


General Infos & Lists in 2009

-2-



�
��

�
��

�
��

�
��

�
��

�
�	

�
�� �

�


�
�

�


�
���

�

�
�


�
��

�
��

�
��

�
�� �

��

-3-



Machine parameters DORIS III  (Present values) 
 Positron energy 4.45 GeV 

Circumference of the storage ring 289.2 m 
Number of buckets 482 

Number of bunches 1 (for tests), 2, and 5 
Bunch separation (minimum) 964 ns (for tests), 480 ns, and 192 ns 

Positron beam current 140 mA (5 bunches) 
Horizontal positron beam emittance 410 nmrad (rms) 

Coupling factor 3% 
Vertical positron beam emittance 12 nmrad (rms) 

Positron beam energy spread 0.11% (rms) 
Curvature radius of bending magnets 12.18 m 

Magnetic field of bending magnets 1.218 T 
Critical photon energy from bending magnets 16.0 keV 

 
Machine parameters PETRA III (Design values) 

Positron energy 6.0 GeV 
Circumference of the storage ring 2304 m 

Number of buckets 3840 
Number of bunches 960 and 40 

Bunch separation 8 ns and 192 ns 
Positron beam current 100 mA (top-up mode possible) 

Horizontal positron beam emittance 1 nmrad (rms) 
Coupling factor 1% 

Vertical positron beam emittance 0.01 nmrad (rms) 
Positron beam energy spread 0.1% (rms) 

Curvature radius of bending magnets 22.92 m (new part of the ring) 
Magnetic field of bending magnets 0.873 T (new part of the ring) 

Critical photon energy from bending magnets 20.9 keV (new part of the ring) 
 
  
Machine parameters FLASH (as achieved in 2008) 

Electron energy (max.) 1.0 GeV 
Length of the facility 315 m 

Normalized emittance 2 mm mrad (rms) 
Emittance 1 nm rad (rms) 

Bunch charge 1 nC 
Peak current 2 kA 

Bunches per second (typ. and max.) 150 and 4000 
Lasing parameters 

Photon energy (max.) 180 eV (fundamental) 
Wavelength (min.) 6.9 nm (fundamental) 

Pulse duration (FWHM) 10 - 50 fs 
Peak power 1 - 5 GW 

Bunch energy (average) 10 -100 µJ  
Photons per bunch 1012 - 1013

Average brilliance 1017-1019 photons/sec/mm2/mrad2/0.1% 
Peak brilliance 1029

 - 1030 photons/sec/mm2/mrad2/0.1% 

Update 12. Jan. 2009 
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Committees 2009

Photon Science Committee PSC 
Colin Norris (Chair) Diamond, CCLRC, UK 
Simone Techert (Vice Chair) Max-Planck-Institut Göttingen, D 
Don Bilderback Cornell University, USA 
Peter Fratzl  Max-Planck-Institut Potsdam, D 
Michael Fröba Universität Hamburg, D 
Janos Hajdu University of Uppsala, S 
Roland Horisberger PSI Villigen, CH 
Koen Janssens University of Antwerp, B 
Vladimir V. Kvardakov Kurchatov Institute Moscow, RUS 
Franz Pfeiffer TU München, D. 
Harald Reichert ESRF Grenoble, F 
Jean-Pierre Samama Synchrotron Soleil, F 
Peter Siddons NSLS Brookhaven, USA 
Joachim Ullrich Max-Planck-Institut Heidelberg, D 
Edgar Weckert DESY Hamburg, D 
Philip J. Withers University of Manchester, UK 
Jörg Zegenhagen ESRF Grenoble, F 
Wilfried Wurth Universität Hamburg, D (until May 2009) 
Wiebke Laasch (PSC Secretary) DESY Hamburg, D 
 
Project Review Panel PRP1: VUV- and Soft X-Ray - Spectroscopy 
Wolfgang Drube (PRP Secretary) DESY Hamburg, D 
Marco Kirm University of Tartu, EE 
Thomas Möller TU Berlin, D 
Project Review Panel PRP2: X-Ray - Hard Condensed Matter - Spectroscopy 
Wolfgang Drube (PRP Secretary) DESY Hamburg, D 
Johannes Hendrik Bitter Utrecht University, NL 
Wolfgang Grünert Universität Bochum, D 
Thorsten Ressler TU Berlin, D 
Laszlo Vince Ghent University, B 
Project Review Panel PRP3: X-Ray - Hard Condensed Matter / Diffraction and Imaging 
Hermann Franz (PRP Secretary) DESY Hamburg, D 
Hans Boysen Universität München, D 
Bo Brummerstedt Iversen Aarhus University, DK 
Christan Kumpf FZ Jülich, D 
Bert Müller University Basel, CH 
Andreas Schreyer GKSS Geesthacht, D 
Project Review Panel PRP4: Soft X-Ray - FEL Experiments (FLASH) 
Josef Feldhaus (PRP Secretary) DESY Hamburg, D 
Massimo Altarelli DESY/XFEL Hamburg, D 
Robert Donovan University of Edinburgh, UK 
Roger W. Falcone Lawrence Berkely Lab., USA 
Maya Kiskinova Sincrotrone Trieste, I 
Jon Marangos Imperial College London, UK 
Gerard Meijer Fritz-Haber-Institut Berlin, D 
Jan Michael Rost Max-Planck-Institut Dresden, D 
Christian Schroer TU Dresden, D 
Bernd Sonntag Universität Hamburg, D 
Urs Staub PSI Villigen, CH 
Svante Svensson Uppsala University, S 
Edgar Weckert DESY Hamburg, D 
Gwyn P. Williams Jefferson Lab., USA 
Project Review Panel PRP5: X-Ray - Soft Condensed Matter / Scattering 
Rainer Gehrke (PRP Secretary) DESY Hamburg, D 
Tiberio Ezquerra CSIC Madrid, E 
Jochen S. Gutmann Universität Mainz, D 
Beate Klösgen Univ. of Southern Denmark, DK 
Oskar Paris Max-Planck-Institut Potsdam, D 
 
HASYLAB User Committee HUC 
Peter Müller-Buschbaum (Chair) TU München, D 
Jens Falta Universität Bremen, D 
Andreas Frömsdorf Universität Hamburg, D 
Alexander Marx MPG-ASMB Hamburg, D 
Thomas Möller TU Berlin, D 
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Structure of ScFe nanoglass studied using in-situ 
SAXS/WAXS and high energy XRD  

U. Vainio, J. Bednarcik, E. Tõldsepp*, J. Fang1 , H. Gleiter1

HASYLAB at DESY, Notkestr. 85, D-22607 Hamburg, Germany,   1 Institut für Nanotechnologie, Forschungszentrum 
Karlsruhe in der Helmholtz-Gemeinschaft, Karlsruhe, Germany, *Current address: Institute of Physics, University of 

Tartu, Estonia 

Nanoglasses are a new class of amorphous metal alloys.[1] They are produced by consolidating 
nanosized clusters of an amorphous alloy at high pressure. By using different production 
parameters, the interfaces and voids between the clusters can be modified and the materials can be 
tailored to have certain properties. At beamline B1 we measured ScFe and PdSi nanoglasses using 
small-angle X-ray scattering (SAXS) and simultaneously wide-angle X-ray scattering (WAXS) 
while heating the samples. At beamline BW5 the ScFe samples were measured mostly at room 
temperature using high energy X-ray diffraction (XRD).  

Figure 1 shows SAXS data for a ScFe sample which was pressed with 4.5 GPa pressure. The very 
mild hump in the curves around q = 0.08 1/Å (q = 4π sin(θ)/λ) was interpreted to originate from 
interfaces between the pressed nanoparticles. The heating induces small changes in the hump 
position and intensity. By fitting the random two-phase Debye–Bueche model in the data we are 
able to follow the change of a correlation length as a function of temperature.[2] 
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Figure 1. On the left: Evolution of SAXS curves of a ScFe sample with temperature. Except for the lowest 
curve (T = 25 °C), all curves have been shifted for clarity. The black line shows a Debye–Bueche model fit 
to one of the curves. On the right: The Debye−Bueche fits give correlation length a and the mean square 
fluctuation of electron density <η2>. The χ2 parameter indicates the goodness of the fit. The vertical dashed 
line shows the approximate start of crystallization at about 250 °C according to WAXS data. 

Based on measurements of many ScFe samples prepared at the Karlsruhe Institute of Technology, 
several aspects in the temperature behaviour of the structure of the ScFe nanoglasses were found to 
be similar for all samples. The mean square fluctuation of electron density <η2> was seen to 
decrease and the correlation length was seen to increase with temperature. The mean square 
fluctuation of electron density is defined ϕ(1−ϕ)(Δρ)2, where the density difference between phases 
in the sample Δρ can change as well as the volume fraction ϕ of a phase. This would indicate that 
the density of the nanoclusters is changing with temperature. Together with WAXS results, the 
slight increase in correlation length and the changes in the mean square fluctuation of electron 
density may indicate that diffusion of atoms from the denser particle areas to less dense interface 
areas takes place during heating. 
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Figure 2. On the left: Reduced pair distribution functions, G(r), for FeSc nanoglasses at different stages of 
preparation. Dashed lines represent fits to G(r)=-4πrρ0, from which average atomic number density ρ0 was 
extracted. On the right: Decomposition of the first coordination shell using three Gaussians describing the 
contribution from Fe-Fe, Fe-Sc and Sc-Sc atomic pairs, respectively. 

X-ray diffraction (XRD) experiments using high-energy photons were performed at the BW5 
wiggler beamline using an imaging plate detector MAR345. The energy of the synchrotron 
radiation was set to 108.9 keV, which corresponds to the wavelength of λ = 0.011377 nm. The 
distance between 2D detector and sample was adjusted to about 43 cm in order to cover high-q 
range up to 18 Å-1. The local structure of FeSc nanoglass was investigated for three different 
samples: (A) pressed at 1.5 GPa, (B) pressed at 4.5 GPa, and (C) after annealing sample B at 240 
°C. Figure 2 shows comparison of pair distribution functions G(r) for different preparation stages. 
Decomposing the first coordination shell using three Gaussians distributions (left figure in Fig. 2), 
the level of atomic disorder corresponding to the three atomic partials (Fe-Fe, Fe-Sc and Sc-Sc) can 
be described. High-energy XRD reveals slight modifications of the local atomic structure of ScFe 
nanoglass with different preparations steps. Whereas high pressure treatment helps to decrease the 
extent of disorder around Fe atoms, additional annealing has an opposite effect.  

 

References 
 

[1] H. Gleiter (2008) Acta Materiala 56, 5875–5893. 
[2] P. Debye, H.R. Anderson, Jr., and H. Brumberger (1957) J. Appl. Phys. 28 (6), 679–683.  
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EXAFS study of copper complexes towards 
structural characterization of cyano-bridged 

bimetallic networks. 
1Olaf Stefanczyk, 2Dariusz A. Zajac, 1Robert Podgajny 

1 Faculty of Chemistry, Jagiellonian University, Ingardena 3 30-060 Cracow, Poland 

2HASYLAB at DESY, Notkestr. 85, D-22603 Hamburg, Germany 

 

Copper salts have been very well known since ancient times for their blue colour. In modern times coordination 
chemistry concentrates on copper due to liability of its complexes and due to large tendency of bonding to N-
donor ligands, like pyrazine, piperazine, DABCO or pyrazole. These bonds allow building coordination 
networks with different dimensionality. Recently, chemists have concentrated on copper synthesis containing bi- 
and tri-metallic materials with molecular bridges due to collective phenomena such as magnetic ordering or 
photoinduced magnetization. [1, 2] One of the promising candidates in this area of research are cyano-bridged 
octacyanades with different TM ions, e.g. CuII-L-[TMV(CN)8]3-/4- (TM = Mo, W; L = bridging and decorating 
ligands).  

As many of cyano-bridged coordination networks can not be structurally characterized by mean of diffraction, 
only the EXAFS method seems to be suitable for poorly crystallizing materials. In the first stage we plan to 
obtain and interpret EXAFS signals for basal copper complexes with known structures.  These results will allow 
determination of the local structure of novel bimetallic coordination networks. 

Cu(II) complexes have been synthesized according to published procedure [3-5], using commercially available 
reagents (pyrazine, piperazine and pyrazole – Sigma Aldrich; copper salts – Idalia). Cu-pyrazole is a simple 
aromatic ring complex with additional Cu-Cl bonds, Cu pyrazine is a heterocyclic aromatic complex with 
additional Cu-O bonds, whereas Cu piperazine is non-aromatic organic complex with additional Cu-O bonds. 

XAS experiments have been performed in Hasylab, DESY, Hamburg, Germany, at the beamline C1 (CEMO) as 
an In-house Research Project. EXAFS spectra have been collected at Cu: K edge (8979 eV) at 77K in 
transmission mode, simultaneously with reference standard (Cu metallic foil). 

Results from the XAS measurement for simple copper complexes are presented in Fig. 1. XANES spectra show 
that Cu valence state, for all investigated samples, is close to 2+. The EXAFS spectra exhibit a dominant peak of 
the first nearest neighbour shell at 1.9 Å which corresponds to oxygen and/or nitrogen neighbours. The peaks 
located at about 2.8 Å and 3.8 Å show differences in structure of these materials due to the different ligands 
applied. Detailed EXAFS analysis of the nearest neighbours’ peak show the change of the Cu-N bonding length, 
according to the measured compound. The shortest Cu-N bonding is observed for Cu pyrazole. For Cu 
piperazine, the nearest neighbours’ peak corresponds to Cu-N and Cu-O bonding. The longest Cu-N bonding is 
observed for Cu pyrazine. The detailed analysis of XAS results of presented compounds is still under 
investigation.  

 

To summarize, the EXAFS study confirm information on the local ionic environments in the different copper 
complexes. The obtained results are promising from the point of view of further analysis and structural 
description of bimetallic networks and magnetostructural correlations. 
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Figure 1.Fourier transforms of the Cu:K edge (EXAFS spectra) for simple copper complexes at 77K. In the inset: 
the chi(k)*k4 and XANES spectra at Cu:K edge are presented. 

Compound Cu -N NN Cu-O NO Cu-Cl NCl

 Å  Å  Å  

Cu piperazine 2.014 

2.033 

1 

1 

1.929 

1.933 

2.388 

1 

1 

1 

  

Cu pyrazole 1.9964 

1.9965 

2 

2 

  2.641 2 

Cu pyrazine 2.0805 4 2.301 2   

Table 1. Results of EXAFS fits of Cu nearest ions. Cu-ION and NION corresponds to the bonding length and 
number of degeneracy. 
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[1] P.Przychodzeń, T.Korzeniak, R.Podgajny, and B.Sieklucka, “Supramolecular coordination networks 
based on octacyanometalates: From structure to function”, Coord.Chem.Revs., 2006, 250, 2234-2260. 
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XANES study of copper complexes towards 
structural characterization of cyano-bridged 

bimetallic networks. 
1Olaf Stefanczyk, 2Dariusz A. Zajac, 1Robert Podgajny 

1 Faculty of Chemistry, Jagiellonian University, Ingardena 3 30-060 Cracow, Poland 

2HASYLAB at DESY, Notkestr. 85, D-22603 Hamburg, Germany 

 

The coordination chemistry of copper complexes, past and present, is most probably the richest one among the d 
metals species. However the most stable and, at the same time, the most attractive valence state is Cu(II) (due to 
electronic spin S = 1/2 and stereochemical non-rigidity), there are numerous examples of complexes including 
Cu(I) and Cu(III). These valence states are diamagnetic, yet, they may be included in electrochemically labile 
switchable bimetallic complexes (i.e. with CuII/CuI and [M(CN)8]3-/4-, M = Mo, W, active redox couple). The 
valence state may be also stabilized by the ligands of specific acceptor or donor properties, respectively. Some 
ligands imply very often the presence of fractional electron density localised on Cu centre [1].  

The crucial part in the understanding of the role of the valence of transition metals ions in the process of 
synthesis can be analysed by means of XANES. This method allows for the determination of ionic state of each 
investigated element. However, it is also sensitive to the density of electronic states of induced element. Thus, 
one of the main problems for the XANES comparative study is the choice of proper reference compounds, 
especially for  (semi-) organic materials. 

In this paper we would like to present the initial XANES experiment of selected Cu complexes used as 
precursors for bimetallic cyano-bridged coordination networks. Experiments have been performed in Hasylab, 
DESY at the beamline CEMO, at Cu:K edge, at 77K and in transmission mode, simultaneously with the Cu 
metallic foil as an energy standard. The experiments have been carried out as an In-house Research project. 

Cu(II) complexes have been synthesized according to published procedure [2-4], using commercially available 
reagents (pyrazine, piperazine and pyrazole – Sigma Aldrich; copper salts – Idalia). Cu pyrazole is a simple 
aromatic ring organic complex with additional Cu-Cl bonds, Cu pyrazine is a heterocyclic aromatic complex 
with additional Cu-O bonds, whereas Cu piperazine is non-aromatic organic complex with additional Cu-O 
bonds. Together with Cu(II) complexes the inorganic Cu samples (commercially available) has been measured as 
different edge energy standards: Cu metallic foil as Cu(0), CuBr as Cu(I) and CuCl2, Cu(NO3)2 and CuSO4 as 
Cu(II). 

Results of XANES experiments together with their first derivatives are presented in figure 1. The edge energy of 
Cu metallic foil has been defined as the first maximum of the first derivative of XANES spectra (FMFD) and is 
8979eV. Edge energies of investigated samples as the first maximum of the first derivative of XANES spectra, 
as well as the energy point at the half height of the K edge (HHE) are summarised in Table 1. It is clearly visible 
that the ionic state of Cu for Cu complexes (Cu pyrazine, Cu pyrazole and Cu piperazine) is close to 2+. It has to 
be noticed that for both methods (FMFD and HHE) the edge positions are very close to the edge position of 
CuCl2. The edge energies obtained from other Cu(II) reference compounds (CuSO4 and Cu(NO3)2) are about 
2eV higher than for CuCl2. Detailed analysis of presented spectra is still ongoing. 

To summarize, the XANES study on presented samples provides detailed information on the local ionic 
environments in the different copper complexes. The obtained results are promising from the point of view of 
sample synthesis and further structural description of bimetallic networks and magnetostructural correlations. 
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Figure 1. XANES spectra of organic Cu(II) complexes together with inorganic Cu 0, 1+ and 2+ energy 
standards. In the insets the first derivatives of measured samples are presented. 

Compound CuBr CuCl2 Cu(NO3)2 CuSO4
Cu 

piperazine 
Cu 

pyrazine 
Cu 

pyrazole 

 eV eV eV eV eV eV eV 

FMFD 8981,26 8985,52 8988,37 8987,78 8985,12 8985,35 8985,10 

HHE 8981,05 8985,95 8988,00 8987,66 8986,82 8986,53 8986,01 

Table 1. Edge energies of measured samples taken as the first maximum of the first derivative of the XANES 
spectra (FMFD) and the half height of the K edge (HHE).  
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GISAXS investigation of FePt nanostructure formed by 
thermal deposition onto ordered PS-b-PMMA templates  

K. Schlage, B. Sahoo, S. Couet1, J. Perlich and R. Röhlsberger 

DESY, Notkestrasse 85, 22607 Hamburg, Germany 
1 Instituut voor Kern- en Stralingsfysica, Katholieke Universiteit Leuven, 3001 Heverlee, Belgium 

The realization of block copolymer films with nanoscopic unit cells down to a few nanometre and 
quasi long range crystalline order over arbitrary large length scales [1] stimulates the fabrication 
process of ordered nanostructure via the hierarchical self-assembly method. Although applicable in 
a variety of branches, particularly interest is given to block copolymer based magnetic 
nanostructure with the potential to boost the capacity of future hard drives. 

Here we investigate a special case where a nanoscopic PS-b-PMMA template with a flat surface 
morphology is transformed into a highly ordered 3D structure by thermal deposition of FePt at 
elevated temperatures (see one example in Fig. 1). Atomic force microscopy allows to detect the 
surface morphology but the buried structure in the polymer matrix can not be determined thus 
avoiding to understand the origin of this transformation phenomena as well as to determine the 
extension of the magnetic nanostructure. For this we use grazing incidence small angle x-ray 
scattering (GISAXS).  

The experiment was performed at the beamline BW4 using a photon energy of 10 keV and a 
focussing of the beam to 30 μm x 60 μm at the sample position. A series of data sets were taken at 
different incident angles and at different lateral orientations of the sample relative to the photon 
beam. Two of the GISAXS pictures are displayed in Fig. 2.   

 
Figure 1. AFM images of structurally transformed polymer templates after nominal MBE (molecular beam 
epitaxy) deposition of 7 nm of FePt at elevated temperature. A drastic change of the surface morphology 
from a plane to a highly ordered, canted lamellar structure can be seen. Even sensitive to the surface 
morphology the AFM images don’t allow to determine where the magnetic material is deposited. GISAXS 
investigations were made to clarify this question. 

A 2D simulation of the scattering pattern was made with the data evaluation software IsGISAXS 
[2] to get a full picture of the structural and ordering parameters of the nanostructure. The main 
results are presented in Fig. 3. The simulation shows that a homogenous FePt is formed on an 
anisotropic pyramid like structure. The thickness is reduced by 35% compared to the nominal 
thickness of the deposited material. This effect is obviously due to the increased surface area of the 
nanostructured polymer film compared to that of a plane film. However, from the results (FePt is 
exclusively deposited on top of the polymer) it is concluded that the drastic change of the polymer 
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structure (from a hexagonal arrangement of upright PMMA cylinders in a plane PS matrix into the 
pyramid like lamellar surface morphology) is finished before the FePt deposition started.   

 
Figure 2. GISAXS images of the polymer templates after nominal deposition of 20 nm and 7 nm of FePt. 
The exposure time at BW4 was around 60 s for each picture. 

 
Figure 3. Sketch of selected results extracted from the 2D GISAXS simulation for the 7nm deposition. The 
evaluation shows that the plane PS-b-PMMA polymer template transformed into an anisotropic polymer 
pyramid structure on a polymer film on which the FePt formed a homogenous film of slightly reduced 
thickness compared to the nominal FePt deposition (7nm).  

Thus, this effect is probably mainly due to the thermal treatment before the actual metal deposition 
started. Future investigation will focus on the magnetic properties of this pyramid like FePt 
structure. 

References 
 

[1] S. Park, D. H. Lee, J. Xu, B. Kim, S. W. Hong, U. Jeong, T. Xu, T. P. Russell, 
      Science 323, 1030 (2009) 
[2] R. R. Lazzari, Appl. Cryst. 35,406-421 (2002) 
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Martensitic phase transformation in ferromagnetic 
shape memory alloys 

B. Sahoo, K. Schlage, S. Cusenza, T. Guryeva, R. Röhlsberger, J. Bednarcik, M. von 
Zimmermann and E. Welter 

DESY, Notkestrasse 85, 22607 Hamburg, Germany 

 F. Tolea, M. Safronie, A. Birsan, G. Schinteie, V. Kuncser and M. Valeanu 

National Institute of Materials Physics, Bucharest, Romania 

 

Shape memory alloys undergo a martensitic phase transformation from the high temperature austenitic 
phase to low temperature martensitic phase. These transformation are thermoelastic, reversible and 
diffusionless (only cooperative shifting of atoms). The transformation can be induced by temperature, 
pressure/stress and magnetic field (for ferromagnetic shape memory alloys FSMA). In ferromagnetic shape 
memory alloys the high temperature cubic (bcc or fcc) phase (Austenite) transforms to low temperature 
martensitic (bct) phase. FSMA are preferrerd because of their high frequency response, as magnetic field 
can be varied much faster than temperature). 

In order to study the effect of Co substitution in place of Ni, we have used theree different shape memory 
alloy ribbon samples, p1s2: Ni55Fe20Ga25, p3s2: Ni53Co1Fe20Ga26  and p5s2: Ni52Co2Fe20Ga26. Fig.1 provides the 
magnetization measurement and DSC result of the sample p1s2. 

 

 

 

 

        

 

     

 

The X-ray diffraction measurements were performed at the beamline BW5 of DORIS III, at the HASYLAB by using an 
image plate (2D) detector. The data were then integrated by using the program Fit2D. The X-ray diffraction results clearly 
verified the martensitic transformation temperatures. An example of the measured data for sample p1s2: Ni55Fe20Ga25 is 
shown in Fig 2. With increasing Co doping, in place of Ni, the martensitic transformation temperature was found to 
decrease. Structural and thermal parameters were extracted from the measured X-ray absorption spectra measured at 
the beamline A1 of DORIS III, at different temperatures.  The detailed analysis will be published soon. 
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Fig.1 Vibrating sample magnetometry and DSC results showing the martensitic and austenitic 
transformation temperatures.  
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Fig.2 Integrated X-ray diffraction pattern measured at different temperatures fort he sample p1s2: 
Ni55Fe20Ga25 during cooling (left) and during heating (right).
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Residual stress in laser beam welded steel plates with 
crenellations 

P. Staron, T. Fischer, and S.E. Eren 

Institute of Materials Research, GKSS Research Centre, Max Planck-Str. 1, 21502 Geesthacht, Germany 

Fatigue life extension via the retardation of a growing crack under cyclic loading conditions has 
been an extremely important issue for designers and operators to reduce the inspection cost and 
improve the structural safety of welded structures. The current research aims at gaining a 
fundamental understanding of the mechanisms involved in the damage tolerance behaviour of laser 
beam welded steel structures operating principally under cyclic loading. Particular emphasis is 
given to describing crack retardation mechanisms using elastic-plastic (overload effect) analysis 
approaches, one of which is the crenellation concept. The latter consists of thickness variations or 
ribs on one side of the welded components (Fig. 1). The residual stress distribution in the welded 
structure has to be determined prior to fatigue experiments in order to take into account the 
influence of residual stresses on fatigue results.  

Therefore, diffraction experiments on two laser beam welded steel plates were performed at the 
GKSS materials science beamline HARWI II. The material was the steel RQT 701, which is a 
quench and tempered structural steel combining high strength with excellent forming and welding 
performance. The typical composition is given in Table 1. The yield strength of 12 mm plates is 
690 MPa. The plates had a size of approximately 460 mm × 1500 mm and a mass of about 60 kg.  

a)    b)     

Figure 1: a) Photograph of the crenellated sample mounted at the beamline; beam coming from the right. 
b) Thickness variation in the crenellations (12 mm, 6 mm, 8 mm thickness).  

The plates were mounted in the X-ray beam with the weld in vertical direction. The reference plate 
had a thickness of 12 mm. The other plate also had a thickness of 12 mm (scan line 3), but 
additional milled areas (crenellations) with a thickness of 6 mm (scan line 2) and 8 mm (scan line 
1; see Fig. 1). The X-ray beam penetrated the whole sample thickness, thus giving average 
information from the total thickness.  

Table 1: Nominal composition of the steel RQT 701 (in wt%).  

 C Si Mn S P Cr Mo Nb Ti V Ni Cu B Al 
max. 0.20 0.50 1.60 0.010 0.025 0.35 0.20 0.060 0.040 0.08 0.70 0.20 0.004 0.060 

typical 0.14 0.40 1.35 0.003 0.012 0.01 0.01 0.035 0.025 0.05 0.01 0.01 0.002 0.035 

line 1line 2line 3
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The X-ray energy was 100 keV (wavelength 0.124 Å). The transmission of 12 mm steel at 100 keV 
is about 4%. A monochromator with gradient crystals was used. The beam had a cross section of 
1 mm × 1 mm. A Mar555 area detector was used at a distance of 1072 mm from the sample. The 
exposure time was 2 s. The scan step width was 1 mm. One-dimensional diffractograms are 
produced by integrating over 20° wide sectors in the directions parallel and perpendicular to the 
weld line using the program 'Fit2d' [1]. The position of the Fe (211) reflection was determined by 
fitting a Gaussian profile. In addition, the position of the Cu (220) reflection from Cu powder 
applied to the plate surface on the incoming beam side was used as reference for the exact detector 
distance.  

First of all, the difference in residual stresses in x-direction (parallel to the weld line) and y-
direction (perpendicular to the weld line) was calculated using a modulus of elasticity for the (211) 
reflection of E211 = 225 GPa and a Poisson number 211 = 0.28. This is an exact result in the sense 
that the lacking knowledge of d0, the lattice parameter of the stress-free lattice, does not influence 
this difference. These results are shown in Fig. 2. It can be seen that there are only slight variations 
in the stress distribution due to the crenellations. The maximum stress at the two peaks in the heat-
affected zones vary from 510 to 670 MPa. The largest peak values are observed on scan line 2, 
which is in the thinnest section (Fig. 1). Here, residual stresses are close to the yield stress.  

a)    b)  

c)    d)  

Figure 2: Difference between residual stress in x and y-direction for the reference sample (a) and samples 
with crenellations along scan lines 1–3 (b–d). Typical errors are 10–15 MPa.  
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Investigation of diamond single crystals for XFEL monochromators  

L.Samoylova, D.V.Novikov1, A.Vlasov2, H.Sinn 

European XFEL, Albert-Einstein-Ring 19, 22761 Hamburg, Germany  
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2 Moscow State University, 119991 Moscow, Russia  

The European XFEL will deliver SASE pulses with the peak power of ~20GW. During a 0.6 ms long pulse 
train, the average thermal load of the SASE beam will reach 10kW on a sub-mm spot [1]. The peak energy 
dose of the unfocused beam to the optical elements will be close to melt limit for most materials, therefore 
only low-Z materials can be used due to their smaller photoionization cross-sections. Under these conditions, 
monochromators for hard X-ray wavelength range become the most critical elements of the beamline optics, 
since their material should have both high heat load tolerance and high crystal structure perfection.  

One of the possible technical solutions is based on a diamond single crystal in Laue diffraction geometry.  
For heat dissipation, a perfect diamond crystal plate must be bonded to heat sink rings made of CVD 
diamond. A good thermal conductivity through the boundary between crystal plate and CVD diamond can 
be provided by a state of the art direct bonding technology [2]. 

The local strains introduced into the bulk perfect crystals by the bonding process as well as the stress in 
subsurface layers due to polishing can become critical for the monochromator crystal quality. The aim of this 
work was to investigate the general quality of bulk synthetic HPHT IIa diamond single crystal intended for 
bonding and strain in their surface layers. X-ray topography measurements were performed at beamline E2 
at HASYLAB using a Si (111) double crystal monochromator. 

Figure 1 shows topograms from a  HPHT IIa diamond single crystal with (111) surface orientation taken at 
the X-ray energy of 10 keV, reflection (111) in symmetric Bragg diffraction geometry. The sample proves to 
have defect-free areas up to 1x1 mm2, sufficiently large for the projected application. 

 

Figure 1: Topograms from (111) HPHT IIa diamond single crystal,  (111) Bragg reflection, E=10keV.. 

The topograms from a crystal with (100) surface orientation ( Figure 2) display a higher defect density.  The 
sample consists of large blocks with angular mismatch up to several minutes of arc between them.  
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Figure 2. Topograms from (100) HPHT IIa diamond single crystal,  (400) Bragg reflection, E=10keV. 

To separately probe the crystalline quality of the surface layers, X-ray topography in extremely asymmetric 
Bragg reflection geometry was used. In this method, the Bragg angle of the diffraction planes is matched to 
the inclination of these plane to the sample surface in such a way, that the incoming radiation forms a 
shallow grazing angle to the surface comparable to the critical angle of total external reflection. Surface-
sensitive topograms for a polished sample with (100) surface orientation are shown at Figure 3. X-rays with 
the energy ~7.7 keV and the (220) Bragg reflection was used. The block structure is equivalent to that 
visible at symmetric (400) topograms. No specific defects that could be attributed to surface polishing can be 
detected.  The origin of a wavy contrast observed at the topogram #2 (Fig.3) has yet to be further examined. 

 

Figure 3. Double crystal topograms in extremely asymmetric geometry were used to  
probe the lattice quality at the depth ~10nm.  Topogram #1 was taken  
at the critical angle 0.28°, topogram #2 was taken at the angle 0.32°. 

The results of the experiments are in a good agreement with white beam topography and rocking curve 
mapping, carried out on the same samples at ESRF. The experiments show, that: 
-  crystals have defect free areas up to 2x2mm2, 
-  X-ray reflection curves correspond to a near-perfect crystalline quality, 
- surface polishing does not introduce additional defects visible in the experiment that are relevant for the 
application. 
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Thermal stability of spin-coated colloidal PS films
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Installation of large scale colloidal nanoparticle thin films is of great interest in sensor technology
or magnetic storage [1]. Among the methods used are dip-coating, spin-coating and spray deposi-
tion. Often, such devices are operated at elevated environmental or thermal conditions.

In this experiment we investigated in-situ the effect of heat treatment on the structure of spin-coated
colloidal solutions of polystyrene nanospheres by grazingincidence small angle x-ray scattering
(GISAXS) and optical microscopy. An aqueous solution of polystyrene nanospheres with a nom-
inal diameter of 100 nm was spin-coated onto base-cleaned silicon wafers. At the beamline BW4
[2] at HASYLAB, GISAXS measurements at a wavelength of 0.138nm were performed at room
temperature, at100 ◦C, at 110 ◦C and after cooling the sample down again to25 ◦C using a 2D
detector. The resulting scattering patterns are shown in fig. 1. Out of such 2D patterns horizon-
tal (out-of-plane) cuts were taken which indicate characteristic lateral length scales on the sample
surface and are shown in fig. 2.
As can be seen in fig. 1, annealing leads to an increasing intensity along the vertical(qz) axis while
the intensity of the side peaks in horizontal(qy) direction decreases, especially when the sample is
heated to110 ◦C which is above the glass transition temperature of PS. The vanishing of the peaks
in horizontal direction is interpreted as a loss of long range order in the spin-coated films and it is
irreversible, i.e. the peaks do not reappear after cooling the sample to25 ◦C. Our model uses an
increased mobility of the nanoparticles to explain this behaviour [3].
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Figure 1: GISAXS images at room temperature (left), at100 ◦C (middle) and at25 ◦C (right) after heating
to 110 ◦C
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Solvent evaporation induced micro and 
nanostructures in colloidal droplet 
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When a droplet of emulsion containing monodisperse colloidal spherical particles is placed on a 
substrate and let the solvent evaporate in order to achieve the crystalline structures, convection of 
solvent and the particles, sedimentation of particles and drying of solvent play an important role in 
the final structures of the dried film [1-2]. Because of the convection of the particles from the 
central area to the periphery of the droplet and subsequent sedimentation of the particles and drying 
of the solvent, a broad, thick ring appear at the outer edge of the dried droplet. Sedimentation of the 
particles accompanied with the drying of solvent in the central part of the droplet brings the order 
in the final dried film structures. If the solution is dilute enough, most of the particles migrate to the 
outer edge through convection and a monolayer of spherical particles can form in the central part of 
the dried droplet structure. In that case, the capillary and the van der Waal forces between the 
particles and the substrate play an important role on the final structures of the dried film. We have 
investigated the formation of regular array of chain-like 1-dimensional microstructures from the 
self-assembled colloidal particles in droplets due to interplay between the lateral capillary forces 
and the convectional flow of the particles during solvent evaporation. 

As a model system, we used aqueous emulsion of polystyrene latex microparticles of diameter of 
384 nm. We varied the initial concentration of the droplet and let the water evaporate on the 
substrate cleaned by acetone and isopropanol at room temperature. The 1-dimensional array of 
microspheres present in the final dried droplet is characterized by atomic force microscopy (AFM) 
and grazing incidence small-angle X-ray scattering (GISAXS) technique [3]. 

GISAXS measurements were carried out at the beamline BW4 of the DORIS III storage ring at 
HASYLAB (DESY, Hamburg). The selected wavelength was λ = 0.138 nm. The beam divergence 
in and out of the plane of reflection was set by two entrance cross-slits. The beam was focused to 
the size of 40 µm × 20 µm (H×V) by using an assembly of 15 refractive beryllium lenses [4]. The 
sample was placed horizontally on a goniometer. A beam stop (a diode) was used to avoid direct 
beam to the detector. Besides, a moveable rod-like beam stop was also used to shield the specular 
peak and the high intensities at very low qy on the detector. An incident angle was selected αi = 
0.3°. The scattered intensities were recorded by a 2D detector (MARCCD; 2048×2048 pixel) 
positioned at 2.210 m behind the sample.  

 

Figure 1(a): AFM topography of an array of 1-dimensional string-like self-assembled microparticles of 384 
nm diameter. These structures are formed due to the interplay between the capillary and the van der Waals 
forces acting on the polystyrene microparticles during the late stage of drying of a droplet of an aqueous 
emulsion with a concentration of 0.5 mg/ml. (b): GISAXS intensity distribution pattern on the 2d detector. 
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The incident angle was 0.3°. The lateral ordered structures from the microspheres array create the side 
maxima in the scattering pattern. The oscillating intensity distribution is evolving from the form factor of the 
particles. 

The final dried structures from the central part of the droplet of the aqueous emulsion containing 
monodisperse PS-microspheres with diameter of ~384 nm on silicon substrate are investigated by 
AFM and shown in figure 1(a). We can see the array of string-like structures on top of the 
substrate. These string-like structures are formed from microspheres during drying of the droplet. 
At the late stage of drying, when the droplet height is equivalent to the diameter of the 
microspheres. In this stage, convectional flow of the solvent drags the microspheres toward the 
outer edge of the droplet. At the same time, the solvent underneath the microspheres exerts lateral 
capillary force on the microspheres due to the evaporation. The resulting force aligns the 
microspheres in string-like structures. When the solvent is evaporated, the structures become frozen 
on the silicon substrate. The distances among the neighbour strings are equivalent to 3-4 times the 
diameter of the microspheres. These long-ranged ordered structures are investigated also by 
GISAXS. Only the size of the particle as a form factor is visible. The large inter-string distance 
could not be resolved because of resolution of the set up and the presence of rod like beamstop at 
very small qy-value. The side maxima with vertical oscillations are present in the scattering pattern. 
This is a clear indication of ordered lateral structures, which is mainly the size of the microspheres. 
Since the microspheres are monodisperse, the shape and the size of them produce this coherent 
pattern with resonances of the diffuse scattering. Further data analysis is in process. 
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Dispersive Non-Resonant Inelastic X-Ray Scattering
W.A. Caliebe

HASYLAB at DESY, Notkestraße 85, 22603 Hamburg, Germany

The study of x-ray absorption edges in the soft x-ray range suffers from the high absorption of
x-rays by any medium. These edges are usually studied under ultra-high vacuum conditions, which
makes in-situ investigations under non-UHV conditions impossible. Non-resonant inelastic x-ray
scattering is one way to overcome this problem, since hard x-rays are used to measure the absorp-
tion edge. This is done with a high-resolution spectrometer by tuning the energy difference of the
incident x-rays and of the spectrometer to the desired energy of the edge. Since the cross-section is
rather low, the analyzer crystal of the spectrometer covers a rather large solid angle.[1].
Usually, the spectrometer detects x-rays in a very narrow energy width of less than 1eV, and the
incident energy is tuned through the edge, like in a conventional XAFS-measurement. This method
has the disadvantage that the spectrum is not measured simultaneously, but instead, every point
in the edge is measured at a different time. This is not practical for time-resolved experiments
or for applications at the free-electron laser XFEL, where the experimental conditions vary from
shot to shot. Therefore, a dispersive spectrometer, which covers a larger energy range with high
energy resolution, offers significant advantages. One problem of the most common dispersive
spectrometers in van-Hamos-geometry is the rather low energy resolution. The Läuger-geometry
has been used for emission experiments so far, but it has the advantage of high energy-resolution
and high efficiency. Therefore, I tried to install a dispersive spectrometer based on the Läuger-
geometry [2] on the diffractometer at beamline W1.
The main part of the spectrometer is a 100mm-diameter spherically bent (bending radius 1m)
Si(111) analyzer crystal operating in backscattering geometry in order to get a high energy res-
olution. The diffracted x-rays are detected by a Mythen-detector, which is a 1D strip-detector with
a spatial resolution of about 50 µm and a length of 64mm. Typical high-resolution spectrometers
have identical path-lengths between sample and analyzer, and analyzer and detector, however, the
Läuger-geometry moves the analyzer closer to the sample. This is clearly visible in figure 1.

Figure 1: Experimental set-up of the dispersive spectrometer at W1.

The performance of the spectrometer, however, was not as good as expected. One goal of the
experiment was to measure Na, Al, and Si K- and L-edges in Albit (NaAlSi3O8), however, these
experiments failed. The high absorption by the sample and the low cross section made these exper-
iments rather difficult. Some peaks showed up in the spectra, however, they did not disperse with
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the incident energy as expected. Therefore, the C K-edge in graphite was measured. Due to the
rather low absorption, a large volume was sampled, which resulted in a clear peak (see figure 2).
This peak disperses with the incident energy, however, some artifacts are still visible like a peak at
an energy loss of 285 eV for an incident energy of 10320 eV. Additionally, the signal to background
ratio is rather low, which is probably the reason why the measurements of albit failed.

Figure 2: C K-edge in graphite measured at three different incident energies.

In the future, the efficiency of the system will be improved by using a larger detector. Many photons
are wasted in the non-dispersive direction, in which the detector is smaller than the reflected beam
size.
I would like to acknowledge Max Wilke (GFZ Potsdam) for the albit samples.
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Moissanite anvil cell (MAC) for high energy x-ray
diffraction under pressure
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The ability to investigate hard condensed matter system under external fields is of essential im-
portance for the understanding of their physical properties. Besides temperature, which affects the
entropy of the system and magnetic field, which tweaks the magnetic ordering properties, exter-
nal pressure is one of the fundamental parameters, since it is directly related to the structure by
changing the chemical potential. Even though experiments under high pressure have been refined
in recent years and became standard experimental tools, thecombination with x-ray diffraction
is still challenging. One of the most common high pressure apparatus is a diamond anvil cell
(DAC), which allows hydrostatic pressures far above 100 GPa. However, such pressures can only
be achieved for extremely small samples of about 10µm [1]. For high energy x-ray diffraction
sample sizes of the order of milli-meters are desirable. Forsuch large samples, moissanite anvils,
which are SiC single crystals, possessing a similar hardness as diamond, but being far less expen-
sive, have been used. These cells aim for pressures up to 10 GPa. The MAC complements the
existing clamp type piston cells which reach pressures up toabout 3 GPa [2]. Two cells with gasket
holes of with diameters of 1 and 2 mm have been made. The beam travels through the gasket made
out of maraging steel, which reduces the intensity by about afactor of 5, depending on the x-ray
energy and the gasket diameter used. The design is compact enough to cool the cell in a displex
cryostat available at beamline BW5. In order to minimize cooling times, a flow cryostat will be
available in the near future. The pressure calibration willbe performed by analyzing the fluores-
cence from ruby single crystals, inserted in the pressure medium together with the sample, by an
optical spectrometer.

Figure 1: Photo of the MAC cell. The cell has a diameter of 52 mmand a height of 90 mm.
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Sulphur and chlorine K-edge XAFS spectroscopy at 
beamline A1 

E. Welter 
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Some X-ray absorption edges of elements that play an important role in scientific fields like 
catalysis, material science, environmental science etc. have absorption edges below 3 keV.  The 
rebuild beamline A1 allows XAFS measurements between 2.4 and 8 keV. It was completely rebuild 
in the years 2008 / 09 and is now available for XAFS experiments at lower energies. The working 
range includes the K-edges of light elements like Sulphur and Chlorine.  

The A1 is now endowed with two mirrors, a focusing toroidal mirror mounted at approximately 2/3 
of the beamline length and a plane mirror. The toroidal mirror is coated with Ni, the plane mirror 
has a Ni stripe and an uncoated polished SiO2 stripe. The Ni coating yields higher flux and 
harmonics suppression than Au below 5 keV but limits the upper working range to ~8 keV. The 
spot size on the sample is ~ 0.5 * 5 mm², the flux at 7 keV is 4*1010 s-1. A detailed description of 
the beamline can be found in [1]. The Si 111 double crystal monochromator is of the same compact 
fixed exit type as the C monochromator [2].  

Figure 1 shows sulphur K-edge XAFS spectra of an Sb2S3 and of an FeSO4 sample. The samples 
were prepared as 1 mm thick pellets using cellulose as binding agent. These samples are 
intransparent for X-rays with energies around 2.5 keV. The XAFS were therefore detected in 
fluorescence yield mode using a large (5 cm diameter) PIPS-diode detector (Canberra, ). The 
incoming beams intensity was measured using a standard ionisation chamber (Length 10 cm) filled 
with 35 mbar N2. The spectra clearly show the well know large edge shift between S6+ and S2- and 
the large white line observable in sulphate XAFS spectra. The small peak, which is observable in 
the Sb2S3 spectrum exactly under the white line of the sulphate sample's spectrum, indicates a 
contamination of the sample with a small amount of sulphate.  

 

Figure 1: Sulphur K-edge XAFS spectra of Sb2S3 (Dotted line) and FeSO4 (solid line), after background 
subtraction and normalisation 
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Figure 2 shows the EXAFS spectrum of a NaCl sample. The NaCl was ground as fine as possible and spread 
on adhesive Kapton tape. This sample was thin enough to allow measuring the XAFS spectrum in 
transmission mode. The upper limit in k-space is k = 9 Ǻ-1, because both ionisation chambers were filled 
with air (containing 1 % Ar) at the time of the measurement. The Ar K-edge at 3206 eV is setting the upper 
limit for the EXAFS scan under these conditions.  

 

Fig. 2: Cl K-edge EXAFS spectrum of a NaCl sample measured in transmission mode, upper k-range 
limited by the onset of the Ar K-edge 

Background absorption remains the main problem at these low energies. The absorption length of 2.5 keV 
X-ray photons in Kapton is only 35 µm, in water 31 µm. This problem must be considered in the design of 
specialised (in-situ) sample cells. Some improvements like using thinner entrance and exit windows for the 
ionisation chambers were already realised, the design of optimised sample environments is on the agenda 
for 2010.  
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Phase-contrast imaging provides a much higher contrast than conventional absorption-contrast imaging for 
low Z materials. Grating-based phase-contrast imaging, developed at Paul Scherrer Institut (PSI), 
Switzerland, makes use of an x-ray grating interferometer and allows for quantitative phase-contrast imaging 
even at low brilliance sources like x-ray tubes [1, 2]. In addition, it yields dark-field information of the 
sample similar to the dark-field signal in optical microscopy, which is sensitive to the microstructure like 
porosity within the materials [3]. 

In cooperation with PSI, TU München and the Karlsruhe Institute of Technology (KIT) a grating 
interferometer consisting of three gratings was designed and installed at the beamline HARWI II operated by 
GKSS Research Centre, Geesthacht, Germany. The beamline HARWI II is dedicated to imaging in materials 
science and provides a wide beam with high flux for imaging centimeter-sized objects [4], but a low 
coherence. Figure 1 shows the grating interferometer consisting of the absorbing source grating G0 (period: 
22.3 μm, depth: ~50 μm gold (Au), fabricated by PSI), the beam splitter silicon grating G1 (period: 4.33 μm, 
depth: 35 μm silicon (Si), fabricated by PSI), and the absorbing analyzer grating G2 (period: 2.4 μm, depth: 
30 μm gold (Au), fabricated by KIT).  

 

Figure 1: Schematic of the grating interferometer setup at HARWI II consisting of three gratings G0 (45 m 
away from the source), G1 (3 m from G0) and G2 (0.32 m from G1), the specimen and the detector. 

Here, we present reconstructed tomographic slices of a self-made fluid phantom consisting of five Eppendorf 
polyethylene tubes (Ø 5 mm in the scanned region) from a tomography scan at the new grating 
interferometer. The tubes filled with well defined fluids (demineralised water, ethanol, glycerol, NaCl5% in 
water, and NaCl2.5% in water) were scanned in a water tank filled with demineralised water using the new 
grating-based setup in the 7th fractional Talbot order at 22 keV. For each projection 8 images were recorded 
at different positions of the beam splitter grating G1 and for the tomography 361 projections over 360 
degrees were taken. After every projection a reference image without the sample was recorded to correct for 
beam instabilities. The reconstruction was performed using a back projection algorithm with two different 
filter functions in Fourier space (for more details see [1]).  
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Figure 2 shows a picture of the fluid phantom and two reconstructed slices of the fluid phantom (averaged 
over 20 slices to enhance the signal-to-noise ratio): (b) shows the reconstructed attenuation coefficients Δμ 
and (c) the refractive index decrements Δδ, both measured relatively to water. Both signals were obtained 
simultaneously and demonstrate that fluids with similar attenuation coefficients can be clearly distinguished 
using the refractive index decrement and vise versa. Additionally, quantitative values can be obtained from 
this measurement.  

Our results clearly demonstrate the accuracy of the newly installed grating-based setup for phase-contrast 
imaging of centimeter-sized objects. We believe that our approach is of great interest for imaging weakly 
absorbing materials. For the analysis of materials with inner structures like porosity, the simultaneously 
provided dark-field information can reveal even more details about the sample under investigation. 

 

Figure 2: (a) Picture of the fluid phantom with 5 Eppendorf tubes filled with different fluids, (b) and (c) 
tomographic reconstructions from the same region of the phantom measured at 22 keV showing (b) the 

attenuation coefficients Δμ and (c) the refractive index decrements Δδ, both relative to water. The images are 
windowed (from black to white) between the value of b) -2.1e-2 and 0.6 e-2 mm-1 and c) -8.2e-8 and 0.2e-8. 

 

References 
 

[1] F. Pfeiffer, C. Kottler, O. Bunk, and C. David (2007) Hard-X-ray Phase Tomography with Low-
Brilliance Sources, Physical Review Letters 98, 108105, 1-4. 

[2] J. Herzen, T. Donath, F. Pfeiffer, O. Bunk, C. Padeste, F. Beckmann, A. Schreyer, and C. David 
(2009) Quantitative phase-contrast tomography of a liquid phantom using a conventional x-ray tube 
source, Optics Express 17 (12), 10010. 

[3] F. Pfeiffer, M. Bech, O. Bunk, P. Kraft, E. F. Eikenberry, C. Brönnimann, C. Grünzweig, and C. 
David (2008) Hard-X-ray dark-field imaging using a grating interferometer, Nature Materials 7, 
134-137. 

[4] F. Beckmann, T. Donath, J. Fischer, T. Dose, T. Lippmann, L. Lottermoser, R. Martins, and A. 
Schreyer (2006) New developments for synchrotron-radiation based microtomography at DESY, 
Proc. of SPIE 6318, 631810, 1-11. 

 

-33-



Tracing element enrichment processes in nature using
fluid inclusions and micro-XRF

K. Appel and R. Thomas1
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Natural fluid inclusions may conserve the composition of fluids present during mineral formation
and thus may allow to study element enrichment processes in the upper crust. Synchrotron ra-
diation induced micro-XRF has been proven to be a useful analytical tool to obtain the chemical
composition of fluid inclusions e.g. [1, 2]. In this study, wefocus on samples from the Ehren-
friedersdorf complex, Germany which are in close relation to important W and Sn ore deposits.
While W and Sn were shown to be deposited from early fluids withformation temperatures above
500◦C, in the present study we focus on fluids enriched in other precious metals such as Zn. One
halite-rich inclusion trapped in quartz was studied exemplary using synchrotron radiation induced
XRF. At room temperature, the inclusion is composed of a liquid and a vapor phase as well as
several daughter crystals. Raman spectroscopy was appliedto identify the daughter crystals within
the inclusion. However, not all phases could be identified. Thus, synchrotron radiation induced
micro X-ray fluorescence analysis was applied in order to identify the missing daughter crystals. In
addition, the chemical composition of the fluid trapped as inclusion was determined as it allows to
deduce on the ore forming process.
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Figure 1: Sumspectrum of 342 single point spectra on inclusion taken during a larger mapping.

Micro-fluorescence analysis was performed at beamline L at HASYLAB. The multilayer monochro-
mator was chosen to achieve maximum photon flux at the sample.The energy was set to 31.5keV
in order to detect the important element Sb via K-shell excitation. Due to the high energies a
400µm Al absorber was chosen to protect the multilayer from radiation damage. Measurements
were performed using the high energy polycapillary to achieve the best spatial resolution available
at beamline L, i.e. 5µm. Fluorescence spectra were recorded with a Vortex SDD detector oriented
at 90◦ to the incoming beam. For energies above 20keV this detectoris not very sensitive but was
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used nevertheless as measurements were compared to the confocal set-up later in the beamtime.
The inclusion was scanned step-by-step covering the complete inclusion with step sizes of 3µm in
vertical and 5µm in horizontal direction. Sample times per point were 30sec. The scanned area was
a factor of 2 -3 larger than the inclusion. Peak areas were detected for each point with the software
packages microxrf2 and Linux-AXIL [3].
Silicon, Ar, K, Cr, Mn, Fe, Ni, Zn, Br, Rb, Sr, Mo, Ag, Cd, Sn, Sb, Cs, Yb and Pb were detected
in the spectra (Figure 1). Elemental distribution maps showthat K, Mn, Fe, Zn, Br, Rb, Sr, Ag,
Cd, Cs, Yb and Pb are present in the inclusion (Figure 2). Concentrations are always highest in
the daughter phases of the inclusion. Iron, Zn, Br, Pb and Ag were shown to be present in several
daughter phases. Identification of the daughter minerals inthe inclusion and correlation to Raman
spectroscopy investigations turned out to be difficult as the daughter minerals were rearranged after
exposure to the photon beam. As a main phase we could identify(K,Rb)2Zn(Cl,Br)4.

NaCl

Figure 2: Elemental distribution map of selected elements for the mapped inclusion.

For quantification of the inclusion composition, the spectra taken on the inclusion were summed
after normalization to intensity of the beam and detector live time (Figure 2). The sum spectrum
was simulated with a Monte Carlo simulation [4] in the standardless mode based on the method
described by [1]. The reliability of the quantification procedure was checked with the standard
reference materials NIST612 and NIST610 measured during the same analytical session. Results
will also be cross-checked with laser-ablation ICP MS analysis of the same inclusion.
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Three-dimensional elemental mapping of monazite using
confocal micro-XRF: first steps towards age mapping of

single grains

K. Appel and P. Appel1
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1Christian-Albrechts-Universität Kiel, Ludwig-Meyn Straße 10, 24098 Kiel, Germany

Accessory minerals in rocks are the principal hosts of many trace elements (e.g. Y, REE, U and Th)
in the continental crust. REE patterns of crustal rocks are widely used to unravel the evolution of
the Earth’s crust, the decay of U and Th to Pb is used for age dating of metamorphic and igneous
processes. Thus, a wealth of geoscientific information can be derived from studying accessory
minerals. Monazite (LREE, Ca,Th,U)PO4 is an accessory mineral which is stable over a wide P-T
(pressure-temperature) range up to ultra-high temperature conditions (T>900◦C) and widespread
in different bulk rock compositions. It incorporates U and Th during growth and accumulates ra-
diogenic Pb with time. While the classical age dating of monazite relies on isotopic compositions
of radioactive and their daughter isotopes, methods based on U-Th-total Pb contents i.e. chemical
age dating [1] can be applied to minerals which do not incorporate Pb during their initial crystalli-
sation. While having higher errors, when compared to radiogenic ages, chemical age dating has
the advantage of a higher spatial resolution and enables theidentification of growth domains with
distinct ages within a grain. Chemical age dating using confocal micro-XRF has been pioneered by
[2] for single point measurements. In this study, we attemptto extend this approach to 3D chemical
age imaging and to combine this information on age with traceelemental data.
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Figure 1: Single point spectrum of monazite in the confocal mode.

Measurements were performed at the micro-fluorescence beamline L at DORIS III, HASYLAB.
The Ni/C multilayer monochromator was set to 21 keV so that U could be detected by L-lines. A 2
mm Al absorber was introduced to reduce the background in thelow energy region. The incoming
beam was focused with the high-energy polycapillary to achieve the smallest possible spot size at
beamline L of 5µm. A second polycapillary half-lens was used on the detection side. Fluorescence
spectra were recorded in a Vortex SDD. The confocal geometryresulted in a detector acceptance
of less than 10µm in the energy range with the emission lines of interest (Pb-L, Th-L and U-L). A
depth scan of a reference sample shows good correlation of measured with actual thickness. Detec-
tion limits, at the position of maximum fluorescence intensity, showed to be below 3 ppm for most
elements at a live time of 1000 sec. 2D elemental maps on monazite were performed in five layers
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with 5 µm step sizes in either direction and a sample time of 10 sec perpoint (Figure 1). Peak areas
were fitted using PyMCA [3].
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Figure 2: Elemental distribution map of the top layer of a polymetamorphic monazite grain (Uganda) in a
matrix of minerals. The core of the monazite shows an age of 2.6 Ga and the rim an age of 0.6 Ga. The
size of the image is 305 (h) x 200 (v)µm2. The number indicates the maximum intensity of the respective
element.

[2] showed that chemical ages using confocal micro-fluorescence can be calculated from fluores-
cence intensities of Pb, Th and U using the Ranchin formula:

Ageref =
kPb · IPb

kU · IU + 0.36 · kTh · ITh

The parameters kx can be retrieved iteratively by measurements of a referencesample. In this study,
we used the reference sample F6, a monazite from Madagaskar with homogeneous age of 560 Ma.
The result ages varied from 557 ±40 Ma. The method was appliedto a sample from Uganda with a
polymetamorphic history. The monazite shows a pronounced chemical zoneation from rim to core
(Figure 2). Lead is high in the inner part and Th contents are highest in the rims. The large differ-
ence in age from core to rim of 2.6 and 0.6 Ga enables a clear differentiation of the growth regions.
From the trace element distribution, it may be concluded that the composition of the monazite is
linked to the metamorphic events. The achieved precision inchemical age dating is sufficient to
distinguish between mineral zones with clearly different and old ages but needs to be enhanced for
younger samples.
Reproducibility can be improved by the use of a minimum of three different age reference mon-
azites which will allow an explicit determination of the parameters. Another approach is to cal-
culate the ages using concentrations of Pb, Th and U instead of peak areas. Besides precision of
age determination, improvements are expected from higher resolution in the sub-micrometer range.
This will be tested in an upcoming experiment at ID22NI.
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Cs2CuSi5O12 – phase transition? 
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We have recently revised the ambient temperature crystal structure of the synthetic leucite analogue 
Cs2CuSi5O12 [1] using high resolution synchrotron X-ray and neutron powder diffraction. This has 
the Pbca crystal structure with Si and Cu completely ordered over the tetrahedral T-sites (T1 = Cu, 
T2-6 = Si). The Cs2CuSi5O12 lattice parameters are:- a = 13.58943(6)Å, b = 13.57355(5)Å and c = 
13.62296(4)Å. As a, b and c are so close it was thought that if this sample were to be heated the 
crystal structure may undergo a phase transition to a higher symmetry space group and/or to a 
structure with some T-site disorder.  

High-temperature synchrotron X-ray powder diffraction data were collected on this sample using 
the STOE furnace attachment on the DORIS-III B2 beamline. A synchrotron X-ray wavelength of λ = 
0.68806Å was used. Data were collected approximately every 30 minutes, using the OBI image-plate 
detector, in temperature increments of 2K as the sample was heated and cooled between 313-353K. 
Figures 1 and 2 show plots of these powder data on heating and cooling. Figure 1 shows that a 
transition from the low temperature region to the high temperature region takes place between 329-
335K on heating, the powder data show a shift to lower 2θ values. Figure 2 shows that this 
transition is reversible on cooling but takes place between 321-315K. 

Rietveld [2] refinement using FULLPROF [3] showed that all data could be fitted with the Pbca 
structure with ordered T-sites. No changes in space-group or cation ordering could be observed. 
Two-phase refinements were done in the transition regions. Figure 3 shows a two-phase Rietveld 
difference plot for the 333K heating data. Figure 4 shows how the unit cell volume changes between the low 
and high temperature regions on heating and cooling. 

  
Figure 1: Heating data. Figure 2: Cooling data. 

 

Even though the ordered Pbca structure is seen at all temperatures, the crystal structure becomes 
more distorted in the high temperature region. The distortion gets more pronounced on cooling 
before reverting to the less distorted low temperature structure below the transition region. Figure 5 
shows the distorted crystal structure on cooling at 321K, compare with Figure 6 which shows the 
crystal structure on cooling at 315K. Note the increasing distortion of the framework channel 
containing Cs+ cations and of the SiO4 and CuO4 tetrahedra are at 321K compared to the 315K 
structure. 

-38-



 
 

Figure 3: 333K two-phase refinement. Figure 4: Variation of cell volume with temperature. 

  
Figure 5: 321K cooling structure. Figure 6: 315K cooling structure. 

Large turquoise spheres = Cs1, large maroon spheres = Cs2, brown tetrahedra = CuO4, blue tetrahedra = SiO4. 
 
Conclusions. 
 
An unexpected change in the crystal structure of Cs2CuSi5O12 is seen on heating. No changes in space-
group or cation ordering could be observed, the ordered Pbca crystal structure is seen between 313-
353K. However, there is a change to a more distorted structure with a larger unit cell volume on 
heating between 329-335K. The distortion increases on cooling before reverting to the less distorted 
structure with a smaller unit cell volume on cooling between 321-315K.  
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Nanostructuring during wetting and evaporation of a
colloidal thin films
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The wetting and flow behavior of nanoparticle and (bio)polymeric solutions and blends on solid
substrates is crucial for their application in many technological fields, e.g. optical coatings, or data
storage applications. During solution casting, the nanostructuring takes place at the triple phase
contact line air-solution-substrate [1] (see 1a) for an optical micrograph) and involves complex
hydrodynamic processes. In our approach here we used a combinatorial high-throughput approach
to investigate a solution cast gradient consisting of colloidal gold nanoparticles on top of a silicon
substrate by means of a 300nm-sized X-ray in combination with grazing incidence small-angle
x-ray scattering (nanoGISAXS) [2].
To apply unsupervised classification, we divided the data set into classes based on the Euclidean
distance as similarity measure. To initialize the iterative clustering, we have chosen randomly
selected out-of-plane (oop) scans I(qy). Assuming six potential classes j = 1...6, we discriminated
the logarithm of the intensity ln(I(qy)) by

σ2
j =

∑
qy

[ln(Iy(qy))− ln(Ij(qy))]
2 , (1)

with Iy(qy), -0.3 nm−1 ≤ qy ≤ 2.9 nm−1, denoting the oop-scan at position y.
At each iteration step, the oop-scans are assigned to the class having the largest similarity, i.e.
smallest σj . Then, new mean class representations (mean oop-scans) are calculated. The iteration
is repeated, until none of the mean oop-scans changes significantly. This leads to the clustering in
1b).
For manual quantitative analysis, we based the next step on the division into classes obtained from
unsupervised classification. For each eighth oop-scan the structure and morphology of the domains
was extracted, using

I(qy) = M(qy) + SF (qy) + PFF (qy), (2)

where M(qy) denotes the Gaussian resolution function for the beam, SF (qy) an experimental
Lorentzian structure factor

SF (qy) ∝ 1

1 + 4 · ((qy − qmax)/ω)2
, (3)

with ω its width. PFF (qy) is the particle form factor for spheres with a nominal diameter of 5 nm.
This allows for extracting the most-prominent in-plane length scale ξ via ξ = 2π/qmax. The result
of the manual analysis is shown in fig. 1c) as diamond symbols.
For further analysis, we used supervised classification. As can be seen from fig. 1c), we may use ξ
to divide the manually analyzed data into three classes with different ξ:

• class 1: y < 300 µm with ξ1=60 nm
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• class 2: 480 µm < y < 600 µm with ξ2= 350 nm

• class 3: y ≥ 1000 µm with ξ3= 240 nm

Class representations were averaged, and the slopes of the averaged I(qy) in two different qy regions
were evaluated to represent each class i=1,2,3. For any remaining oop scan we used the likelihood
Pi=1,2,3(y) [3] for belonging to one of the three classes defined above to calculate an average ξL(y)
via

ξL(y) = P1(y) · ξ1 + P2(y) · ξ2 + P3(y) · ξ3. (4)

This leads to the red symbols in fig. 1c). In 1d) we display a typical nanoGISAXS pattern showing
the nanostructure in the wetting region.
In summary, we applied classification methods to analyze scanning nanoGISAXS data of a dried
colloidal solution droplet. The manual as well as the classification results agree, with the latter
revealing structural transitions from a frozen colloidal solution to a well-defined domain nanos-
tructure of the order of 100 nm outside the optical rim of the droplet, see fig. 1c). The periodic
change in the nanostructure along the wetting region can be explained by a simplified stick-slip
model. The blue lines in fig 1c) indicate maxima in ξ, agreeing excellently with the results from
classification.

D W

a)

b)

c)

d)

Figure 1: a) Optical micrograph of the droplet rim after deposition with D denoting the droplet and W
the wetting region. b) Results of the unsupervised classificiation. A banded structure for y > 400 µm in
the wetting region is clearly visible. c) Quantitative analysis of the most-prominent length scales ξ in the
scanned region. Black: Manual analysis; red: likelihood-based evaluation of the most-prominent length
scales ξ; Blue: occurence of maxima in ξ based on a stip-slick-model. d) Typical nanoGISAXS pattern in
the wetting region.

References
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Resonant Inelastic X-Ray Emission Measurements of
various 3d-Transition Metal Compounds

W.A. Caliebe
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Resonant x-ray emission spectroscopy (RXES) is a unique tool to measure x-ray absorption near
edge spectra (XANES) with improved energy resolution [1]. Usually, the life-time broadening of
the core-hole limits the energy resolution in conventional XANES, however in RXES, the emission
lines of the excited atom is measured with high energy resolution (better than 2eV) in order to de-
termine the line-shape of the emission lines. If one tunes the incident energy through the absorption
edge and monitors the emission within a narrow bandwidth of a few eV, the life-time of the final
state, which is now a shallower core-hole, dominates the energy resolution. Therefore, different
transitions in the pre-edge region can be separated. However, this type of scan alone can lead into
various pitfalls, since different intermediate states are excited, which lead to different core-hole
interactions. Therefore, it is better to measure the complete emission spectrum at each incident en-
ergy, which is done with the dispersive spectrometer at W1[2] automatically. The absorption scans
can be extracted from these scans by integrating over a defined emission energy-range.
In total, the K-edges of Fe, Co, and Cu in two different oxides and the metal were studied with
RXES by measuring 2p and 3p emission. The extracted absorption spectra show the expected dif-
ferences, which are visible in conventional XANES-measurements. The life-time improved spectra
result in spectra with an apparently better energy resolution, which cannot be obtained at W1.
Another way to look at the data and to extract information about different excitations is to tune
the incident energy below the edge, and to measure emission spectra with good statistics and high
energy-resolution[3]. Different excitations are clearly separated, and it is possible to follow the
transitions if the incident energy is tuned through the edge. This way of looking at the data is also
useful to differentiate among different oxidation states or ligands, as can be seen in figure 1. 1s-2p
emission spectra at the Cu K-edge in Cu, Cu2O and CuO show significant differences.

Figure 1: Comparison of emission spectra of Cu, Cu2O and CuO at an incident energy below the Cu K-edge.

It is planned to analyze the data in more detail with the method developed by Dräger and Machek
[4] in order to retrieve a density of unoccupied states.
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Multiferroics are materials which simultaneously exhibit long range magnetic and electric order. 
Provided there is a sufficient coupling strength, the mutual control of dielectric and magnetic 
properties known as magneto-electric (ME) effect becomes possible. Effects of ME coupling have 
been investigated in TbMnO3 and DyMnO3 already using high energy synchrotron radiation [1,2]. 
Varying multiferroic properties with strong ME coupling have been reported for Eu1-xYxMnO3 [3]. 
The crystal structures of Eu1-xYxMnO3 and TbMnO3 are similar with comparable lattice distortions. 
However, the effect of rare earth magnetism is eliminated in Eu1-xYxMnO3 since Eu3+ (4f6) and Y3+ 
(4f0) ions both are non-magnetic. The polarization flop transition in Eu1-xYxMnO3 has been studied 
for x=0.3 and x=0.4 [4]. The change of the polarization direction from along the a axis to the c axis 
by the application of a magnetic field parallel to the a axis can be fully explained in terms of a field 
induced rotation of the cycloidal spin plane from ab to bc in direct analogy to a classical spin flop 
of an antiferromagnet [4]. Compounds of Eu1-xYxMnO3 with elevated concentrations x ≥ 0.3 reveal 
a ferroelectric polarization coexisting with an antiferromagnetic spiral phase. By contrast, a 
different multiferroic behavior is observed at lower concentration x ~ 0.2. Eu0.8Y0.2MnO3 first 
shows a phase transition at TN=45 K from a paramagnetic to an antiferromagnetic and paraelectric 
state with a presumably sinusoidal collinear AFM structure, in analogy to EuMnO3 and TbMnO3. 
The magnetic structure changes at TC=30 K to weak ferromagnetism, probably due to a cone-like 
structure that breaks inversion symmetry and gives rise to ferroelectricity with the polarization 
along the a-axis (in zero magnetic field) [3].  

Eu0.8Y0.2MnO3 was investigated at beamline BW5 at the DORIS synchrotron radiation source at 
DESY using high energy x-rays with a photon energy of 100 keV. The sample was mounted in a 10 
T cryomagnet with the field direction in the horizontal diffraction plane. The field here can be 
applied either along the beam or along the scattering vector. As monochromator and analyzer SiGe 
gradient crystals were used to maximize flux. Structural superlattice reflections along (0 k 0) and (0 
k l) were found. The temperature and field dependences of the intensity and wave vector of the (0 
4+δ 0)  reflection, with δ~0.5 r.l.u., was investigated. This reflection is a purely structural second 
harmonic superlattice reflection and vanishes at TN. Nevertheless, the associated first harmonic 
magnetic reflection could not be observed.  

Variation of intensity and wave vector with temperature and magnetic field turned out to be very 
interesting. The wave vector varies with temperature and does not lock in into the commensurate 
position. On the contrary, below 20 K, it starts splitting with (0 4.5+/-ε 0). If magnetic field is 
applied, this splitting decreases. In Fig. 1, the field dependence for H||a is shown. Here the two 
reflections become indistinguishable at around 4 T. At this field values, the intensity starts to 
decrease until it becomes too small to be measured at 10 T. For decreasing fields, a strong 
hysteresis is observed both in intensity and wave vector, which do not reach the starting values at 
zero field. Even more, the splitting does not come back. Nevertheless with time splitting appears 
again. The time dependence of these effects needs to be investigated in future in greater detail. 
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Fig. 1: Field dependence of wave vector (top) and intensity (bottom) of the (0 4 +δ 0) reflection as 
function of applied magnetic field. 
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In-situ measurement of the size-growth and the 
development of the polydispersity in a synthesis of 
colloidal nano-suspensions by USAXS using an X-ray 

flow-through device 

F. Westermeier, B. Fischer, C. Gutt, A. Kadenkin and G. Grübel 

Hasylab Deutsches Elektronen-Synchrotron, Notkestrasse 85, 22607 Hamburg, Germany 

Colloidal systems acting as model systems for condensed matter have been thoroughly studied 
during the last decades. Colloidal suspensions can be distinguished by the stabilization of the 
particles and can be divided into ‘hard sphere’ and ‘soft sphere’ systems. Hard sphere colloidal 
particles are sterically stabilized by a polymer coating resulting in a short-range interaction 
potential, whereas soft sphere colloidal particles are stabilized by charged surface groups. These 
latter ones can be considered as “macro-ions” and interact via a long-range, screened Coulomb 
potential. To investigate different scientific questions like the hydrodynamic behaviour of colloidal 
systems or the glass transition, taylor-made model systems are needed. Therefore, we monitored 
in-situ the synthesis process of such a soft colloidal system to get a deeper insight into the evolution 
of the size and size-distribution and the dependence of the synthesis on the temperature. 

A typical synthesis procedure for soft colloidal system is a radical emulsion polymerization. Here 
we investigated the emulsion polymerization of two functionalized methacrylates: the fluorinated as 
well as the silyl-groups are allocating good scattering properties to the nano-particles compared to 
hydrogen and carbon inside the methacrylate making thus possible to investigate also diluted 
suspensions, as it is in the case for the conditions during the synthesis process. The synthesis 
process was carried out at four different temperatures, 47.5, 50.0, 52.5 and 57.5 °C while all other 
parameters of the reaction like stirring speed, mass of educts and reaction volume were kept 
constant. 

To monitor the evolution of size and size-distribution of the nano-particles, we used a flow-through 
device to be able to measure in-situ during the synthesis. For this purpose a circulatory system was 
added to the reaction-vessel were the synthesis took place. This circulatory system consisted of a 
glass capillary, which was placed in the X-ray beam. The capillary was attached to a flexible, 
circulatory tube system including a pump device (a schematic drawing is shown in fig. 1). During 
the synthesis, the capillary was rinsed for five minutes with the reaction mixture followed by a 
pump-stop for five minutes where the reaction mixture was resting in the capillary. During these 
five minutes, the small angle X-ray scattering (SAXS) data were recorded to avoid measuring small 
gas bubbles, which are immersed in the reaction fluid. The experiment was carried out at beamline 
BW4 at DORIS at an energy of 8.979 keV in USAXS-geometry, a marCCD was placed 13.44 m 
downstream of the sample. 

 

Figure 1: Schematic drawing of the circulatory system with the flow-through glass capillary attached to a 
pumping system. 
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The reaction took place in a diluted regime, so that the static structure factor S(Q) of the suspension 
of nano-particles was equal unity. Therefore, the scattered intensity was proportional to the particle 
form factor P(Q) of the colloids. In fig. 2 the background corrected and azimuthally averaged 
scattering intensity is shown for a synthesis carried out at 50.0°C at different times during the 
synthesis procedure.  

Figure 2: Development of the scattered intensity during the experiment at a temperature of 50.0°C. The 
recorded SAXS patterns were background corrected and azimuthally averaged. 

As all measurements were performed in the same glass-capillary, the analysis of the particle form-
factor was highly reproducible. To determine the geometric radius and polydispersity of the 
colloidal particles, a form factor of a sphere weighted by a Schulz-Flory distribution was fitted to 
the Q-dependent scattered intensity. The resulting volumes of the colloidal particles and the size 
distribution are shown in fig. 3. 

Figure 3: Left hand side: Relative volume of the nano-particles as a function of time. Right hand side: 
Development of the polydispersity of the colloidal particles during the synthesis at 47.5, 50.0, 52.5 and 

57.5 °C. 

The speed of the particles' growth is increasing with increasing temperature. The size-distribution is 
decreasing during the synthesis and reaching a value of around 6 % for all syntheses independent of 
temperature. 
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New in situ SAXS/WAXS setup and other 
refurbishments at the ASAXS beamline B1  

U. Vainio, T. Schubert, S. Botta, J. Blume, A. Wacha1, M. Lohmann, Th. Kracht, and R. Gehrke  

HASYLAB at DESY, Notkestr. 85, D-22607 Hamburg, Germany,   1Department of Biological Nanochemistry, Chemical 
Research Centre, Hungarian Academy of Sciences, Budapest, Hungary 

In spring 2009, the anomalous small-angle X-ray scattering (ASAXS) beamline B1 at DORIS III 
was updated by constructing a wide-angle X-ray scattering (WAXS) setup to the full vacuum 
system for a linear MYTHEN strip detector. Figure 1 shows the in situ SAXS/WAXS setup at the 
beamline. The WAXS setup is perfectly adjusted to leave no gap between the SAXS and WAXS 
data. Data from both detectors is collected simultaneously via the online measurement program, 
which controls the detectors through a TANGO device server. Simultaneous SAXS and WAXS 
measurements became a realizable idea due to the possibility to borrow a Pilatus 300k detector 
from the new MINAXS beamline of S. V. Roth and a MYTHEN detector from the DESY detector 
loan pool. The Pilatus 300k covers only a quarter of the flight tube and thus there is space left for a 
WAXS detector without losing any signal on the SAXS detector. The WAXS detector covers an 
angle range from about 6.23 to 30.43°. 

Samples 

SAXS detector 

Reference 
samples 

WAXS 
detector 

X rays

Figure 1. Panorama of beamline B1 in SAXS/WAXS mode with longest sample-to-detector distance of the 
SAXS detector. The distance of the detector can be adjusted by the user with little effort because the system 
is completely automatized. 
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Figure 2. SAXS/WAXS data of a sample at 16 keV photon energy. SAXS was measured at two distances 
(not simultaneously). The distances of the detectors from the sample are shown in the legend. 
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The Matlab based data processing macros were updated to include integration of scattering images 
directly onto a user-defined q range by means of a C routine. New graphical improvements to the 
macros also made the data quality control easier. A GIT repository 
(http://github.com/uvainio/Beamline-B1-macros) for the code was created, so that users can easily 
access the most up-to-date code and several people can develop the code simultaneously. The data 
analysis routines were also modified to be able to handle data from Pilatus and Mythen detectors. 
Furthermore, during autumn, a stand-alone graphical user interface was created for quick and easy 
checking of 2D Pilatus test data. 

Last minute technical improvements on the beamline were made in December 2009 when a new 
flight tube window was tested for the first time. At 5 keV photon energy the window transmitted 
more X rays than the previous flight tube window, allowing for 35 % increase in intensity on the 
detector. In addition, the raster image visible in the scattering pattern due to a polymer fibre net 
supporting the old window was no longer seen in the new image, since the new window is 
supported by aluminium rods, which coincide more or less with the gaps between modules in the 
Pilatus 300k or 1M detectors. Figure 3 shows the new flight tube window and first test patterns 
compared to the old window. 

 

 

 

 

 

 

 

 

OLD WINDOW NEW WINDOW

Figure 3. Left: New flight tube window in place. Middle: A 10 s test picture at 5 keV of silver behenate with 
the old flight tube window. A raster pattern is seen near to the beamstop in the upper right corner. Right: 
Same conditions with the new window give 35 % more intensity and no raster pattern. 
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Grazing Incidence Wide Angle X-ray Scattering at 
Beamline BW4 of DORIS III  

J. Perlich, J. Rubeck, S. Botta, M.A. Ruderer1, S. Prams1, P. Müller-Buschbaum1, S.V. Roth, and 
R. Gehrke 

HASYLAB at DESY, Notkestr. 85, 22603 Hamburg (Germany) 
1 TU München, Physikdepartment LS E13, James-Franck-Str. 1, 85747 Garching (Germany) 

The development of novel material systems in the application as thin films or isolated surface 
structures on top of a solid support has gained increased interest. Besides the morphological 
properties of these materials, most of their applications are defined by physical characteristics of 
electrical, optical or mechanical nature. By means of X-ray scattering the morphology is commonly 
characterized with GI(U)SAXS at BW4 [1, 2]. However, further characteristics like the electrical 
material properties are mainly governed on atomic scale by the arrangement of atoms in a crystal 
lattice. In order to obtain such a thin film information X-ray scattering measurements at large 
scattering angles are necessary. Grazing incidence wide angle X-ray scattering (GIWAXS) 
corresponds to an X-ray diffraction method, which is, because of the measurement geometry, 
perfectly adapted for the investigation of the crystallinity of surfaces and thin films. 

The GIWAXS experimental setup of the recent upgrade at BW4 is shown in Figure 1. The accurate 
sample orientation to the incident X-ray beam is provided by a combined sample stage including 
the translational movement in all three directions as well as sample rotations around those three 
axis. In comparison to the conventional GISAXS setup, the MarCCD 165 area detector is placed in 
a reduced distance behind the sample enabling the sufficient recording of X-ray scattering at wide 
angles. Distances down to 0.1 m can be applied. The CCD is mounted on a combined translation 
stage for vertical and horizontal movement, enabling a complete removal out of the beam pathway, 
required for the sample alignment, and the selective positioning of the scattering pattern on the 
detector. More flexibility is provided by the moveable beam stop frame in front of the detector, on 
which a rod-like beam stop is fixed shielding the primary beam and the small angle X-ray 
scattering signal (GISAXS signal) at the GIWAXS measurement. A motor-controlled adjustable 
knife edge is mounted above the sample surface in order to reduce the scattering background.  

 

Figure 1: Photograph of the GIWAXS setup at BW4. The MarCCD 165 detector is positioned at the sample-
to-detector distance DSD. 

To establish and prove the feasibility of GIWAXS at BW4, we applied this technique to a variety of 
different samples. Here we present the sample of a thin film of the conjugated and conducting 
polymer poly(3-octylthiophene) P3OT on top of a pre-cleaned glass slide [3]. P3OT belongs to the 
family of poly(3-alkylthiophene)s, which have a structure similar to hairy-rod polymers and form 
semicrystalline films with crystalline domains embedded in an amorphous matrix. The sample was 
measured with the experimental GIWAXS setup shown in Figure 1 with DSD = 125 mm at a 
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wavelength λ = 0.1381 nm and an angle of incidence of the primary beam with respect to the 
sample surface αi = 0.2°. The recorded two-dimensional wide-angle scattering pattern is presented 
in Figure 2. Due to the large density of crystallites the GIWAXS pattern clearly indicates the 
presence of four peaks corresponding to the (100), (200), (300) and (010) diffraction peaks of the 
P3OT structure, which are strongest in the vertical direction. This indicates that the P3OT film has 
a well-organized structure with planar P3OT stacks oriented along an axis perpendicular to the 
substrate. In addition, the broader powder-like ring structure in the intensity distribution results 
primarily from the silicon oxide of the glass slide substrate. 

 

Figure 2: (Left) GIWAXS pattern of the thin film of P3OT on glass. (Right) Scattering curves logI(q) 
obtained by azimuthal integration: azimuthal ranges of 0°-5° (dashed line) and 85°-95° (solid line). 

Figure 2 also shows the one-dimensional scattering curves obtained by azimuthal integration of 
radial slices from the GIWAXS pattern. The scattering curve obtained by azimuthal integration in 
vertical direction is more pronounced than the scattering curve in out-of-plane direction. Therefore, 
the grazing incidence wide angle X-ray scattering shows that the film is ordered vertically with 
respect to the substrate surface and highly anisotropic. The vertical ordering corresponds to the π-π 
stacking between adjacent rod-like polymer backbones perpendicular to the substrate that self-
organize into a lamellar supramolecular assembly or crystalline domains [4]. The (100) diffraction 
peak and the corresponding higher order (200) and (300) diffraction peaks of the P3OT structure 
can be assigned to the lamellar repeating unit a = 2.3 nm. The (010) diffraction peak corresponds to 
a repeating unit b = 0.4 nm oriented perpendicular to a and hence the distance between neighboring 
alkyl group within the lamellar assembly (i.e. intraplanar spacing). Although the structures a and b 
are perpendicular to each other within each crystalline domain of the thin film, the orientation of 
different crystalline domains with respect to the sample surface has a certain angular distribution 
yielding the anisotropic GIWAXS scattering pattern. 

In summary, the recent upgrade of X-ray scattering techniques at the beamline BW4 results in the 
availability of GIWAXS for the measurement of dedicated samples in reflection scattering 
geometry. The successful establishment and feasibility of GIWAXS at BW4 is illustrated with the 
measurement of a thin film of P3OT by this technique. With the presented GIWAXS setup 
employing the MarCCD 165 area detector in a centered position around the primary beam a q-
range up to 25 nm-1 (corresponding to 0.25 nm in real space) is accessible with a resolution of Δq = 
0.03 nm-1. Since the MarCCD detector is moveable in vertical and horizontal direction an extension 
of the accessible q-range is also possible. Given the maximum offset of the detector perpendicular 
to the X-ray beam, the smallest probable length decreases to 0.12 nm [3]. 
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Large Offset Monochromators at P03 and P08 
 

J. Horbach 
FS-BT, Desy Hamburg 

The canted undulator photon beamlines P02 and P03 (sector 2) at PETRA III are separated by 5 mrad 
between the photon beams in the horizontal plane. To provide enough space for the experiments the 
beam paths are separated along the vertical plane. The Large Offset Monochromator (LOM500) at 
beamline P03 displaces the white beam of this beamline by a vertical beam offset of 0.5 m downwards 
[1]. The monochromatic beam passes below the experimental station of P02. The system is designed 
for an energy range of 8-25 keV and a beam position stability of 1 µm at the experimental station. Due 
to the high power density at the first crystal, a liquid nitrogen system for both crystals is mandatory. 
 
The same method is used to separate the canted undulator photon beamlines P08 and P09 (sector 6).  
A Large Offset Monochromator (LOM1250) displaces the monochromatic beam of P08 by a vertical 
beam offset of 1.25 m. As the incoming beam is monochromatic, no cooling system is needed for the 
crystals of the LOM1250. The designed energy range is 5-29 keV. 
 
The Large Offset Monochromator at P03 is equipped with a silicon crystal (Si 111) pair and a 
multilayer pair. The first of the two multilayers is placed in a separate vacuum chamber, 6 m in front 
of the main vessel. The first of the two silicon crystals is placed in the smaller, round chamber of the 
main vessel. The long chamber on the right side contains a precision linear rail to maintain the fixed 
exit photon beam condition. It has a travel range of approx. 2.5 m with a height error smaller +/- 20 
µm and angle deviations smaller +/- 55 µrad (pitch and yaw). All degrees of freedom of the crystal 
systems in the main vessel are controlled by stepper motors. The position of all translations and 
goniometers is controlled by high resolution optical encoders. A multi-axis piezo driven table is placed 
below the second crystal and multilayer system to compensate deviations in height and angle while 
moving the system along the rail. The LOM500 is in use since March 2010.  
 
  

 
 

Figure 1: 3D model of the Large Offset Monochromator (LOM500) at beamline P03. The 
monochromatic photon beam enters the LOM500 from the left at a beam height of 1.40 m and exits 

the system at a beam height of 0.9 m. 
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Figure 2: Crystal optics (Si 111 crystal and multilayer) mounted on the translation stage. The cable 
guide (flexible metal sheet) for electric cabling is located on the left side of the axis, the wire rope 

guide for the flexible LN2 pipes on the right side. 
 
The LOM1250 at P08 is the first large offset monochromator built at Petra III and is in use 
since Octobre 2009 [2, 3, 4]. The main difference compared to the LOM500 is that for the 
LOM1250 both silicon crystals are moved by linear translations with travel range of approx. 
1.5 m. This is due to the large vertical offset of the beam by 1.25 m and the larger energy 
range compared to the LOM500. Although we achieved reasonably good beam stability at the 
experimental station with this device, it is equipped with a beam stabilization system. As both 
crystals are mounted on piezo tables it is possible to compensate deviations in pitch, roll and 
height due to long term drift of the mechanical setup of the LOM1250. As high flux of the X-
ray beam is required, the system shows the possibility to measure the deviation of the X-ray 
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Figure 3: Schematical drawing of the LOM1250 at Beamline P08. 
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beam without attenuation due to X-ray beam position monitors. This option is realized by a 
laser beam which points parallel to the X-ray beam passing the LOM1250. The laser beam 
has a horizontal offset of 40 mm relative to the X-ray beam and is reflected by the silicon 
crystals. A feedback signal for the piezo actors below the crystals is provided using a 
transparent screen with a reticle in the middle of the LOM1250 vessels and two laser beam 
position monitors behind the LOM1250. Tests with the laser system showed the feasibility of 
this stabilisation approach. Further measurements have to be done to investigate the influence 
of temperature change on the mechanics of the laser coupling. 
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CVD Diamond Screens for PETRA III Beamlines 

M. Degenhardt, U. Hahn and H. Schulte-Schrepping 

Deutsches Elektronensynchrotron DESY, Notkestr. 85, D-22603 Hamburg, Germany 

 

The PETRA storage ring at DESY has been upgraded to the third generation synchrotron radiation 
source PETRA III [1]. CVD Diamond screens have been installed in each frontend [2]. During the 
installation and checking phase they served as screens for an alignment laser system. In the 
commissioning and operation phase they serve as fluorescent screens for the synchrotron radiation. 
A laser beam can be fed into the frontend vacuum system via a view port and a switchable mirror 
(See figure 1). Two CVD screens can be moved into the beam path and serve as screens for the 
monitoring of the laser beam using cameras. Each screen is provided with a reticule to indicate the 
middle axis of the beamline and to identify the vertical and horizontal directions. The correct 
alignment of the frontend components has been verified for each frontend using this system. The 
slit systems have been checked for functionality and have been centered (See figure 2). 

 

 

 

 

 

 

Figure 1: Components of a standard PETRA III frontend 

 

a)  b) c) d) 

    

Screen #1 Screen #2 Screen #2 Screen #2 

 
Figure 2: Centred laser spot on a) Screen #1, b) Screen #2 with both slit systems fully open, b) Screen #2 

with limitation of the beam by the first slit system (vertical), c) Screen #2 with limitation of the beam by the 
second slit system (vertical and horizontal) 

After this prealignment, the quick and easy commissioning of the frontend with the undulator beam 
is guaranteed. Figure 3 shows a series of images demonstrating the successive alignment of the 
undulator beam within the frontend. Live images of the screens are available in the machine control 
room. This makes it easy for the control room operators to center the undulator beam in the 
frontend by steering the positron beam in the storage ring. 
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Figure 3: Alignment of the undulator beam in the prealigned frontend of beamline P09                                  

a) Bending magnet radiation, b) Bending magnet and undulator radiation, c) ongoing alignment, d) properly 
aligned undulator beam 

Since the luminositiy of the CVD diamond screens is strongly energy dependent (see figure 4), it is 
not easy to make conclusions on the power distribution of the white beam by looking at the images.  

 
Figure 4: Spectral luminosity of the CVD diamond screens used at PETRA III. Data taken at ESRF, ID6 

The screens are also in use in the monochromatic parts of the beamlines. Here, they are powerful 
tools for the commissioning of monochromators and other optical elements like slit systems and 
mirrors. As an example, images taken while commissioning the large offset monochromator at 
beamline P03 are shown in figure 6. For the setup see figure 5.  
 
 
 
 

                            
 
 
 
 
 

Figure 5: Positions of the screens at the large offset monochromator at P03 
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The images a) and b) show the white undulator beam in the frontend of beamline P03 (see also 
figures 1 and 3). Image c) shows the third harmonic (13 keV) behind the first crystal of the large 
offset monochromator at a distance of 54 m from the undulator. In image d) the first crystal was 
slightly detuned.  The screen shown in figure e) is located behind the second crystal, 59 m from 
undulator.  

a) b) c) d) e) 

    

 

Screen #1 Screen #2 Screen #3 Screen #3 Screen #4 

 
Figure 6: Screens at beamline P03 (see also figure 5) 
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X-ray diffraction study of electric-field-induced 
structural distortions in Li2H2PO4 single crystals  

S.Wagner1, O. Schmidt1, M.Tolkhien2, L. Bohatý3, U. Pietsch1 

1Solid state physics department, University of Siegen, Siegen, Germany                                    
2Deutsches Elektronen-Synchrotron DESY, Notkestrasse 85, 22607 Hamburg, Germany                       

3Institute of Crystallography, University of Cologne, Cologne, Germany 

An external electric field applied to a piezoelectric crystal induces both, a change of the 
crystal lattice parameters (external strain) and a shift of the atomic positions within a unit cell 
(internal strain). The first phenomenon results in the macroscopic deformation of a crystal 
under an external electric field and is known as the converse piezoelectric effect. The second 
phenomenon is associated with the dielectric polarization of the crystal media. Although both 
phenomena are well studied on the macroscopic level, there is still a poor understanding of 
their origin on the atomic scale. Since the last few years the internal strain of different crystals 
is under intensive investigation using methods of precise X-ray structure analysis and high 
intensity of the synchrotron radiation beam for measuring the tiny differences of Bragg 
diffraction intensities with and without an applied external electric field [1] (see Fig. 1). From 
the study of the relative change in the integrated intensities of different X-ray reflections due 
to the external electric perturbation it is experimentally possible to obtain the information 
about the atomic displacements within the unit cell [2]. At the same time the macroscopic 
homogeneous deformation of the crystal is simultaneously visible as a small shift of the 
rocking curve position [3]. 

The crystal structure of LiH2PO4 (lithium dihydrogen phosphate) belongs to the space group 
Pna21 and consists of PO4 and LiO4 tetrahedra linked together by oxygen atoms. In the 
present work we performed an X-ray diffraction study of this crystal under an applied external 
electric field. In particular, we determined the piezoelectric constants and probed the internal 
structural deformation of LiH2PO4. We used two crystal plates cut parallel to the (011) and 
(20-1) Miller plane. The electric field was always applied perpendicular to the plates. 

The method of X-ray determination of the piezoelectric constants was described elsewhere 
[3]. It employs the modulation-demodulation technique [1-3], allowing for the quasi-
simultaneous measurement of Bragg reflection under positive, negative and zero states of 
applied high voltage. The piezoelectric constants, dijk, calculated from measured shifts of ω-
rocking curve positions agree well with the piezoelectric constants determined by static 
methods applying uniaxial stress in different directions [4]. 

From the observed changes of diffraction intensities we calculated the atomic rearrangement 
in LiH2PO4 induced by an external electric field. Applying an electric field of the magnitude 
E011 = 4.41 kV/mm and E20-1 = 5.36 kV/mm the relative change of the integrated intensity of 
some reflections reached values up to 1.5%, as shown in Fig. 1 for the -11,7,0 reflection. In 
total, about 103 sensitive reflections were collected and used in the least-square refinement of 
the displacements of atoms from their field-free positions. These calculations were based on 
the formalism presented in the work [2]. The obtained structural modifications were 
characterized in terms of the induced deformation of the PO4 and LiO4 structural units, see 
Tab. 2 and Fig. 2.  

As a result, we obtained that the LiO4 tetrahedra are about by a factor of 1.7 more sensitive to 
an applied electric field than the PO4 tetrahedra. In order to explain this bond-selective 
response of LiH2PO4, we considered the electron density properties of this crystal by using the 
density functional theory (DFT) program package WIEN2k [5]. The characterization of the 
chemical bonds and the calculation of the pseudoatomic charges were performed by means of 
the Bader formalism [6]. The representative of the strength of a chemical bond (electron 
density in the bond critical points, ρBCP) and the pseudoatomic charges are given in Table 2. 
Accordingly, the average electron density in the Li-O bond critical points is 10 times smaller 
than that in the P-O critical points. At the same time the Bader atomic charge of phosphor is 5 
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times larger than the corresponding value for lithium. Considering that the electric-field-
induced force deforming the bond lengths in a crystal is proportional to the atomic charges 
and the resistivity of a bond is proportional to the bond strength, one may conclude that the 
observed effect has its origin in the much weaker ionic Li-O bonds compared to the P-O 
bonds being of covalent interactions. 

 

 

 

 

Table 1. Piezoelectric constants dijk of LiH2PO4 (10
-12

 m/V) measured employing the X-ray diffraction 
technique and determined in the work [4]. 

 X-ray diffraction (this work) dynamic method ([4]) 

d333 5.4(1) 5.2(3) 

d311 0.4(1) 0.2(1) 

d322 0.8(1) 0.4(1) 

d113 0.3(1) 0.5(1) 

d223 3.8(1) 4.9(2) 

 

Table 2. Electric-field-induced average deformation of the P-O and Li-O bond lengths in the PO4 and 
LiO4 tetrahedra, respectively. In addition, the electron density related properties of the P-O and Li-O 
chemical bonds are given. 

 PO4  LiO4 

<|∆∆∆∆(µ-O)|>, 10-5Å 17(6) 25(3) 

<ρρρρBCP>, e/Å3 0.27 0.027 

Q, e QS = 4.12 QLi = 0.87 

 

This work was supported by DFG (SPP 1178 – Experimental charge density determination as 
the key for understanding chemical interactions). 
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Fig.1: Measured rocking curves of a -11,7,0 
reflection of a 0.68 mm thick LiH2PO4 crystal 

plate. The three rocking curves correspond to the 
positive, zero and negative states of the applied 

high voltage, U± = 4 kV. 

Fig. 2: Determined displacements of the P and O 
atoms of the PO4 tetrahedra caused by an 

external electrical field applied in the (011)-
direction. P atoms are purple spheres and O 

atoms are red spheres. 
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Annealing of praseodymia films on Si(111) in UHV
T. Weisemoeller, S. Gevers, D. Bruns and J. Wollschläger
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Rare earth oxides have been studied intensively in the past decades and are of continued interest
for industrial applications and scientific research. Apart from their use in electro-optics, sensor
technology and catalysis, they have been discussed and investigated in the context of microelec-
tronics, where they are researched as buffer material between the mature Si platform and alternative
semiconductors[1, 2, 3, 4].
Pr2O3 deposited by MBE on Si(111) substrates crystallizes in hexagonal structure with (0001) ori-
entation [5]. These films can be transformed to cubic Pr2O3 by annealing in low pressure oxygen [6]
and to cubic PrO2 by annealing in higher pressure oxygen [7].
Here we report on hexagonal Pr2O3 films of 5 nm thickness were grown on clean Si(111) surfaces
by MBE with substrate temperatures of 625◦C. Afterwards, the samples were annealed in 1 bar
oxygen at 700◦C in order to further oxidize the films to cubic PrO2.
These films were analyzed at beamline W1 at HASYLAB using 10 keV synchrotron radiation and
the MYTHEN detector. Before measurements, which were all performed at room temperature and
under ambient conditions, the films were stored at room temperature. Four out of the five films
were also annealed at temperatures ranging from 100 to 300◦C in UHV for 30 minutes each.
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Figure 1: θ-2θ XRD scans of PrO2 samples annealed at different temperatures at UHV. Even at a temperature
of only 100◦C, the oxide film is reduced, as can be seen from the shift of the broad praseodymia Bragg peak
at L ≈ 2. At higher temperatures, the film is reduced further.

GIXRD measurements (not shown here) confirm that all investigated samples keep their cubic
or pseudocubic structure. The results of XRD θ-2θ scans are shown in Fig. 1. All investigated
samples show broad praseodymia Bragg peaks close to the sharp Si substrate peaks at L = 1, 2 and
3. Additional peaks at half integer positions occur due to partially ordered oxygen vacancies in the
oxide film. These additional peaks become stronger for samples annealed at higher temperatures
until 150◦C and vanish for samples post deposition annealed at higher temperatures.
Because the Bragg peak at L = 1 is difficult to analyze due to the interference between the
diffraction signals originating from film and substrate, a more detailed analysis is performed at
L = 2. The praseodymia peaks tend to consist of two subpeaks originating from laterally coex-
isting species [8, 9]. These subpeaks move to smaller scattering vectors for samples annealed at
higher temperatures, pointing to an increased vertical lattice constant due to more oxygen vacan-
cies in the (pseudo)cubic structures. This means that a reduction of the oxide film in UHV already
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takes place at rather low temperatures of 100◦C. This is remarkable because oxidation of hexagonal
praseodymia films on Si(111) only takes place at significantly higher temperatures of 200 - 300◦C
and above [8].
Further experiments to quantify the amount of oxygen in the oxide film are in progress. Because
the investigated films are strained, it is essential to determine the Poisson factor of praseodymia
films. Also, an in situ study of the phase transitions and interface formations of the films is planned
as these are expected to play a major role for the final properties of praseodymia films which act as
a buffer material between Si and alternative semiconductors [10]. Here, a new (GI)XRD analysis
method, which was developed in the context of the current project [11], will be used.
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Introduction  
FINEMET alloys, for the first time prepared in 1988 by Yoshizawa [1], are excellent 
representative of soft magnetic materials. The last review about FINEMET and other soft 
magnetic nanocrystalline compounds can be found in McHenry’s work [2]. Recently Ge has 
been extensively used for replacing Si in FINEMET based alloys [3, 4]. Motivation for this 
kind of substitution is coming from results presented by Corb [5, 6]. He theoretically 
estimated that the magnetic moment of Fe atoms in the bcc lattice with Ge content would be 
greater than in the bcc lattice with the same amount of Si. 

In this work authors present the complete study of the influence of Ge replacement for 
Si in FINEMET based alloy on the structural evolution during thermal loading by in-situ x-
ray diffraction experiments. 
 
Experiment 
Amorphous ribbon alloys with the composition Fe73.5Si(13.5-x)GexCu1Nb3B9 (x = 1, 5, 10 and 
13.5) were prepared by single-roller melt spinning technique. In next part of the text samples 
are shortly referred as Ge1, Ge5, Ge10 and Ge13.5 for x = 1, 5, 10 and 13.5, respectively. 

The structural evolution of investigated samples was studied using in-situ XRD 
measurements performed at the experimental station BW5 at HASYLAB/DESY. Firstly the 
specimen was heated up to 400°C at the heating rate 50°C/min then the heating rate was 
slowed down-to 5°C/min. XRD patterns were collected in a transmission mode in the 
temperature interval from 400°C to 730°C using a 2D Mar345 image plate detector. During 
each XRD measurement the sample was illuminated for 60s by an incident beam of the 
wavelength 0.1239 Å having cross section 1x1 mm2. 
 
Results 
Figure 1 shows temperature progress of diffraction patterns for the Ge5 specimen reflecting 
its structural transformations. After reaching the temperature of 490°C diffraction profile 
sharpen and Bragg peaks are clearly visible. The first crystallization event is indicated by the 
formation of a cubic fcc Fe3Si phase. As the temperature increases intensity of Bragg peaks is 
continuously increasing. After reaching the temperature of 666°C additional small Bragg 
peaks are observed, indicating formation of borides. All other samples (Ge1, Ge10 and 
Ge13.5) reveal similar transformation process when annealed. Figure 2 shows x-ray 
diffraction patterns taken at room temperature after completing heating cycle. Annealed 
samples exhibit the presence of fcc Fe3Si phase and some borides (namely tetragonal Fe2B 
phase was identified and at least one another phase remained unknown). Bragg peaks 
corresponding to Fe3Si phase are progressively shifting towards lower 2theta values with 
increasing amount of Ge in FINEMET alloys. This indicates that the lattice parameter a of 
Fe3Si phase increases with increasing Ge concentration. Since larger Ge atoms gradually 
replace smaller Si atoms in an cubic Fe3Si phase, it leads to the expansion of the unit cell (see  
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table 1). Finally, in the case of the Ge13.5 sample, the phase Fe3Ge was formed. Furthermore 
we focused on the microstructural analysis of investigated Ge-containing alloys. The average 
grain size (see Figure 3) was calculated from broadening of (4 0 0), (4 2 2) and (4 4 0) Bragg 
peaks by using well known Scherrer formula. The average grain size increases linearly 
independent of alloy composition with exception of Ge1 sample. The grain size of Ge1 
sample is about 10 Å greater than in the case of others.  

Sample 
name 

Lattice parameter 
a [Å] 

Ge1 5.6980 ± 0.001 

Ge5 5.7311 ± 0.002 

Ge10 5.7576 ± 0.002 

Ge13.5 5.7723 ± 0.001 

 
Table 1: Lattice parameter a of Fe3(Si,Ge) phase 
for different Ge samples. 

Figure 3: Average grain size of Fe3(Si,Ge) phase 
as a function of temperature. 
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Figure 1: XRD patterns of Ge5 sample obtained at 
different temperatures. 

Figure 2: XRD patterns taken at room 
temperature after completing heating cycle. 
samples after heating cycle. 
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LiBH4-Ni systems 

LiBH4 is a promising hydrogen storage material due to its high hydrogen storage capacity (18 wt% [1]) 
However to desorb the hydrogen, temperatures of more than 400oC are needed which is impractical. In our 
research we combined the use of nanosized LiBH4 with the use of a Ni catalyst to decrease the desorption 
temperature.  During our experiments at Beamline C (grant number I-20080131 EC) we collected EXAFS 
data on the Ni K-edge of LiBH4-Ni supported on a carbon scaffold. Ni (5 wt%) was introduced incipient 
wetness impregnation (IWI)  [2] followed by melt infiltration of LiBH4. The samples were measured as 
prepared, in their de-hydrogenated and rehydrogenated state in order to evaluate the evolution of the local 
coordination around Ni as function of relevant treatments.  

Figure 1 shows the Fourier Transformed data of the different samples. For the Ni/C sample a Ni-Ni 
coordination (CN= 8.09) was found at 2.47 Å. The intensity of this peak decreased drastically after melt 
infiltration indicating that metallic Ni reacted with the LiBH4. The structural parameters of the different 
samples are compiled in Table 1.  

From Table 1, it can be seen that Ni is surrounded by B and Ni atoms.The Ni-Ni coordination number 
decreased after melt infiltration, which indicates that Ni reacted to the borate during melt-infiltration. 
Apparently the bond lengths were invariant with the treatments however the the coordination numbers of Ni-
B and Ni-Ni did vary. Due to the small difference in bond lengths between the diffent Ni-B phases (NiB, 
Ni2B and Ni3B) it is difficult to determine which phases were formed. However it is obvious that Ni and B 
reacted already after melt infiltrationand formed a Ni-B compound which could not be be detected by XRD 
and TEM. 

Table 1 Local structure parameters including neighbor type, interatomic distance   (R) and Debye-Waller 
factor (σ2) for Ni in the 5 wt.% on carbon and LiBH4-Ni/C system at different states. The fit is optimized 
with Δk=3-13 Å-1 and ΔR=1.2-3.0 with the k-weighting parameter of 2.  
 

k2-variance Samples Shell N Δσ2

(10-3 Å2)
R 

(Å) 
ΔE0
(ev) Abs. Img. 

5 wt.% Ni on carbon Ni-Ni 8.09 1.46 2.474 0.03 0.09 0.11 
Ni-B 4.62 1.62 2.073 10.72 Melt infiltration 
Ni-Ni 4.16 5.83 2.471 7.88 

0.06 0.28 

Ni-B 5.28 2.56 2.072 11.43 Dehydrogenated 
Ni-Ni 3.38 6.03 2.476 8.44 

0.03 0.25 

Ni-B 3.75 2.19 2.073 11.92 Rehydrogenated 
Ni-Ni 6.85 9.08 2.459 9.38 

0.08 0.28 

Mg-Ti systems 

Our EXAFS experiments at Beamline A1 (proposal number II-20090124EC) were performed on Pd capped 
Mg-Ti multilayer thin films which are interesting model systems for hydrogen storage. This system was 
chosen because Mg and Ti are immiscible in bulk materials as a result  of their positive enthalpy of mixing. 
However, during a non-equilibrium process, such as magnetron sputter deposition, they can form metastable 
alloys. The Mg-Ti-H is an interesting system for both scientific research and applications [3,4]. In a recent 
optical, electrical and structural study on co-sputtered Mg-Ti thin films, a model was proposed in which this 
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metastable alloy is suggested to be composed of chemically segregated Mg and Ti domains, with a coherent 
crystal structure [5]. The aim of our EXAFS study is to investigate the local structure around Ti in Mg-Ti 
multi-layers with an identical overall composition but with different thicknesses of the individual Ti and Mg 
layers. In this way we hope to establish the critical thickness at which individual Ti layers can be discerned. 
Below this critical thickness the multilayer will develop the same disorder parameter as the co-deposited thin 
film (see below).  

 

 

 

 

 

             

          

 Figure 1 Magnitude and Imaginary part of the phase-
uncorrected Fourier transformed (FT) χ(k) for 5 wt.% 
Ni on carbon, LiBH4-Ni/C after melt infiltration, 
dehydrogenated and rehydrogenated states. 

Figure 2 Magnitude and Imaginary part of 
the phase-uncorrected Fourier transformed 
(FT) χ(k) for Mg-Ti multilayer thin films, 
together with the co-deposited Mg60Ti40 thin 
film of the as deposited state.   

 

 

From Figure 2, it can be seen that the amplitude of FT decreases when lowering the individual thickness of 
Ti and Mg. It shows that the intensity of the Ti-Ti contribution at about 2.6A decreased going from 25 to 85 
Ti layers while it did not change much going from 85 to 200 multilayer samples. The co-deposited sample 
Mg60Ti40 closely resembles the last group. From the Ti-Ti and the Ti-Mg coordination number we have been 
able to calculate the Chemical Short-Range Order (CSRO) parameter, ‘s’[6]. For a MgyTi1-y thin film: 

 

yNN
N

s
TiTiMgTi

MgTi

)(
1

−−

−

+
−=  where NTi-Mg and NTi-Ti are the coordination number of Mg and Ti, respectively. If s = 0, 

Mg and Ti are randomly distributed. When s=1, Mg and Ti are completely segregated. 

Using EXAFS, we obtained the coordination number of NTi-Mg and NTi-Ti around Ti, and thus the s value can 
be obtained. For perfect multilayer thin films, there is no Ti and Mg mixing and the s value is 1. But when 
lowering the thickness of Mg and Ti, the interface intermixing will become more important thus lowering 
the s parameter. By comparing the s values of different samples, we know at which thickness of individual 
layer of Ti and Mg, the multilayer samples obtain the same disorder as the co-deposited Mg60Ti40 samples. In 
those samples the s value has been determined to be 0.2 ~0.4 depending on the composition [6]. 
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Using extended X-ray absorption fine structure, the origin of high glass forming ability (GFA) for the 

ternary Fe–Y–B system has been successfully correlated with local atomic structure. It is confirmed that the 

incorporation of minor large-sized Y atoms promotes the formation of complex B6(Fe,Y)23 phase, 

compared with Fe3B phase in the Fe–B binary alloy. With further addition of Y (up to 6 at.%), excessive 

internal strain leads to the distortion of B6(Fe,Y)23-like phase and eventually favors the formation of 

amorphous state during solidification. Consequently, GFA increases from 0.025mm Fe78B22 thin ribbon to 

2mm Fe72Y6B22 rod. 
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Introduction and the aim of experiment

Crystallographic  textures  and  microstructures  of  metals  can  be  significantly  influenced  by 
subjecting a metal to severe plastic deformation processes such as swaging and equal channel angle 
pressing  (ECAP).  These  processes  lead  to  substantial  grain  refinement  and  corresponding 
enhancement  of the mechanical  properties.  Some researches were carried  out to study the bulk 
texture development during swaging of Cu-based materials  [1]. However,  the bulk texture after 
swaging  does  not  clarify  whether  the  texture  is  completely  destroyed  at  a  certain  deformation 
degree.   Therefore,  the main aim of the present experiment  is to study the texture gradients in 
swaged pure copper using synchrotron radiation due to its advantages over neutron diffraction [2]. 

Experiment

The present experiment was conducted at DESY (beamline Harwi-II) with a fitted wavelength of 
0.1269Å (97.7 keV) and sample to detector distance of 1500 mm. The wavelength was determined 
using the diffraction pattern of Zn powder and then fitted by Maud [3] as shown in Fig. 1. 

Three samples were prepared as listed in Table 1. The synchrotron beam was transmitted through 3 
different positions on the sample as shown in Fig. 2.

Table 1, Sample conditions, sizes and positions

Sample No. Condition Sample size Measurement positions (Fig. 2)
1 As-received  with  diameter 

of 25 mm
2 x 2 x 25 mm3 Position 1 = 1 mm

Position 2 = 7 mm & Middle
2 Swaged  with  deformation 

degree (φ) of -0.175
2 x 2 x 22.9 mm3 Position 1 = 1 mm

Position 2 = 6 mm & Middle
3 Swaged  with  deformation 

degree (φ) of -1.008
3 x 3 x 15.1 mm3 Position 1 = 1 mm

Position 2 = 3.5 mm & Middle 

Fig. 1: Sum diffraction pattern fitted by 
Maud program of Zn powder

Fig. 2: Sample position  

Synchrotron beam                Position 1
                Position 2

Middle
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Results

The (111) Pole figures of as-received and swaged pure copper are presented in Fig.3. The center of 
pole figures is the swaging direction. 

Sample Position 1 (see Table 1 ) Position 2 (see Table 1 ) Middle

1

As-
received

Pmax = 4.2 m.r.d Pmax = 4.3 m.r.d Pmax = 5.4 m.r.d

2

Swaged
(φ = -0.175)

Pmax = 4.5 m.r.d Pmax = 6.0 m.r.d Pmax = 6.9 m.r.d

3

Swaged
(φ = -1.008)

Pmax = 9.3 m.r.d Pmax = 11.6 m.r.d Pmax = 11.0 m.r.d

Fig. 3: (111) Pole figures of as-received and swaged pure copper

It is observed that the material consists mainly of the <111> fiber parallel to swaging direction in 
the  middle.  Furthermore,  the  sharpness  was  increased  by  increasing  the  deformation  degree. 
However, the textures were significantly destroyed at position 1 (1 mm deep) after swaging with a 
deformation degree of φ = -1.008. That is why the maximum pole densities decreased at position 1 
compared to position 2 and the middle. 
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Introduction and the aim of experiment

Seamless tubes are used for various mechanical applications (e.g. for plumbing, heating systems,
…),  usually  produced  by  extrusion  followed  by  several  cold  drawing  steps  to  reach  the  final 
dimensions.  The  precision  of  drawn  tubes  strongly  depends  on  their  process  conditions,  here 
especially on geometry of the tools used. They influence the material flow being inhomogeneous 
over circumference because of deviations of wall thickness and can be characterized by geometrical 
data and their stress and texture behaviour.
The aim of this test experiment was to find out whether crystallographic texture can contribute to 
describe and understand inhomogeneities. One needs on one hand a method with high penetration 
power  for  some mm thick  Cu tubes  and on the other  hand a  local  resolution  good enough to 
describe a texture gradient aver the wall thickness. Previous investigations on extrude Mg [1] and 
Mg-alloys after equal channel angular pressing (ECAP) [2] have shown the great potential of hard 
X-rays for texture gradient measurements.

Experiment

The present experiment was carried out at the high energy beamline BW5 with a fitted wavelength 
of 0.1239Å (100 keV) and a sample to detector distance of 1447 mm. From a Cu tube a ring of 
4mm length was cut. Due to the variation of the wall thickness three small cubes were prepared 
with 3x3x4mm³, one at maximum thickness, one at minimum thickness and one on the middle part 
(see figure 1a). Figure 1b shows the sample preparation of all three samples, which were glued to 
one arrangement. Top, middle and bottom part were measured for each sample using a beam size of 
1x1mm². The total beam time for one complete texture analysis (one position at one sample) takes 
about 90 minutes using the Mar345 image plate detector.

a b c

Fig.  1a:  Sample  positions  over  the  circumference  of  a  Cu-ring,  1b:  Sample  arrangement  for 
continuous texture analysis of nine individual measurements, 1c: Sketch of the sample presenting 
the inhomogeneity of the Cu-ring  
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Results

In total 36 image plate pictures were needed for complete pole figure, see one example in figure 1a. 
Intensity extraction was carried out by the program package STECA (StressTExCAlculator). The 
quantitative texture was calculated using three Cu-reflections (111), (200) and (220) by the iterative 
series expansion method. In figure 1b a section of the orientation distribution with φ2=45° which 
includes the main texture information.

a  b 

Fig.2a: Example of an image plate picture with strong intensity variation over Debye-Scherrer rings 
Fig.2b: ODF section φ2=45° from φ1= 0  90° and = 0° ϕ  90°, sample S1, position bottom

Comparing  the  quantitative  textures  we  find  firstly  a  remarkable  inhomogeneity  over  the  wall 
thickness at all three positions. In figure 2a the orientation fiber = 0°  ϕ  90° with φ1=0° and 
φ2=0° is shown for sample 1. One can see clearly the intensity variation of the orientation fibers 
resulting from inhomogeneous materials flow during tube processing. Secondly, a texture gradient 
exists also over the circumference of the Cu-tube as given in figure 2b. It has to be pointed out that 
in both cases the inhomogeity varies for sample position S1, S2 and S3 and also for top, middle and 
bottom position.

a      b 

Fig. 3: Inhomogeneity of the wall thickness (a) and over the circumference 
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Using time resolved excitation spectroscopy we studied the dependence of charge-transfer (CT) and 
exciton emissions on the dimension of Y2O3-Yb nanoparticles. Luminescence and scintillation 
properties at the nanoscale are a very interesting subject in terms of potential nanoscintillator 
application. While the optical response of nanostructures under low energy excitation is currently 
studied, the scintillation response under high-energy excitation above the band gap energy was 
barely the object of investigation.   

Nanoparticles have been elaborated by the polyol mediated synthesis method using nitrate 
precursors. The initially obtained powder of Y2O3-Yb is composed of small nanoparticles (<3 nm) 
[1]. The ytterbium concentration in nanoparticles is about 2%. The powder was subsequently heat 
treated at different temperatures, from 400°C to 1000°C. The heat treatment implies a growth of the 
nanoparticles. Those thermal treatments are well below the melting temperature of the pure 
sesquioxides Y2O3 and Yb2O3. The nanoparticles grow respectively to 13 nm, 21 nm, 28 nm, 43 nm 
52 nm and 61 nm  for annealing temperatures of 500°C, 600 °C, 700 °C, 800°C, 900°C and 
1000°C. For each temperature, XRD measurements of particle size were performed. 

Figure 1a presents time-resolved luminescence excitation spectra of 21 nm particles. Excitation 
spectra in the region E ≤ Eg consist of two principal peaks. The spectrum of slow component is in 
good correlation with excitation spectrum of intrinsic luminescence in Y2O3 [2]. The peak at the 
energy 6.2 eV is placed in the low-energy part of the excitation spectrum of UV band in non-doped 
crystals and can be associated with creation of exciton. In agreement with [2], we can conclude that 
the low energy excitation band at 5.5 eV in time integrated and in fast spectra corresponds to the CT 
absorption band.  

In nanoparticles the ratio of intensities of these two peaks differs from that for Y2O3-Yb single 
crystal, and changes with the particle size (see fig. 1b). The variation is not monotonous: for 
smallest particles (13nm) the CT band is more intense than the excitonic peak (the ratio ICT/IEXC is 
about 1.3).  With the increase of the particle size (21 nm) the CT band decreases relatively to the 
excitonic one. For 52 nm NP this ratio falls down to 0.5. However, for the single crystal the CT 
band increases again, ICT/IEXC = 2. We suppose the same concentration of Ytterbium in all samples and 
the Yb sites in Y2O3 matrix are the same as in the single crystal. Therefore, the nature of variation of 
excitation spectra with particle dimensions should be related to the size effect. The quantum size effects can 
be neglected in ionic materials for NPs with dimensions over 10 nm. For particles of intermediate size (less 
than 100 nm) the principal effects are related to energy transfers and light scattering. 

In luminescent nanoparticles the decrease of luminescence efficiency with particle size can be often 
related to the increase of energy losses by energy transfers to the surface states. In Y2O3-Yb the 
spectra of CTL and exciton emission overlap. The transfer to the surface states efficiency must be 
comparable for both excited states. Moreover, with increase of particle size from 13 to 60 nm the 
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average distance between surface and exciton created by VUV photons remains the same, since the 
absorption coefficient for exciton band is about 106 cm-1. On the opposite, the average distance 
from CTL state and surface increases due to the relatively weak CTL state absorption coefficient. 
The discussed phenomenon in Y2O3-Yb nanoparticles is the opposite to the effect induced by the 
surface losses in nanoparticles of intermediate sizes.    
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Figure 1: a (left): Time resolved excitation spectra of 3.5 eV emission of 21 nm nanoparticles: time-
integrated component (continuous blue curve), fast component (open dot magenta curve) and slow 

component (violet points). The values of time gates are indicated in the figure. b: Time-integrated excitation 
spectra for UV (3.5 eV) luminescence of three samples: NP with diameter of 52 nm (red curve), NP 21 nm 

(blue), NP 13 nm (green) and monocrystal [2] (black courve). 

Another possible explanation is connected with the variation of light scattering with particle 
dimensions. The scattering is definitely strong for the investigated samples (they are white colour 
with strong diffusion reflection). The scattering results in the increase of the diffuse reflection and 
therefore the decrease of the fraction of excitation light absorbed by the media.  This effect is much 
stronger in the case of low absorption coefficient (i.e. for the CT band) than in the case of high 
absorption coefficient (i.e. for the exciton band and fundamental absorption range). The scattering 
is directly determined by the ratio of the particle diameter to the wavelength λ. The peak of the 
scattering from the media consisted of particles with diameter d correspond to d~ λ/2π. Therefore, 
the peak of scattering of 5 eV photons corresponds to particle diameters about 50 nm. The 
scattering strongly decreases for smaller particles (the Rayleigh law results in d3 dependence for 
d<<λ/2π ) and for particles with macroscopic sizes (and therefore for single crystal sample). 

At higher energy, the excitation efficiency strongly decreases; it is 10 times less at 10 eV. 
Luminescence intensity starts to increase again above 14 eV. This energy (E>2Eg) can be connected 
with the threshold of multiplication of electronic excitations in Y2O3. Efficiency at 17 eV of 
excitonic luminescence in undoped crystal is close of 80% of excitation at exciton absorption band. 
All nanoparticles demonstrate the good conversion efficiency for energetic photons. For NP 52 nm 
the intensity under excitation by 17 eV photons is higher than the intensity at low energy excitation. 
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Introduction 

Austenitic steels can show high strength and at the same time high ductility due to a particularly 
high work-hardening rate. Especially the twinning induced plasticity (TWIP) is extremely useful for 
the work-hardening effect. Deformation twins increase the work-hardening rate since they are 
considered as resistances for dislocation movements [1,2,3]. 
Cold rolled TWIP steel samples with high manganese content were annealed at various 
temperatures, quenched and deformed plastically at different deformation degrees in a tensile test 
machine. From these samples textures were measured using high-energy synchrotron radiation in 
order to determine texture evaluation and the dislocation density. 

Experimental results 

The global textures investigations of the TWIP-steel samples were carried out at the beam-line 
BW5 at 100 keV. In order to get good grain statistics a sample translation was used that allows to 
increase the diffracted sample volume. The samples were measured in the range -80°80° of the 
orientation angle  in 2° steps using the mar345 area detector. For the evaluation of the data, the 
program MAUD [4] (a combined Rietveld-Texture Analysis) was used to calculate pole figures 
from which the orientation distribution function was calculated [5]. To determine the dislocation 
density all 81 detector images of each sample were add up. This eliminates the influence of texture. 
After that, integration over total image yields a one-dimensional scan from which the peak widths 
could be determined. 

Fig. 1 shows a two-dimensional diffraction image of a TWIP-steel sample. A set of those images 

was used for calculating the orientation distribution function. In fig.2, the texture evaluation at 

different deformation degrees  can be seen. The samples were annealed at 850° C, only 2=45°-

sections are shown.  
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Figure 1: Diffraction 
image of a textured 
TWIP-steel sample. 

 

Figure 2: Texture evaluation in TWIP-steel as a function of 

deformation degree . Before deformation the sample was 

recrystallized at 850°C. The texture is shown in 2=45°-sections. 
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One-dimensional sections through the orientation space show more clearly the texture changes 

during deformation. In fig. 3 the growth of the cube-component can be followed. Fig. 4 shows the 

reduction of the copper-component (at 1=90° ) and the development of a new “inverse” copper 

component (at 1=0°)  with increasing deformation. 

 

 

 

 

 

 

 

 

 

 

 

 

 

In order to get information about the crystallographic deformation mode, the half widths of different 

diffraction peaks - from texture corrected diffraction pattern - were plot against the deformation 

degree (fig.5). The diagram shows that contrary to the assumption that twinning occurs as a 

deformation procedure, crystallographic glide is a main process [6]. In fig. 5 an increase of the peak 

widths can be observed. This was confirmed also by electron microscopy [6].  
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Figure 3: One-dimensional section in 

through the orientation space at 2=0° 

and =0°. 

Figure 4: One-dimensional section in 

through the orientation space at 2=45° 

and =35°. 

Fig.5 Width of several diffraction peaks as a function of the deformation degree. 
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Transparent YAG:Ce optical ceramics (OC) is now being considered as an alternative to single 
crystals (SC) and single crystalline films (SCF) of this garnets for scintillation applications [1]. 
Therefore, we perform at the Superlumi station at HASYLAB in the framework of II-20090087 
project the comparative analysis of the intrinsic and Ce3+-related luminescence of YAG:Ce OC, SC 
and SCF under excitation by synchrotron radiation (SR) in the range of fundamental absorption of 
YAG host. The OC was sintered in vacuum at 1750oC from YAG:Ce nanopowder and then 
annealed at 1350oC in air. The SC was grown from the melt at 1970oC by the Bridgman method. 
The SCF were grown at 970oC by the liquid phase epitaxy from PbO-based flux on YAG substrates. 
The emission spectra of YAG:Ce OC, SC and SCF at 8 K and 300 K under excitation by SR in the 
exciton range at 7.28 eV are shown in Fig.1. Apart from the intensive Ce3+ luminescence in the 
visible range in the doublet band, caused by the 5d1→4f2(2F5/2,7/2) transitions of Ce3+ ions, the 
emission spectrum of YAG:Ce OC at 300 K (curve 2) consists also of the low-intensity bands in the 
UV range peaked at 301, 374 and 394 nm. By analogy with the structure of the intrinsic 
luminescence of YAG and YAG:Ce SC [2, 3] (curve 3), the mentioned UV bands in YAG:Ce OC 
are caused by radiation decay of an exciton localized around YAl AD (LE(AD) centers), 
recombination emission of YAl AD and the luminescence of F+ centers, respectively. The intensity of 
the emission of YAl –related AD centers is at least by three times lower in YAG:Ce OC (curve 2) 
than that in SC (curve 3). At 8 K, the luminescence of self-trapped excitons (STE) in the 260 nm 
band is dominating in the spectra of YAG:Ce OC (curve 1). The emission bands formed by YAl AD 
centers strongly overlap with Ce3+ absorption bands peaked at 340 and 460 nm (indicated by arrows 
in Fig.1). This results in excitation of the Ce3+ luminescence in YAG:Ce OC and SC by the slow 
emission of AD-related centers. Contrary to OC and SC, only Ce3+ ions emit in YAG:Ce SCF in the 
RT range under same excitation due do the completely absence of AD in them (curve 4).  
The excitation spectra of the fast component of Ce3+ emission in the YAG:Ce OC, SC and SCF 
(Fig.1b) consist of the band peaked at 7.98 eV related to the onset of YAG interband transitions; 
the dominant bands peaked in the 6.68-6.885 eV range, corresponding to formation of an exciton 
bound with the Ce3+ ions and the bands peaked at 5.56 and <3,6 eV, related to the 4f-5d1,2 (3T2g and 
2E) transitions of Ce3+ ions [3]. Two other bands peaked at 5.1 and 4.82 eV are observed in low-
energy side of the excitation spectra of Ce3+ emission in YAG:Ce OC. The last band is also 
observed in the excitation spectra of SC (curve 2). The band peaked at 4.74 eV, observed only in 
the excitation spectra of SCF (curve 3), is related to the 1S0→3P1 transitions of Pb2+ flux dopant [2, 3]. 
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Fig.1 (a) - emission spectra of YAG:Ce OC (1, 2), SC (3) and SCF (3) at 8 K (1) and 300 K (2) under excitation 
by SR at 7.28 eV. The emission spectra in the 200-460 nm range is multiplied by a factor of 100. (b) - excitation 
spectra of fast components of Ce3+ emission in YAG:Ce OC (1), SC (2) and SCF (3) at 8 K, normalized on the 
main peak in the exciton range. The position of excitation band of YAl AD in YAG SC is indicated by arrow.  
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Due to the YAl AD presence in different concentration both in SC and OC, the excitation spectra of 
the Ce3+ luminescence in YAG:Ce SC and OC (Fig.1b, curves 1 and 2) show the notable difference 
in the shape in the exciton range in comparison with ones for SCF (curves 3). Furthermore, the form 
of excitation spectra of OC looks like the transition form between the SC and SCF. We also note  the 
different positions of the main excitation maxima in the exciton range at 8 K corresponding to the 
energy of formation of excitons bound with Ce3+ ions in SC (6.68 eV), OC (6.78 eV) and SCF 
(6.885 eV) (Fig.1b, curves 2, 1 and 3, respectively). We also see, that the positions of the excitation 
bands of the Ce3+ emission in OC (curve 1) and SC (curves 2), are shifted to the position of the 
excitation band of the YAl AD luminescence (show in Fig.1b by arrow); i.e., the centers formed YAl 
AD are involved in the excitation of the Ce3+ emission in YAG:Ce SC and OC. Another important 
feature of the excitation spectra of the Ce3+ luminescence in YAG:Ce OC and SC in comparison 
with ones for SCF is presence of the excitation band peaked at 4.68 and 5.12 eV. We suppose that 
these bands can correspond to excitation of the emission of F+ and F- centers because the excitation 
bands of the luminescence of these centers in YAG host are located just in the same range [4]. Thus, 
the F-like centers can be also notably involved in excitation of the Ce3+ emission both YAG:Ce OC 
and SC. Namely, the main maxima of F-centers luminescence in YAG host (460 nm) strongly 
overlap with Ce3+ 4f-5d1 absorption band peaked just in the same range. 

This conclusion is also confirmed by the decay kinetics of the Ce3+ emission under excitation in the 
interband transition ranges in comparison with ones for SCF (Fig.2). Under excitation by SR with 
an energy of 3.71 eV in the 5d1 Ce3+ absorption bands the decay times of the Ce3+ emission in 
YAG:Ce SCF (71 ns), OC (76 ns) and SC (79 ns) are somewhat different (curves 1-3) mainly due 
to the difference in the Ce3+ content. At the same time, due to excitation of the Ce3+ luminescence 
in YAG:Ce SC by the emission of LE(AD), YAl and F+ centers [3] as well as the temporal 
localization of charge carriers at these centers [5], the decay kinetics of the Ce3+ luminescence in 
SC and especially in OC in the RT range is significantly slower (curve 2’, 3’) than that for SCF 
(curve 1’). Namely, under high-energy excitation (13.6 eV) the mean decay time of YAG:Ce SCF, 
SC and OC is equal to 92, 105 and 162 ns, respectively (Fig.2). We have also estimated the content 
of the slow components in the emission decay of the YAG:Ce OC, SC and SCF under 13.6 eV 
excitation, using the ratio Ks=[Is/It]*100 % (Fig.2) which is significantly larger in OC (47.6 %) than 
that in SC (18.8 %) and SCF (14.6 %), respectively (Fig.2). The main reason for such a slowing-
down of the decay of the Ce3+ luminescence and large amount of slow emission components in 
YAG:Ce OC and SC, sintered/grown at high temperature in reducing atmosphere, is presence of the 
large content of YAl AD and oxygen vacancies as emission and trapping centers in comparison with 
the condition of low-temperature crystallization of SCF in air. Specifically, due to more reducing 
(vacuum) atmosphere for sintering, the content of oxygen vacancies prevail in YAG:Ce OC, when 

the concentration of YAl AD in SC, grown at 
higher temperature, is significantly larger. Apart 
from that, the larger content of slow component 
in YAG:Ce OP than that in SC can be caused by 
presence of the boundaries of grain which can 
play the role of specific “defects” in the e/h 
transfer to the Ce3+ ions. 
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Fig.2. Decay kinetics of Ce  emission in YAG:Ce 3+

SCF (1, 1’), SC (2, 2’) and OC (3, 3’) at 300 K under 
excitation by SR with energy of 3.71 eV (1-3) in 
Ce  absorption band and 13.6 eV (1’-3’) in the 3+

range of interband transitions.  Decay time of Ce3+ 
emission under 3.71 eV/13.6 eV excitation and 
content of slow components under high-energy (13.6 
eV) excitation in OC, SC and SCF are presented.  

Concluding, the analysis of the luminescent 
properties of YAG:Ce OC in comparison with SCF 
and SC analogue allows to conclude that the 
behavior of OC is rather close to the properties of 
SC with large concentration of YAl AD than to the 
properties of SCF of these garnets where YAl AD 
are completely absent.  
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Within the microelectronics industry, the requirement for reducing device dimensions for 
increased circuit performance and lower manufacturing costs has led to many avenues of 
research in advanced materials and fabrication processes. Our research is focused on the 
investigation of barrier materials for copper interconnect technology. For future sub-32 nm 
node technology, these films/interfaces need to be made ultra-thin (2-4 nm) and be 
conformal, which cannot be delivered by conventional deposition techniques. In addition, 
present day barrier materials may not be suitable when they become ultra-thin. Self-
forming diffusion barriers (SFBs), consisting of a Cu-Mn alloy, have recently attracted 
great interest because they seem to demonstrate good barrier qualities and be compatible 
with future technology nodes [1-4]. We have previously fabricated and determined the 
chemical composition of Cu-Mn SFBs on SiO2 and low-k dielectrics using x-ray 
fluorescence spectroscopy[4]. At Beamline L at DORIS III, we have used grazing 
incidence XANES spectroscopy to determine the formation and composition of SFBs 
through a thin (1-10nm) Cu interlayer. We have confirmed that these SFBs can be formed 
at anneal temperatures of only 250oC (1 hour anneals), which is important because an 
interlaying Cu film is a necessary prerequisite if this technology is to be used in future 
microelectronics fabrication processes. 

annealed

Non-annealed

 

Figure 1: Mn K-edge XANES fluorescence spectra showing successful SFB barrier formation through a 
10nm Cu interlayer film. The lowest anneal temperature was 250oC with a duration of 1 hour. 
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Nanostructured thin films of titania have a variety of applications because of their physical 
properties, for example in catalysis or photovoltaics. For applications in photovoltaics a large 
surface area is desirable as the separation of charge only can take place at the interface between 
titania and the hole-conducting material, which can consist of a hole-conducting polymer or a dye 
in combination with an electrolyte as in the case of the Grätzel cell [1]. To trap as much light within 
the cell as possible a large absorption coefficient is desirable. A sponge structure with a pore size of 
a few tens of nanometers combined with pores with a larger diameter is a promising morphology 
for titania to meet these demands.  

Therefore, we focus on the preparation of thin titania films with such a morphology spread out over 
surfaces with an area of a few square-centimeters. Block copolymers can be used in a ‘good-poor 
solvent pair’ induced phase separation process coupled with sol-gel chemistry to create structured 
titania films in a reproducible way. We use the amphiphilic diblock copolymer poly(dimethyl 
siloxane)-block-methyl methycrylate poly(ethylene oxide) [PDMS-b-MA(PEO)] as templating 
agent [2]. The polymer is first dissolved in tetrahydrofurane and 2-propanol, which are good 
solvents for both the hydrophobic and the hydrophilic part of the copolymer. After complete 
dissolution, hydrochloric acid (HCl) and titanium tetraisopropoxide (TTIP) are added in a well-
defined way. HCl and TTIP are on the one hand the source for the sol-gel process. On the other 
hand they act as poor solvents for the hydrophobic part and therefore induce the phase separation 
which leads to the nanostructures in the film. Changing the mixing speed of the same weight 
fractions of all the components results in small changes in the morphology of the films after spin 
coating on pre-cleaned silicon substrates. In a final step, the films are calcined at high temperatures 
in air. The amorphous titania should be converted to the crystalline form of anatase titania which is 
a semiconductor with a band gap in the ultraviolet. Moreover, by calcination in air the polymer 
which determines the structure of the titania is combusted. 

Information on the morphology in the volume of the film is gained from grazing incidence small 
angle X-ray scattering (GISAXS) at the HASYLAB beamline BW4. Synchrotron radiation with a 
wavelength of 0.138 nm and an incident angle of 0.36° on the surface of the films is used for the 
measurements. The sample-to-detector distance is set to 2 m. The scattered signal is detected with a 
two-dimensional MarCCD detector with 2048*2048 pixels and an active area of 165 mm in 
diameter. The measurements are done with spin-coated titania films prepared with different mixing 
speeds with a film thickness of about 300 nm. Figure 1 shows a representative 2d GISAXS 
scattering pattern and the line cuts in horizontal and vertical direction. We observe no change in the 
size of the small pores in the sponge structure, as it can be seen from the unchanged structure factor 
peak in figure 1b, marked with an arrow. This structure factor corresponds to a distance of about 25 
nm. Structure information on the larger pores is hidden in the resolution of the setup (shown with 
the dashed line in figure 1b). In the detector cuts shown in figure 1c the position of the titania 
Yoneda peak changes with the applied mixing speed. As expected the position of the silicon 
Yoneda peak is unchanged. Thus the change in Yoneda peak position of titania corresponds to a 
change in mass density and therefore in a change in the overall porosity of the titania film. Thus we 
have detected a possibility to maintain the average pore size of the titania structure but tailor the 
overall porosity (by changing the amount of large pores). 
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Figure 1: GISAXS measurements of calcined titania films prepared with different mixing speeds: a) 2d 
scattering image for one sample. (b) Out-of plane cuts at the position of the titania Yoneda peak for 9 

different samples. (c) Detector cuts in the region of the Yoneda peaks for the 9 different samples: a clear 
splitting between the Yoneda peaks of the silicon substrate and the titania can be observed. The cuts in (b) 

and (c) are shifted along the y-axis for illustrative purposes, the mixing speed increases from bottom to top. 

The same can be seen in the corresponding measurements of the sample surface as performed by 
scattering electron microscopy (SEM). SEM figures of two different samples which correspond to 
the lowermost and the topmost cuts in figure 1(b) and 1(c) respectively are shown in figure 2. 
Therein figures 2(b) and 2(d) show that the size of the small pores in the sponge structure stays 
constant. In contrast, the amount of the large pores increases (see figure 2(a) and 2(c)). 

 

 

 

 

 

 

 

 

 

Figure 2: SEM pictures of the sponge structure of titania: Subfigures (a) and (b) show images of the sample 
corresponding to the lowermost GISAXS cuts in figure 1, the SEM pictures of the sample corresponding to 

the topmost GISAXS cuts in figure 1 are shown in subfigure (c) and (d). 
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Introduction and the aim of experiment 

 
Titanium alloys exhibit a wide variety of microstructures, because titanium and its alloys exhibit a 
broad range of phase transformations related to the α to β allotropic transformations. This results in 
different physical and mechanical properties. The main aim of the present experiment is to analyze 
the α and β phases in TIMETAL® LCB (β Ti-alloy) and TIMETAL 54M (α + β Ti-alloy) in order to 
correlate the microstructure with the properties. To achieve this aim, synchrotron radiation was used 
because of a relatively higher brilliance and much more intense than those from a conventional 
laboratory source, enabling researchers to carry out experiments in a very short time [1].  
 
Experiment 

 
Instrument: The present experiment was conducted at DESY (beamline Harwi-II) with a fitted 
wavelength of 0.1269Å (97.7 keV) and sample to detector distance of 1500 mm. The wavelength 
was determined using the diffraction pattern of Zn powder and then fitted by Maud [2] as shown in 
Fig. 1.  
 
 
 
 
 
 
 
 
 
 
 

 
Figure 1: Sum diffraction pattern fitted by Maud program of Zn powder 

 
Material: The phases were quantitatively analyzed in both TIMETAL® LCB and TIMETAL 54M 
after the heat treatments as shown in Table 1. The samples were cut with the size of 5 x 5 x 20 mm3. 

 
Table 1, Heat treatments of the various titanium alloys  

Alloys Type Heat Treatment 
TIMETAL LCB 
Ti-6.8Mo-4.5Fe-1.6Al 

β alloy 
Hot rolled at 760°C + 760°C for 1 hr/WQ* 
+Aging at 540°C for 8 hrs/AC* 

TIMETAL-54M (EQ*) 
Ti-5Al-4V-0.6Mo-0.4Fe 

α + β alloy 
0.5 h 1010°C + Hot rolled at 800°C 
+ 800°C for 1hr + Aging at 500°C for 24 hrs/AC 

* EQ = equiaxed; WQ = water quenching; AC = air cooling 
 
It should pay attention that TIMETAL® 54M is a newly developed α+β titanium alloy to provide a 
cost benefit over Ti-6Al-4V due to a relatively higher machinabilty and superplastic formability at 
lower temperature. 
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Results 

 
In TIMETAL LCB microstructure (Fig. 2 – a), it is observed the α-particles (light phase) were 
precipitated in the β-matrix (dark) with a grain size of 2 µm. Volume fractions of α- and β-phases 
phase are approximately 22% and 78%, respectively, obtained by fitting with Maud as shown in 
Fig. 2  - c. As seen in Fig. 2 – b, Debye Scherrer ring shows texture information in such alloy.  That 
is why sum diffraction spectra were used to reduce the texture influence. 
 
 

 
 
 
 
 
 
 
 
 
Figure 2: Microstructure (a); Debye-Scherrer ring (b) and its sum diffraction pattern fitted by Maud 

(c) of aged TIMETAL LCB. 
 
The microstructure of TIMETAL-54M consists of β-phase in α grains as shown in Figure 3-a. 
Apparently, Equiaxed primary α having agrain size of 3 µm (light phase) and β-phase (dark) located 
triple points of alpha phase. The phases α and β are detected with volume fractions of 90% and 
10%, respectively. This result was obtained after fitting with Maud as shown in 3 – b. 
 
  
 
 
 
 
 
 
 
 
 
   

Figure 3: Microstructure (a) and sum diffraction pattern fitted by Maud program (b)  
of equiaxed TIMETAL 54M 

 
Further investigation 

 
It is proposed to study in-situ phase analysis of titanium alloys during thermo-mechanical 
treatments.  
 
References 

 

[1] H.-G. Brokmeier, S.B. Yi, and J. Homeyer, Microstructure and Texture in Steels, A. Haldar, 
S. Suwas, and D. Bhattacharjee (eds.), 2009, pp. 307 – 321. 
[2] L. Lutterotti, S. Gialanella. Acta Mater., 1998 (46),  p. 101-110.  

 

(a) (b) (c) 

 (a)  (b) 

-82-



Phase diagram of the PrAlO3-EuAlO3 pseudo-binary 
system 

T. Basyuk1, L. Vasylechko1, S. Fadeev1, V. Berezovets2, D. Trots3, R. Niewa4 

1 Semiconductor Electronics Department, Lviv Polytechnic National University, 12 Bandera St., 79013 Lviv, Ukraine 
2Karpenko Physico-Mechanical Institute, 5 Naukova St., 79601 Lviv, Ukraine 

3Bayerisches Geoinstitut, Universität Bayreuth, Universitätsstraße 30, 95447 Bayreuth, Germany 
4Institut für Anorganische Chemie, Universität Stuttgart, Pfaffenwaldring 55, 70569 Stuttgart, Germany 

At room temperature (RT) PrAlO3 adopts rhombohedral structure (R3c), which transform into the 
cubic perovskite structure at elevated temperatures. EuAlO3 shows the orthorhombic GdFeO3-type 
of structure at RT. A first-order phase transition to a rhombohedral structure in EuAlO3 occurs at 
1420 K. On cooling the europium aluminate remains orthorhombic down to 14 K, whereas PrAlO3 
undergoes a sequence of low-temperature (LT) phase transformations [1]. 

In order to study the phase and structural behaviour in the PrAlO3–EuAlO3 pseudo-binary system 
series of Pr1–xEuxAlO3 samples with x in the range of 0.1 – 0.9 were prepared by a combination of 
solid state reaction and arc melting in Ar atmosphere. The crystal structures of the solid solutions 
Pr1−xEuxAlO3 and their thermal behaviour in a wide temperature range of 12–1173 K have been 
investigated by using in situ X-ray powder diffraction applying synchrotron radiation (beamline B2, 
HASYLAB) and DTA/DSC methods. Analysis of diffraction data was carried out by full-profile 
Rietveld refinements, using the WinCSD program package. 

It was established that two kinds of solid solutions Pr1–xEuxAlO3 with rhombohedral (R3c) and 
orthorhombic (Pbnm) structures exist at ambient temperature. An immiscibility gap between the 
two perovskite-type phases occurs around x=0.3. In an earlier study of the PrAlO3–EuAlO3 system 
performed by Brusset et al [2] reported an immiscibility gap between a pseudo-monoclinic and a 
rhombohedral symmetries phases in the range of 0.38<x<0.57. Lattice parameters and cell volumes 
decrease monotonically with decreasing Pr content (Fig. 1).  
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Figure 1. Concentration dependences of normalized lattice parameters and cell volumes of Pr1-xEuxAlO3 
solid solutions. Lattice parameters and volumes of the rhombohedral and orthorthombic cells are normalized 
to the perovskite ones as follows: ap=ar/√2, cp=cr/√12, Vp=Vr/6; ap=ao/√2, bp=bo/√2, cp=co/2, Vp=Vo/4. 
At elevated temperatures, a first-order transformation from the orthorhombic to a rhombohedral 
structure is observed in the Pr1–xEuxAlO3 samples with x ≥0.35. We assume that the rhombohedral-
to-cubic phase transition might occur considerably above the highest temperature (1700 K) reached 
in the experiments. Therefore, the temperatures of the R3с↔Pm3 m transition in the Pr0.8Eu0.2AlO3 
and Pr0.5Eu0.5AlO3 samples were estimated from the extrapolation of the c/a parameter ratios of the 
rhombohedral phase (Fig. 2).  

-83-



Low-temperature (LT) examination revealed a sequence of phase transformations in the 
Pr1−xEuxAlO3 samples with x<0.3, whereas the solid solutions with x≥0.35 remain orthorhombic 
below RT. DTA/DSC experiment revealed phase transitions in the Pr1-xEuxAlO3 specimens with 
x=0.1, 0.2, 0.25 at 232 K, 245 K, 273 K, respectively. Crystal structure parameters of the LT 
modifications of Pr0.8Eu0.2AlO3 were determined by using in situ synchrotron powder diffraction 
technique. A sequence of LT phase transformations R3с ↔Imma↔C2/m has been found in this 
compound (Fig. 3).  
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Figure 2. Lattice parameters of rhombohedral 

Pr0.8Eu0.2AlO3 in the temperature range of 300 – 
1200 K and extrapolation to the expected phase 

transition to the cubic structure. 

Figure 3. LT dependencies of perovskite lattice 
parameters and cell volumes of Pr0.8Eu0.2AlO3. 

Based on the results of in situ synchrotron powder diffraction examinations and DTA/DSC 
measurements as well as available literature data, the phase diagram of the pseudo-binary system 
PrAlO3–EuAlO3 has been constructed (Fig. 4). Five kinds of solid solutions with different 
perovskite-type crystal structures exist in the system, depending on composition and temperature. It 
was established that the temperatures of HT phase transitions in Pr1−xEuxAlO3 increase linearly with 
decreasing Pr content. The temperature of the R3c–Imma phase transition increases with decreasing 
Pr content, whereas the temperature for the Imma↔C2/m transformation decreases. In contrast, in 
the recently investigated PrAlO3–RAlO3 systems with “large” rare-earth element La, Ce and Nd, 
the temperatures of both LT transitions drop with decreasing Pr content [3]. 
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Figure 4. Phase diagram of the pseudo-binary system 
PrAlO3–EuAlO3. The letters L, C, Rh, O1, O2 and M 
designate liquid, cubic, rhombohedral, orthorhombic Imma, 
orthorhombic Pbnm and monoclinic phase fields, 
respectively. The symbols * denote the data obtained from 
synchrotron experiments. 
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Tungstates having general formula AWO4 (A2+ is the cation as for example Ca2+, Pb2+, Cd2+, Cu2+) 
are extremely interesting compounds, which find many practical applications as phosphors, 
scintillators, optical fibres, laser hosts, Raman shifters and catalysts. Among them wolframite-type 
ZnWO4 and NiWO4 have attracted recently a considerable interest both from experimental and 
theoretical [1-3] points of view due to their optical and catalytic properties as well as possibility of 
preparation in nanosized [4] and thin film forms [5-6]. Besides, a control of magnetic, optical and 
phonon related properties can be performed by mixing two materials, since they easily form solid 
solutions [5,7].  

In this work we have performed temperature dependent (from 10 to 300 K) x-ray absorption 
spectroscopy study of the local dynamics and atomic structure around W, Zn and Ni ions in 
nanocrystalline Zn(Ni)WO4 powders and microcrystalline ZncNi1-cWO4 solid solutions.  

The powder samples (pure ZnWO4 & NiWO4 and solid solutions ZncNi1-cWO4) were synthesized 
using co-precipitation technique by mixing proper amounts of aqueous solution of Na2WO4⋅2H2O 
with that of ZnSO4⋅7H2O and/or Ni(NO3)2⋅6H2O in bi-distilled water. The tungstate sediment was 
subsequently washed, filtrated and after drying, annealed in air for 4h at different temperatures in 
the range of 80-900°C. The nanosized powders had the average crystallites size below 2 nm. 

X-ray absorption measurements were performed in transmission mode at the HASYLAB DESY C1 
bending-magnet beamline in the temperature range of 10-300 K at Ni K (8333 eV), Zn K (9659 eV) 
and W L3 (10207 eV) edges. The storage ring DORIS III operated at E=4.44 GeV and Imax=140 mA 
in a 5 bunches mode with a lifetime of 4h. The higher-order harmonics were effectively eliminated 
by detuning of the monochromator Si(111) crystals to 60% of the rocking curve maximum, using 
the beam-stabilization feedback control. The x-ray beam intensity was measured by three ionization 
chambers filled with argon and krypton gases. The Oxford Instruments liquid helium flow cryostat 
was used to maintain the required sample temperature. The powder samples were deposited on 
Millipore filters and fixed by Scotch tape. Each sample was measured in a single run covering long 
energy interval from 8170/9500 eV to 11300 eV. 

The extended x-ray absorption fine structure (EXAFS) data analysis was performed using the 
“EDA” software package [8]. The EXAFS signals from the first coordination shell, extracted by the 
Fourier filtering method, were analyzed by conventional (multi-shell) and regularization-like 
methods [9]. The latter approach allows direct determination of the radial distribution function 
(RDF) G(R) (Figure 1) within the first shell without a priori assumption for the RDF shape [9]. The 
amplitude and phase shift functions for the Ni–O, Zn–O and W–O atom pairs used in the fits were 
calculated by the FEFF8.2 code [10] using the complex exchange-correlation Hedin-Lundqvist 
potential and considering crystallographic wolframite structure. A part of preliminary results, 
related to nanosized tungstates and thermal disorder in microcrystalline ZnWO4 and NiWO4 are 
reported below. 

The RDFs for nano- and microsized tungstates at 10 K are compared in Figure 1. Good quality 
experimental EXAFS data allowed us to follow in details the RDF variations. One can conclude that the 
[WO6] and [ZnO6] octahedra are strongly distorted, whereas the [NiO6] units are almost 
undistorted. Besides, the RDFs for nanosized powders are broader than for microcrystalline ones 
and have weak temperature dependence (not shown): this suggests a strong relaxation of the local 
structure upon size reduction. The type of the [WO6] and [ZnO6] octahedra distortion indicates the 
splitting of six oxygen atoms into two groups of 4 and 2 atoms. Further splitting of the first oxygen 
group around W atoms is well observed in microcrystalline ZnWO4. Such variation of the local 
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environment supports our interpretation of the Raman scattering data [11]: the coordination of 
metal ions remains unchanged in nanocrystals, but the local structure relaxation occurs.  In fact, the 
strongest Raman scattering band, corresponding to the W–O stretching mode, shifts from 907 cm-1 
in microcrystalline ZnWO4 to 950 cm-1 in nanosized ZnWO4 and also becomes broadened [11] 
suggesting a decrease of the shortest W–O bonds and an increase of disorder. Similar effect is also 
observed by Raman spectroscopy for NiWO4. 
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Figure 1: First shell RDFs G(R) for microcrystalline (solid lines) and nanocrystalline (dashed lines) ZnWO4  
and NiWO4 at 10K (upper panel: Zn(Ni)—O, lower panel: W—O).  

The temperature dependence of the RDFs for microcrystalline ZnWO4 allowed us to follow the variation of 
the Debye-Waller factors or mean-square relative displacements (MSRDs) for each group of oxygen atoms. 
Their comparative analysis at two (Zn K and W L3) absorption edges indicates strong anisotropy of thermal 
vibrations for two inequivalent oxygen atoms in the unit cell. The lattice dynamics in NiWO4 differs slightly 
from that in ZnWO4: here the temperature dependence of the RDFs is much weaker. The obtained results can 
be explained by the interplay between Zn–O/Ni–O and W–O bonding. They complement recent diffraction 
studies of ZnWO4 [12] providing additional information on the correlation effects in atomic vibrations.  

In conclusion, a high quality long range EXAFS data allowed us to follow details of static and dynamic 
octahedra distortions both in microcrystalline and nanocrystalline tungstates.  
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Relaxor ferroelectric materials of the perovskite structure type (ABO3) are key functional materials. 
Their structure is strongly inhomogeneous, with co-existing polar and non-polar spatial nano-
regions, which give rise to remarkably high dielectric, piezoelectric, electro-elastic and electro-
optic responses near room temperature. B-site complex relaxors are additionally characterized with 
a coexistence of B-site chemically ordered and disordered nanoregions, as the chemical order 
consists of 1:1 alternation of different types of B-cations along the pseuodcubic 100  direction. 
Although relaxors have been extensively studied over last two decades, the interplay between the 
chemical disorder, the nanoscale structural features and, correspondingly, the relaxor 
macroproperties still remains an enigma. Pressure can help to elucidate the structural complexity of 
relaxors, because it is a much stronger driving force than temperature. Our recent studies on pure, 
Ba- and Bi doped PbSc0.5Ta0.5O3 (PST) and PbSc0.5Na0.5O3 (PSN) [1-3] demonstrated that pressure 
leads to a dynamical decoupling of Pb and B-site cations, thus promoting the B-cations in polar 
nanoregions to go back to the corresponding octahedral centres. At the same time, pressure induces 
long-range order of antiphase octahedral tilts. The pressure-induced phase transition is continuous. 
It is smeared out over a pressure range if the system of A-site cations with lone-pair electrons is 
disturbed. In order to complete our studies on A-site doped Pb(B’, B”)O3-type we have analysed 
La-doped PST and PSN. Thus, the objective of this study was to probe the high-pressure structure 
of La-doped PST and PSN to check the effect of replacement of A-positioned Pb with heterovalent 
cations showing no affinity to form lone pairs. 
Single crystals of La-doped PST and PSN were synthesized by the high-temperature solution 
crystal growth method. Backscattered electron images confirmed the chemical homogeneity of the 
single-crystal specimens. The actual chemical composition was determined using electron 
microprobe analysis, by averaging over 100 spatial points. The calculated chemical formula was 
Pb0.86La0.080.06Sc0.53Ta0.47O2.93 for the tantalate compound and Pb0.70La0.230.07Sc0.62Nb0.38O2.93 
for the niobate compound, which can be approximated as Pb1-xLaxSc(1+x)/2Ta(1-x)/2O3, x = 0.08 (PST-
La) and Pb1-xLaxSc(1+x)/2Nb(1-x)/2O3, x = 0.23 (PSN-La), respectively. High-pressure synchrotron 
single-crystal XRD experiments were performed at the F1 beamline of HASYLAB/DESY using a 
MarCCD 165 detector. Data on PST-Ba were collected with a radiation wavelength λ = 0.5000 Å, a 
sample-to-detector distance of 100 mm, stepwidth of 0.5° per frame and exposure times of 120 s. 
The in-situ pressure experiments were conducted in diamond anvil cells of Boehler-Almax and 
Ahsbahs design. The pressure values were determined from the pressure-induced shift of the R1 
photoluminescence line of ruby. A mixture of methanol-ethanol in the ratio 4:1 was used as a 
pressure-transmitting medium, which restricted the pressure range of hydrostaticity up to 9.8 GPa. 
Synchrotron single-crystal XRD data were collected on pressure load at 0.65, 1.1, 2.3, 3.2, 4.3, and 
6.0 GPa for PST-La and at 0.7, 1.8, 2.7, 3.6, 4.5, and 6.0 GPa for PSN-La. The final measurements 
were conducted after decompressing to 0.4 and 0.1 GPa for PST-La and PSN-La, respectively. 
Two features accompany the pressure-induced phase transition in all Pb-based perovskite-type 
relaxors studied so far: the suppression of the X-ray diffuse scattering (XDS) along 110 *, which 
arises from polar cation shifts, and the appearance of sharp Bragg reflections with hkl, all odd, as 
indexed in mFm3 , which are accompanied by XDS along 100 *. These Bragg peaks arise from 
long-range order of antiphase octahedral tilts. For PST-La the 110 *-XDS seems to weaken above 
~ 1.5 GPa, which is in accordance with the changes in the Raman scattering and dependence of the 
normalized pressure F on the Eulerian strain f. The analysis of the pressure induced odd-odd-odd 
diffraction peaks was however interfered by the presence of chemical B-site long-range order 
producing also Bragg peaks with hkl, all odd. For PSN-La the 110 *-XDS is very weak even at 
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ambient pressure and gradually disappears at high pressures. A very interesting result is that for 
PSN-La a long-range octahedral tilt order is observed at very low pressures and does not change 
substantially with pressure. The Raman spectra of PSN-La showed gradual changes in the local 
structure with pressure increase but without the appearance of a soft mode indicative of a phase 
transition. The f-F diagram also did not reveal any phase transition up to 8 GPa. The high degree of 
octahedral tilting is most probably due to the relatively small tolerance factor. Apparently, the 
existence of octahedral tilt order is not enough to drive the whole structure to a new phase upon 
pressure increase, because of the high dilution of the Pb system with La. This again underlines that 
correlated A-site cations with lone-pair electrons is the key governing factor for the development of 
ferroic long-range order. 

 

Figure 1: Reciprocal space layers of La-doped PST and PSN at two representative pressures showing the 
110 *-XDS (in the hk0 and hk2 layers) at low pressures that is suppressed at high pressures while the odd-

odd-odd peaks (in the hk1 layers) persist. 

Acknowledgements: Financial support by the DFG and NSF is gratefully acknowledged. 

References 
[1] B. Mihailova, R. J. Angel, A.-M. Welsch, J. Zhao, J. Engel, C. Paulmann, M. Gospodinov, H. Ahsbahs, R. 

Stosch, B. Güttler, and U. Bismayer, Phys. Rev. Lett. 101, 017602 (2008). 
[2]  A.-M. Welsch, B. J. Maier, J. M. Engel, B. Mihailova, R. J. Angel, C. Paulmann, M. Gospodinov, A. 

Friedrich, R. Stosch, B. Güttler, D. Petrova, and U. Bismayer, Phys. Rev. B, 80, 104118 (2008). 
[3] B. J. Maier, J. A.-M. Welsch, R. J. Angel, B. Mihailova, J. Zhao, M. Engel, L.A. Schmitt, C. Paulmann, M. 

Gospodinov, A. Friedrich, and U. Bismayer, submitted to Phys. Rev. B. 

-88-



Fig 1: Comparison of the O 1s spectra 
recorded on oxygen-plasma treated CNTs 
and after Cu deposition.    
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As the current Si-based technology reaches its scaling limits, alternatives such as a carbon nanotube 
(CNT)-based electronics have been proposed. A key challenge for this new technology is the 
development of strategies that will allow bridging Si-based to CNT-based technology. In this 
perspective, various metals (Pt, Pd, Au, Ti…) have been investigated as possible candidates for 
electric contacting CNTs [1]. Electromigration in Cu interconnects for increasing current densities, 
hinders its use in nanoscale contacts and interconnects. However, recent reports show that the 
interaction of copper/CNT can suppress or reduce this drawback. The understanding of the 
interaction between Cu atoms and CNT-surface is a key issue in the design and optimization of 
actual applications.  

In the present study of the Cu-CNT interaction, pristine 
and oxygen-plasma, treated MWCNTs with different 
amounts of Cu evaporated onto their surface were 
analyzed. The morphology of the “overlayer” is 
observed by transmission electron microscopy; its 
electronic structure and its interaction with the CNT 
surface is investigated by photoelectron spectroscopy 
(PES) performed at the BW2 beamline.   
The interaction between copper and CNT surfaces can 
be studied by XPS. If there is a chemical reaction at the 
interface than the new chemical environment of the 
atoms at the interface will show in the XPS spectra by 
the appearance 
of new 
features [2]. In 
figure 1, the 

comparison of the O 1s peak recorded before and after Cu 
evaporation onto oxygen-plasma treated CNTs at the 
onset of the evaporation. An increase in the O 1s peak 
width is observed, indicating the presence of more 
components that arise from the interaction between Cu 
and oxygen atoms, suggesting that Cu nucleation centres 
occur in the proximity of oxygenated defects created by 
the plasma treatement [2].  
 
Figure 2 shows the comparison of the C 1s peak recorded 
before and after Cu evaporation onto plasma 
functionalized CNTs. The chemical modification of the 
CNT surface produced by the plasma treatment is 
revealed by the appearance of a broad structure at higher 
binding energy. This structure was reported to be 
associated with C 1s photoelectrons belonging to 
hydroxyl, carbonyl and carboxyl (or ester) groups that 

Fig.2: Comparison of the C 1s spectrum recorded 
on pristine, oxygen functionalized CNTs and Cu 
coated oxygen functionalized CNTs.  
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were grafted at the CNT surface by the oxygen plasma treatment [3]. Two effects can contribute to 
the reduction in the relative intensity of the structure associated to photoelectrons emitted from 
carbon atoms participating in the structure at higher binding energy of the C 1s peak after the Cu 
evaporation (figure 2). The formation of C-O-Cu bonds will change the screening of the C-O bonds 
and the C 1s photoelectrons will be photoemitted with a different kinetic energy. A second effect 
that has to be considered is that the photoelectrons emitted from carbon atoms below Cu overlayer 
will lose part of their kinetic energy when passing through them, no longer contributing to the C 1s 
peak. As suggested before, Cu nucleation would occur mainly in the proximity of oxygenated 
defects. Consequently, in the onset of the evaporation a pronounced reduction in the contribution of 
photoelectrons emitted from C atoms belonging to oxygen groups that are localized mainly under 
the Cu clusters will show in the C 1s XPS spectrum.  
 
Figure 3 shows the comparison of 
the evaporation of different 
amounts of Cu on (a) pristine 
CNTs and (b) oxygen 
functionalized ones. The inset in 
fig. 3 (a) represents the Cu 2p core 
level peaks, no chemical shift from 
metallic Cu can be observed, 
however the peak recorded at the 
onset of the evaporation shows an 
increased width. Whether this is 
related to final or initial effects will 
be verified. In contrast, the inset of 
fig. 3 (b) clear shows the presence 
of additional components, this can 
be associated to the formation of 
Cu-O bonds. The presence of 
oxygen grafted at the 
functionalized CNTs surface lead 
to the formation of Cu oxide at the 
early stages of the growth (see 
structures formed on spectra black and green of fig. 3 (b)), while for higher coverage only metallic 
Cu is formed.  

Further studies to understand the interface formation will be supported by theoretical modeling and high-
resolution microscopy analysis. 
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Fig 3: Cu core level for different amounts of metal evaporated onto (a) pristine  
NTs and (b) oxygen-plasma-treated CNTs 
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The alkaline earth aluminates (MAl2O4, M: Ca, Sr and Ba) doped with Eu2+ and co-doped with selected 
trivalent rare earth (R3+) ions as Dy3+ and Nd3+, are efficient blue/green emitting persistent luminescence 
materials used e.g. in luminous paints [1,2]. Besides the conventional green luminescence an additional 
luminescence band at higher energy (centered at 450 nm) has been observed from SrAl2O4:Eu2+ at low 
temperatures [3]. The origin of this peculiar low temperature luminescence remains to be solved though it 
has been suggested to originate from charge transfer processes involving the Eu3+ ion [3]. Since this charge 
transfer process has further been connected with the mechanism of persistent luminescence, it is of interest 
to verify the other, perhaps more probable origins for this emission. The optical properties of the persistent 
luminescence materials can be fully understood only by combining theoretical methods with experimental 
studies. This kind of sophisticated approach is urgently needed to enable systematic development of new 
efficient materials but requires the knowledge of correct mechanism(s). 

In this work, the VUV excited luminescence of the Eu2+ doped strontium aluminate (SrAl2O4:Eu2+) material 
was studied using the beamline SUPERLUMI at HASYLAB in Hamburg, Germany. The measurements 
were carried out at selected temperatures between 10 and 300 K. The electronic structure of SrAl2O4:Eu2+ 
was studied with the density functional theory (DFT) calculations employing the WIEN2k package [4]. 

The VUV excitation was used to study the Eu2+ emission to enable the probing of the possible interactions 
between the conduction band and the excited Eu2+ 4f65d1 states. The VUV excited luminescence spectra of 
SrAl2O4:Eu2+ due to the 4f65d1(2D) → 4f7(8S7/2) transitions of the Eu2+ ion consist of two bands centered at 
445 and 520 nm (2.79 and 2.38 eV, respectively) at low temperatures (Fig. 1). The intensity of the high 
energy 445 nm luminescence band was nearly constant at low temperatures (10-100 K) but decreased 
significantly when the temperature was increased above 100 K. Only one band at 520 nm was observed at 
room temperature. The Eu2+ luminescence is usually observed only from the lowest 4f65d1 state since the 
higher excited states are easily relaxed to the lowest 4f65d1 state located below the bottom of the conduction 
band. However, luminescence from a higher Eu2+ 4f65d1 state may be observed due to the absence of high 
energy lattice vibrations at low temperature. Luminescence from a higher Tm2+ 4f125d1 state has been 
reported [5,6] and the Eu2+ ion may exhibit the same kind of unusual low-temperature luminescence. 

 

 

 

 

 

 

 

Figure 1: The synchrotron radiation VUV excited (time integrated) emission spectra of the SrAl2O4:Eu2+ 
persistent luminescence material at selected temperatures between 10 and 300 K (SUPERLUMI, 

HASYLAB). 
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The experimental verification of the Eu2+ emission from the higher 4f65d1 energy is not straightforward and 
thus DFT calculations were employed to get independent data. The calculated density of the 4f65d1 states 
(Fig. 2) shows more than one 4f65d1 state below the conduction band which is an essential requirement for 
luminescence to be observed from a higher Eu2+ 5d state. Furthermore, the density of the 4f65d1 state located 
slightly below the conduction band edge at 6.4-6.5 eV is significantly higher compared to the lowest 4f65d1 
state located at ca. 6 eV. The energy difference between these 4f65d1 states corresponds very well to the 
experimentally observed energy difference of 0.41 eV between the luminescence bands. Luminescence may 
therefore be observed from both the lowest (520 nm) and higher energy (445 nm) 4f65d1 state at low 
temperature resulting in two luminescence bands (Fig. 1). 

 

 

 

 

 

 

 

Figure 2: Calculated density of the Eu2+ 4f65d1 states of the optimized SrAl2O4:Eu2+ with Eu2+ located in the 
Sr1 and Sr2 site (GGA+U, U: 7.62 eV, spin-orbit coupling not included). 

Similar Eu2+ luminescence from a higher 4f65d1 state as indicated here by the DFT calculations may be 
observed from other host materials as well and this should be studied further. The presence of defects and 
defect aggregates close to the luminescent Eu2+ center may have a significant effect on the luminescence 
properties of SrAl2O4:Eu2+. This will be a subject of future work, too. 

Other research topics studied at the SUPERLUMI beamline included the VUV excited luminescence 
properties of e.g. M3MgSi2O8(:Eu2+) and Bologna Stone. The dependence of the Eg values on the R3+ co-
doping ion (in Sr2MgSi2O7:Eu2+,R3+) as well as their possible correlation with the energy of the trap levels 
derived from thermoluminescence measurements were studied. In addition, preliminary studies on the 
excitonic features in the VUV excitation spectra were carried out for several potential persistent 
luminescence materials. The results will be published promptly in appropriate international journals. 
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Introduction  
Al-based metallic glasses have attracted interest during last two decades because of their good 
mechanical properties which seem to be better in comparison with their crystalline counter-
parts [1, 2]. In this paper we present a structural study of amorphous Al92U8. The alloy was 
inspected by high energy X-ray diffraction and EXAFS spectroscopy was performed at the U 
L3 edge. Experimental data were fitted by the reverse Monte Carlo simulation technique [3]. 
The simulation box contained 12 000 atoms with the number atomic density ρ = 0.059 Å-3 
estimated theoretically from the chemical composition of Al92U8. The following minimum 
interatomic distances (cut-offs) were used: 2.4 Å for Al-Al, 2.5 Å for Al-U and 4.4 Å for U-U 
atomic pairs. The resulting atomic configuration was analyzed by means of partial pair corre-
lation functions, coordination number distributions and Voronoi tessellation analysis. 
 
Experiment 
The X-ray absorption fine structural measurement at the U L3 edge (energy 17 166 eV) was 
realized at the bending magnet beamline X1 HASYLAB/DESY. The EXAFS signal was 
measured at room temperature in the transmission mode using a fixed exit double-crystal Si 
(111) monochromator. The size of a beam was 2x2 mm2. The energy calibration was done by 
measuring a pure Nb reference foil at the Nb K edge (energy 18 986 eV). XRD measurements 
using high-energy photon beam (wavelength λ = 0.1429 Å) were carried out at the experimen-
tal station ID15B of ESRF (Grenoble, France). 
 
Results 
Figure 1 shows experimentally determined X-ray diffraction pattern and EXAFS spectrum 
together with the corresponding model curves obtained by the simultaneous RMC fitting of 

 

 

Figure 1. a) The total X-ray structural factor S(Q) and b) U L3 EXAFS signal of glassy Al92U8 

obtained experimentally (open circles) and by RMC modelling (full line). 
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the two datasets. One can observe a perfect match between experimental data and RMC fit. 
Partial pair correlation functions (ppcf’s) extracted from the RMC final configuration 

box are shown together in figure 3. The first peak of the Al-Al ppcf is at position 2.70 Å 
which is significantly shorter value than the Al-Al distance in a crystalline Al (2.868 Å) phase 
(PDF 01-072-3440 4-787). The Al-Al coordination number NAl-Al is 11.7 which is close to the 
maximal theoretical coordination number 12.6 assuming the fact that all atoms are idealized 
as hard spheres and they are efficiently packed. The first peak of the U-Al ppcf is at position 
3.1 Å which is quite close to the nearest Al-U distances rAl-U in orthorhombic Al4U phase 
(PDF 01-072-3438). Actually, this phase was identified after annealing Al92U8 sample at 
600°C (not shown here). During the RMC modelling we supposed that only Al atoms were 
presented in the closest surrounding of uranium atoms. In fact this assumption was directly 
included in our RMC model setting the cut off for U-U pairs to 4.4 Å. A broad maximum is 
formed on U-U RMC ppcf and is followed by a deep minimum. One may think that the main 
broad peak observed on the U-U ppcf is composed of the two wide peaks located at 5.4 Å and 
6.2 Å, respectively. Additionally two other peaks positioned at ~ 7.7 Å and 10 Å are strongly 
pronounced in comparison with the HSM’s ppcf. It should be mentioned here that the posi-
tions of peaks at 6.2 Å, 7.7 Å and 10 Å are in quite good agreement with the interatomic U-U 
distances in the orthorhombic Al4U phase. The extraction of the real 3D structure by the RMC 
can be very helpful due to the fact that atomic coordinates may be used for more detailed 
analysis of structural features. Using this perspective, the presence of building blocks or ‘clus-
ters’ could be investigated by the Voronoi tessellation analysis. However no polyhedron with 
a significantly high frequency was revealed. 
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Figure 3: Partial pair correlation functions  extracted from the RMC final configuration . 
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Titanium dioxide thin films possess outstanding properties like high optical transmittance and 
refractive index, photoactivity, chemical stability, etc., that make them suitable for many 
technological applications [1]. TiO2 thin films were prepared by glancing angle physical vapor 
deposition (GAPVD) [2] at room temperature on silicon substrates. Evaporation was carried out in 
an electron bombardment evaporator by using TiO pellets as a target. Stoichiometric and columnar 
thin films of TiO2 were obtained by performing the evaporation in 10-4 torr of O2 by placing the 
substrates at a glancing angle of 80º with respect to the evaporator source. Si-substrates 
(rectangular pieces about 1 x 4 cm2) were positioned with the shortest edge parallel to the vapor 
flow direction. Films with different thicknesses between 45nm and 600 nm were prepared. The 
columnar morphology of the TiO2 thin films deposited on a silicon wafer was examined by 
Scanning Electron Microscopy (SEM).  
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Figure 1: (Top) Cross section SEM micrograph of a TiO2 film 600 nm 
thick (a). (Bottom) Top view SEM micrographs of TiO2 thin films of 45 
(b), 200 (c), and 600 (d) nm thickness. The dashed lines plotted in the 
cross-section view define the height of the thin films used for analysis 
(i.e., 45, 100, 200, 300 and 600 nm). 

 
In the present work we report on the GISAXS analysis of TiO2 thin films prepared by GAPVD. 
GISAXS experiments were performed at the BW4 beamline (HASYLAB, Hamburg) using a 
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wavelength of λ=0.138 nm and a sample-to-detector distance of 2.175 m. A moderate microbeam 
focusing was achieved using beryllium compound refractive lenses (beam size 42 × 22 μm2). The 
scattering signal was recorded with a 2D detector (MAR CCD camera with 79 μm2 pixel size). The 
obtained GISAXS patterns (Figure 2) show a characteristic asymmetry respect to the incidence 
plane that has been associated with the tilted geometry of the TiO2 columns. To our knowledge, 
such patterns have not been reported previously for columnar systems although GISAXS patterns 
from faceted Ge quantum dots have shown non centro-symmetric scattering [3]. Besides, it is 
remarkable that the shape of the intensity distribution is similar for all the samples investigated. 
The patterns have also evidenced the existence of two populations of columns in these GAPVD-
TiO2 films. The population of the thinnest columns appears related to the first grown layer and is 
common for all the films investigated while the second population of columns grows with the 
thickness of the films and has been related to wider columns formed by shadowing at expenses of 
the initially formed columns. 
 
  a) b)
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Figure 2: Selected GISAXS patterns for TiO2 thin films of increasing thickness: (a) 45, (b) 100, 
(c) 300 and (d) 600 nm. 
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Glycopolymers have received much attention because of their promising biological and biomedical 
applications [1,2]. They are synthetic macromolecules with pendant carbohydrate moieties. Then, 
these polymers can play a decisive role in molecular recognition processes since they reveal 
strong interactions with lectins through the saccharide moieties in the so-named glyco-cluster 
effect [3].  Accordingly, development of suitable and simple synthetic methods to incorporate key 
sugar units to polymers is nowadays of great importance. The synthesis of these saccharide-
containing polymers with well-defined structure is usually performed by two methods: a) the 
polymerization or copolymerization of sugar bearing monomers by conventional or controlled 
polymerization techniques [4,5] and b) the chemical modification of an appropriate macromolecular 
carrier with a saccharide-containing reagent [6].  

This work deals with the synthesis by conventional radical copolymerization of 2-[({[4-(D-
gluconamid-N-yl)butyl]amino}carbonyl)oxy]ethyl acrylate (HEAG) with methyl methacrylate (MMA) 
at several compositions in dimethylsulfoxide solutions. The reactions were followed in-situ by 
proton nuclear magnetic resonance, considering the double bond variation of both monomers, 
HEAG and MMA. The initiator concentration were in all the compositions 3·10-2 M and the global 
monomer molar composition was 1 M. All the reactions were performed at 70 ºC up to total 
conversion. 

The thermal characterization performed by differential scanning calorimetry in the set of 
glycopolymers synthesized has pointed out the semicrystalline nature of the homoglycopolymer 
HEAG and the statistical glycocopolymers with high HEAG content. Melting and crystallization 
processes are not observed in those glycopolymers with molar fraction in MMA higher than 0.5 
and the corresponding MMA homopolymer. Figure 1 shows the variation of melting enthalpy and 
temperature, where a gradual decrease with composition is observed as non-crystallizable 
comonomer is incorporated to the macromolecular chains.  
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Figure 1: Melting enthalpy and melting temperature as function of HEAG weight composition in the statistical 
glycocopolymers. 

The assembly of these statistical glycocopolymers does not lead to a high crystalline ordering, as 
deduced from the left plot in Figure 2 for the glycocopolymer HEAG90-co-MMA10. A detailed 
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analysis of the WAXS profiles has been carried out and the different parameters obtained are 
represented in the right graph. A recrystallization process takes place as temperarture is raised (in 
the range from 40 to 60 ºC) followed by a small melting region previous to the main melting 
process that leads to the isotropic amorphous state. Comparison of these results with those found 
by differential thermal calorimetry (DSC) proves the good agreement existing in the melting 
temperatures estimated by these two techniques as well as its complementary information.  
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Figure 2: a) WAXS profiles as function of temperature for the HEAG-MMA statistical glycocopolymer with 
HEAG molar composition of 0.8; b) From top to bottom, temperature dependence of: relative profile 
intensity; diffraction spacing; its derivative and the heat flow of the first heating DSC run. 
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Introduction 

Direct methanol fuel cells (DMFCs) can deliver high energy densities for various portable and 

stationary devices. One of the key issues still holding back their commercialization is the uneven 

fluid distribution. The accumulation of liquid water forming at the cathode during the oxygen 

reduction reaction (ORR) can lead to a potential drop, which affects the performance and also 

causes platinum dissolution thereby influencing the fuel cell’s durability [1]. In addition, CO2 

which is formed during the oxidation of methanol can inhibit the methanol supply on the anode 

leading to fuel starvation or cell reversal. Fuel starvation is a highly unfavorable condition, as it 

can cause Ru and Pt dissolution and also carbon corrosion [2]. In the measurements presented, 

spatially-resolved XAS studies were performed in a DMFC, with a special focus at those regions 

where fuel starvation is expected (methanol outlet). To understand the mechanism of fuel 

starvation, XAS measurements were also carried out in a fuel starved cell. 

Experimental  

The in-situ fuel cell design for spatially-resolved studies, which was tested successfully in 

previous measurements, was used to record XAS spectra. Membrane-electrode assemblies 

(MEA) were prepared by spraying PtRu\C (60 wt.%, Pt-Ru 2:1 from JM) catalyst onto a 

Nafion®115 membrane acting as anode and Pt\C (60 wt.%) as cathode catalyst on the other side. 

The Ru K edge and Pt L3 edge were measured in QEXAFS mode with fluorescence geometry by 

using a PIPS diode facing the anode side of the cell. The cell was cycled to different potentials in 

normal fuel cell operation, and XAS spectra were recorded at relevant potentials. Fuel starved 

conditions were generated by running the cell in chronopotentiometry (600mA) in the absence of 

methanol. The XAS data analysis was carried out using the software Athena and Artemis [3]. 

Results 

 

The EXAFS region (Pt L3 edge) of the MEA after normal operation was analyzed for different 

cell regions (methanol inlet, middle and outlet). The analyzed results show a higher coordination 

number for the Pt-Pt at the outlet compared to that of the inlet and the middle regions, which 

might be due to Ru dissolution from the outlet region. Also a decrease in the Pt-Ru coordination 

number was observed for the outlet region. The reason for the Ru dissolution at the methanol 

outlet region might be due to fuel starvation, during which the cell experiences a negative 

potential and subsequent oxidation of the catalyst metals to their respective oxides. The less 

noble Ru is expected to be largely oxidized compared to the platinum leading to larger 

dissolution.  
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Inlet middle outlet

rPt-Pt 2.74 2.74 2.74

NPt-Pt 5.4 5.3 5.6

E0Pt-Pt 5.95 5.95 5.04

rPt-Ru 2.70 2.70 2.70

NPt-Ru 1.9 1.9 1.7

E0Pt-Ru 6.86 8.68 9.23
 

 

Figure1: FT of the Pt L3 edge of a MEA after normal operation from different regions and the 

corresponding fit results. 

 

The formation of RuO2 was also supported by the fuel starvation studies. During the fuel 

starvation studies the potential of the cell went down to -1.2 V, and the XAS spectra at the Ru K 

edge show clear formation RuO2, which is already visible with the naked eye from the spectra in 

E space in comparison to a RuO2 reference material (Figure 2, left). 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure2: XANES region of the Ru K edge at different potentials compared with RuO2 (left), FT 

of the same MEA from different regions compared with RuO2. 
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Quality improvement of praseodymia films due to
chlorine-passivated Si(111) substrates
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The Germanium On Insulator (GOI) technology is a cost-effective method to integrate III-V op-
toelectronic materials like GaAs on the dominating Si material platform [1]. Good candidates for
the insulating buffer material are lattice matched high quality praseodymia films to grow dielec-
tric heterostructures on Si(111) with low defect density [2]. However, it is currently discussed to
use passivated silicon substrates in order to prevent the formation of an amorphous silicate at the
substrate-oxide interface [3-5]. In this work ultrathin praseodymia films were grown on passivated
and non-passivated Si(111) substrates by Molecular Beam Epitaxy (MBE) to compare the forma-
tion of the crystalline oxide film and the amourphous interface. The film structure was analysed
by X-Ray Standing Waves (XSW). Additional X-Ray Reflection (XRR) investigations were per-
formed to complement the obtained results.
Clean, boron doped Si(111) substrates were evaporated with chlorine atoms at 600◦C substrate
temperature in order to passivate the surface. Afterwards,praseodymia films were grown on both
passivated and non-passivated substrates at 500◦C by MBE (evaporation rate about 0.2 nm/min).
These samples were annealed for 15 minutes at 500◦C in 1.5 · 10

−7 mbar oxygen pressure. Low
Energy Electron Diffraction (LEED, not shown here) as well as XSW measurements were made at
beamline BW1 at HASYLAB. Photoelectrons were used as inelasticsignal for XSW experiments.
Later on, ex-situ XRR measurements were performed at DELTA, Dortmund.
Figure 1 (a) shows the coherent positionΦc and coherent fractionfc, which were obtained from
the praseodymia film grown on a non-passivated silicon substrate. Since no LEED pattern was
observed after Post Deposition Annealing (PDA) and becausethe coherent fraction in (111) direc-
tion is almost zero for all elements, it can be concluded thatthere is no atomic ordering within the
grown film. In particular, the low value offc for the Si signal points to an intermixing between the
praseodymia film and the substrate because a significantly higher value is expected for the ordered
substrate. Therefore, the formation of an amorphous interface on top of the Si substrate is assumed
which consists of SiO2 and a Pr-rich silicate which is also supported by XPS data (not shown here).
The LEED diffraction pattern of the Cl-passivated substrateshows a clear (1x1)-structure which
points to a well ordered surface reconstruction. After deposition and PDA of the praseodymia film
a (1x1)-pattern is still observable. The three folded symmetry, however, points to a cubic film struc-
ture. Furthermore, coherent fractions significantly higher than zero from the Si1s, Pr3d5/2 and Cl1s
signals were obtained in (111) and (220) direction (cf. Figure 1(b)). This indicates an atomic order-
ing of these elements in both directions and a pseudomorphicfilm growth. Complementary XRR
measurements result in a praseodymia film thickness of 2.5 nmand an interface between film and
substrate of about 0.7 nm. On this basis simulations of the obtained XSW values were performed
assuming a strained PrO2 unit cell with fluorite structure which leads to a vertical expansion of
(5.3±0.2)% (cf. Figure 1(c)). Finally, the coherent fraction of the Cl1s signal is high but signif-
icantly different compared to the literature value for Cl atoms adsorpted at Si(111) surfaces [6]
which indicates a change of the adsorption sites during film growth and PDA. This also points to a
segregation of the chlorine atoms to the film surface.
In summary, we have shown that the chlorine-passivation of Si(111) substrates supports a pseu-
domorphic growth of praseodymia films by surpressing the silicate formation in contrast to the
non-passivated substrates (cf. Figure 2). However, further investigations might be necessary to
optimize the passivation process in order to prevent the segregation of chlorine atoms. Here, the
passivation with other elements like boron also might be a proper approach [7,8].
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Figure 1: Coherent positionΦc and coherent fractionfc obtained from the samples with (a) non-passivated
and (b) Cl-passivated substrates. (c) Simulation of the coherent fraction with dependence to the fluorite unit
cell expansion in vertical direction.
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Figure 2: Model of the film grown on Cl-passivated substrate.
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Structure of Optically Switchable Silica Xerogels  

M. Boehm, G. Reichenauer  
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Am Hubland, 97074 Würzburg, Germany 

Silica gels, synthesized via the sol-gel process, consist of a solid silica network and liquid filled 
pores. The pore liquid can be removed by evaporative drying, leaving behind the so called xerogel. 
Silica gels are usually highly transparent in the wet and totally dried state. However, some of the 
xerogels turn strongly opaque when their mesopores are partially filled with liquid. This is 
unexpected since the pore size is with about 10 nm significantly lower than the wavelength of the 
visible light [1, 2]. 

To elucidate the relationship between structure and opaqueness of the xerogels we measured gels in 
the wet and dry state. In addition, we studied the nitrogen sorption isotherms of the resulting 
xerogels. From sorption isotherms information on the pore size distribution on the length scale 
below 50 nm can be derived while with SAXS density fluctuations in a more general sense of up to 
100 nm (e.g. due to the formation of porous silica clusters) can be detected. Furthermore, the optical 
switching upon adsorption with ethanol was investigated for the same set of samples. 

The silica xerogels investigated were synthesized from tetramethylorthosilicate (TMOS), methanol 
and water at pH values of 7 and 11.5 with target densities of 150 and 200 kg/m

3
, followed by an 

exchange of pore liquid from methanol to ethanol and evaporative drying.  

Approximately 2 mm thick dry gels were measured at the beamline B1 of HASYLAB in two 
detector – sample distances (935 mm and 3635 mm, respectively) at 12 keV energy of the incident 
beam, including transmission measurements in both configurations. The wet gels were placed in 
airtight sample cells with kapton foil windows and analyzed in the same manner.  

The normalized scattering curves for three xerogels synthesized with pH values and target densities 
as indicated are shown in Figure 1. As expected the scattering curve of the xerogel synthesized 
under neutral conditions has a totally different characteristic compared to the base catalyzed 
xerogels. The crossover in the scattering curve is shifted towards smaller q values thus revealing 
smaller structures in the neutral compared to the base catalyzed xerogel. This is in accordance with 
the adsorption isotherms shown in Figure 2, where the neutral gel has a high density of about 
1100 kg/m

3
 and shows no mesoporosity. The comparison between the two base catalyzed xerogels 

reveals a shift to lower scattering intensities with higher sample density as expected.  

In Figure 3 the scattering curves of a base catalyzed xerogel in the wet and the dry state are shown. 
The data of the wet gel has been corrected for the kapton foil and the different contrast (electron 
density difference between silica–vacuum vs. silica-ethanol). Comparison of the curves shows that 
the larger pores vanished during drying. This is a result of the drying stress due to capillary forces 
which typically cause shrinkage of 50 % in volume of the gel. However, the general features of the 
scattering curves are the same in wet and dried gel.  

Base catalyzed xerogels show significantly stronger optical switching than the neutral catalyzed 
ones. Detailed investigation of the distribution of the liquid phase in the pores upon adsorption of 
hydrocarbons will be performed with SANS measurements. 
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Figure 1: Scattering curves of silica xerogels 
synthesized with target densities of 150 and 

200 kg/m
3 
and pH values of 7 and 11.5. 

 

Figure 2: Nitrogen sorption isotherms 
for the same set of samples at 77K. 
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Single crystals of 2 type ( =Ca, Sr, Ba; X=Cl, I) doped by the rare-earth ions are of special
interest since they are considered as promising materials for effective scintillators [1]. However, the
significant hygroscopicity of these crystals prevents their detailed study and practical application.
This drawback can be eliminated by the formation of the 2-Eu type microcrystals embedded in
insulator matrix. The conditions of the SrCl2-Eu microcrystals formation embedded in NaCl host and
the study of the microcrystal luminescence properties upon the excitation in the 4f-5d absorption of
Eu2+ ions and in the region of band-to-band transitions of the NaCl matrix was the main purpose of
this work.

The  morphology  of  NaCl-SrCl2(1 mol.%)-Eu(0.02mol.%) crystalline system was studied using the
scanning electronic microscopy. Embedded microcrystals of 1 – 10 m size were revealed on the
microphotos. The electron beam analysis has shown the microcrystalline inclusions that contain Sr
and Cl elements in mass ratio corresponding SrCl2 compound. Time-resolved luminescent
spectroscopy studies were performed at T=9-300 K using the facility of SUPERLUMI station at
HASYLAB.

The luminescence spectra of SrCl2-Eu (a) and NaCl-SrCl2-EuCl3 (b) crystals at 10 and 295 K are
presented in Fig. 2. The spectral position of the luminescence band of Eu centers in NaCl-SrCl2-
EuCl3 crystal is located at 404 nm and it coincides with the one of SrCl2-Eu single crystal. This fact
together with experimental evidences from the scanning electron microscopy allow us to state that in
NaCl-SrCl2(1 mol.%)-EuCl3(0.02 mol.%) crystalline system the SrCl2-Eu microcrystals embedded in
NaCl host are created.
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Figure 1: Luminescence spectra of SrCl2-Eu (a) and NaCl-SrCl2-Eu (b) crystals upon the excitation of quanta
with exc=333 nm at =10 K (curve 1) and =295 K (curve 2).

At the same time the absence of the 428 nm luminescence band which is typical for Eu centers in the
luminescence spectra of NaCl-Eu system [2], indicates that majority of Eu ions enters in the SrCl2
microcrystals. The Eu center luminescence excitation spectra of NaCl-SrCl2-Eu system in the
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transparency region of NaCl and SrCl2 crystals contain two broad bands peaked at 3.7 and 4.8 eV
(Fig. 2 b) corresponding to 4f-5d absorption transitions in Eu ions. [3]. These bands by the spectral
position and structure coincide with excitation bands of Eu centres of SrCl2-Eu single crystal
(Fig. 2 a). It should be noted that the electron-vibrational structure of excitation bands in case of the
microcrystals is identical to one in SrCl2-Eu single crystal. This means that the spectral luminescent
parameters of the SrCl2-Eu microcrystals in NaCl matrix created during the annealing at 200 º  are
similar to ones of corresponding single crystal.

The  Eu  ion  emission  of  NaCl-SrCl2-Eu crystal upon the excitation in the NaCl fundamental
absorption region (E > 7.5 eV) is mainly observed at low temperatures (Fig. 2 b, curve 1). This
emission is appeared due to the reabsorption of self-trapped exciton (STE) luminescence from NaCl
matrix. The structure of the excitation spectrum of Eu emission band in this region coincides with
the structure of STE luminescence excitation band in NaCl crystal [4].

The decay kinetics of the 404 nm emission of the SrCl2-Eu microcrystals embedded in NaCl matrix is
characterized by the decay time constant of 460 ns at T=295 K. This decay time constant is shorter
than one for the same luminescence band in the SrCl2-Eu single crystal (670 ns, T=295 K). This
difference in the decay time constants of Eu center luminescence is assumed to be caused by the
different Eu concentration in the studied microcrystals and corresponding single crystal. It is known
that with the increase of the concentration of Eu impurity centers the decay time of the SrCl2-Eu
single crystal luminescence is significantly increased [3].
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Figure 2: Luminescence excitation spectra of impurity Eu centres: (a) SrCl2-Eu ( em=404 nm) and (b) NaCl-
SrCl2-Eu ( em=404 nm) at =10 K (curve 1) and =295 K (curve 2).

References

[1] N. Rebrova, T. Ponomarenko, V. Cherginets, N. Kosinov and L. Trefilova Book of Abstracts,
International Conference on Scintillation Materials Engineering and Radiation Technologies, Kharkov,
Ukraine, 2008 (Institute for Single Crystals, Kharkov, 2008), p.82.

[2] Yu. A. Ossypuan, R. B. Morgunov, A. A. Baskakov, S. Z. Shmurak and Y. Tanimoto, Phys. Stat.
Sol. A 201, 148 (2004).

[3] J. Moon, H. Kang, H. Kim, W. Kim and H. Park, Journal of the Korean Physical Society 49, 637
(2006).

[4] J. Beaumont, A. Bourdillon and M. Kablert, J. Phys. C: Solid State Phys. 9, 2961 (1976).

-106-



 1

Magnetism vs. local atomic structure in cobalt 
doped titania prepared by sol-gel 

 
J. Neamtu1, I. Jitaru2, E. Craciun2, L. Alexandrescu2, C. Leostean3, O. Pana3, N.G. 

Gheorghe4, D. Macovei4, C.M. Teodorescu4 
 

1National Institute for Electrical Engineering, Splaiul Unirii 313, 030138 Bucharest Romania 
2Polytechnica University, Department of Anorganic Chemistry, Polizu 1, 011061 Bucharest Romania 

3National Institute for Isotopic & Molecular Technologies, Donath 65-103, 400293 Cluj-Napoca Romania 
4National Institute of Materials Physics, Atomistilor 105b, 077125 Magurele-Ilfov Romania 

 
One of the major methods to obtain diluted ferromagnetic semiconductors (DMS) is by 
doping semiconducting oxides with magnetic components. In particular, TiO2 as an n-type 
semiconducting material has been widely investigated due to its high dielectric constant, 
excellent optical transmittance and photo-catalytic properties. Since Matsumoto et al. [1] 
reported room temperature ferromagnetism in anatase TiO2: Co grown by laser molecular 
beam epitaxy, TiO2-based ferromagnetic semiconductors have been of great interest. 
 Here we report on sol-gel synthesis of ferromagnetic TiO2:Co samples. A clear and 
stable sol was prepared as following: A 0.5 M solution of titanium isopropoxide (TiIP) (97%, 
Aldrich) in isopropanol was prepared and a certain amount of diethanolamine (DEA) was 
added to the solution to yield a DEA:TiIP molar ratio of 4. The solution obtained was stirred 
at room temperature for approximately two hours and subsequently, a Co(NO3)2 aqueous 
solution was added dropwise under vigorous stirring conditions (molar ratio H2O/TiIP/Co 
used was 1/2/x, where x = 0.01; 0.05; 0.1). This last solution was evaporated, dried in air and 
calcinated at 500 °C for 30 minutes. TiO2/Co thin films were prepared by spin-coating method 
on heated (60 °C) Si/SiO2 substrate. 
 Magneto-optical Kerr effect (MOKE) hysteresis loops (Fig. 1) revealed ferromagnetic 
ordering at both 4 K and room temperature. In addition, the 4 K MOKE signals shows the 
presence of a superparamagnetic phase, whose total weight decreases when increasing the 
doping (x). X-ray absorption fine structure (XAFS: Extended XAFS = EXAFS and X-ray 
absorption near-edge structure = XANES) measurements were recorded at the Hasylab 
synchrotron radiation facility in Hamburg, Germany (beamline E4). The Ti K-edge XAFS 
(Fig. 2) signals showed the formation of distorted anatase phases [2], whereas the Co K-edge 
XAFS (Fig. 3) ressembles closely to the Co metal signal. The Fourier transforms of the 
EXAFS functions are also close to the signals of metal Co (Fig. 4), with the exception of the 
sample with x = 1 %, where the first coordination shell is splitted into two subshells. The first 
subshell is close to the Ti-O coordination from titania, whereas the second subshell is close to 
the Co-O coordination from cobalt oxide. Consequently, in the case of low doping (1 %), the 
formation of two phases is observed, one which is most probably constituted by substitution 
of cobalt into the titania lattice and is attributed to the ferromagnetic phase of a DMS; the 
other being formation of cobalt oxide aggregates, which are found to be superparamagnetic. 
Increased doping (x ≥ 5 %) results in the formation of metal cobalt particles. 
 
[1] Y. Matsumoto, M. Murakami, T. Shono, T. Hasegawa, T. Fukumura, M. Kawasaki, P. 
Ahmet, T. Chikyow, S. Koshihara, H. Koinuma, Science 291, 854 (2001). 
[2] D. Mardare, V. Nica, C.M. Teodorescu, D. Macovei, Surf. Sci. 601, 4479 (2007). 
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Figure 1. MOKE hysteresis loops. 
 
 
 
 

→
Figure 4. Fourier transforms of the 
EXAFS functions at the Co K-edge 

and Ti K-edge. 

 
Figure 2. XANES at the Ti K-edge. 

 
Figure 3. XANES at the Co K-edge. 
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The Laves phase represents a group of intermetallic compounds that, besides very interesting 
physical and chemical properties, are considered as important hydrogen storage materials. 
Therefore, they are intensively investigated as materials necessary for future hydrogen energy 
development. Recently we succeeded to synthesize a number of novel deuterides materials by 
treating various Laves compounds under high deuterium pressure. They are generally stable 
and can be stored for a long time at normal conditions. Among synthesized materials, the 
most interesting is the group of RMn2D6 complex deuterides (were R=Y and Dy, including 
pseudobinary phases where Mn is partly substituted by Fe or Cr) which were obtained for the 
very first time from Laves phases. Although their properties were intensively investigated, the 
position of Mn, Fe and Cr atoms in the crystal structure and electronic structure of these 
compounds is not completely clear yet. 

Extended X-ray Absorption Fine Structure (EXAFS) measurements at the K edge of Mn and 
Cr were performed at E4 station at liquid nitrogen temperature in a fluorescence mode using a 
7-element silicon detector. EXAFS analysis was done using IFEFFIT package with Athena 
and Artemis programs [1]. 

In this report, we are presenting results for YMn2, YMn1.9Cr0.1, YMn1.8Cr0.2, before and after 
deuteration, measured on both Mn and Cr K-egdes.  

First, the position of Cr atoms in YMn2-xCrx was identified and it occurred that they substitute 
Mn atoms in a crystal lattice. Moreover, that substitution does not change YMn2 structure (see 
Figure 1). 
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Figure 1. Mn K edge Fourier transformed experimental EXAFS spectra and theirs fits for YMn2, 
YMn1.9Cr0.1 and YMn1.8Cr0.2 before deuteration.   

Deuteration process changes YMn2 structure form space group Fd3m (lattice parameter: 
a=7.681 Å) to Fm3m (lattice parameter: a=6.709 Å) [2]. Furthermore, Mn atoms in a new 
phase are located in two positions: (i) Mn (0, 0, 0) surrounded by 6 D atoms; (ii) Mn (¼, ¼, 
¼) where Mn randomly substitute Y atoms. The ratio between these two positions depends on 
the Cr content (see Figure 2). 
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Figure 2. Mn K edge Fourier transformed experimental EXAFS spectra and theirs fits for investigated 
compounds after deuteration: YMn2D6, YMn1.9Cr0.1D6 and YMn1.8Cr0.2D6.  

In the case of YMn2D6, the (i)/(ii) ratio is 50/50 and addition of Cr in amount of 10% do not 
change this proportion. However, for YMn1.8Cr0.2 90% of Mn atoms were found in the  
(¼, ¼, ¼) position.  

Analysis of EXAFS data for Cr K edge shows that the Cr atoms substitute Mn but different 
relation between the defined two positions in the crystal structure were found. Namely, the 
(i)/(ii) ratio is 70/30 for YMn1.9Cr0.1D6 and 35/65 for YMn1.8Cr0.2D6 (see Figure 3). That 
indicates that, in the case of compound with Cr content x=0.2, Cr atoms as well as Mn atoms 
prefer to substitute of Y atoms in the crystal structure.  
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Figure 3. Cr K edge Fourier transformed experimental EXAFS spectra and theirs fits for YMn1.9Cr0.1 
and YMn1.8Cr0.2 after deuteration. 
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Deformation Behaviour of Extruded Magnesium Alloy AZ31 

M. Huppmann, K. Brömmelhoff, W. Reimers 

Technische Universität Berlin, Metallische Werkstoffe, Ernst-Reuter-Platz 1, 10587 Berlin 
 

Based on its low-density magnesium alloys are very attractive for lightweight constructions [1]. 

Especially wrought magnesium alloys are desirable for structural applications due to their enhanced 

mechanical properties, especially under fatigue conditions [2]. However, one of the draw-backs of the 

most prominent wrought alloy AZ31 is the asymmetry of the compression – tension yield strengths 

which is due to the activation of  extension twins by compression along the prior working 

direction [3]. The twinning activity, the evolution of the microstresses and the evolution of the defect 

densities affect significantly the deformation and failure behavior. 

The aim of this experiment was the detailed analysis of the development of the defect density by 

means of X-ray reflection profile measurements on samples that were loaded under tension and 

compression and varying cyclic loading conditions. Therefore angular dispersive diffraction experi-

ments were performed using monochromatic high-energy synchrotron radiation (60 keV) at the GKSS 

materials science beam line HARWI-II. Due to the high penetration depth of synchrotron radiation, 

reflection profile measurements in transmission allow to collect data from a relatively large sample 

volume, i.e. with a good grain statistics without preparation artifacts. A Ge-scintillation detector was 

used to enable the highest possible resolution. 

Figure 1 presents the evolution of the integral width of selected reflection lines for different applied 

compressive and tensile strains. Both diagrams show a strong increase and irregularities of the 

integral width in the elastic-plastic transition regime below  < 1%, due to a strong asymmetry in the 

reflection profiles. At  ≥ 1% the reflection lines were shaped regularly and the width shows lower 

values which increase with increasing applied strain . The compression tests show a strong increase 

in the reflection width of the  and  parent grain orientations after exhaustion of the 

 twinning system ( = 8%), because nearly no reflection intensity of these orientations 

could be observed. 

 
Fig.1: Evolution of the integral width of the selected reflection profiles as a function of the applied 

strain  under: a) compression; b) tension 
 

Prior in-situ diffraction studies [4, 5] under cyclic loading conditions revealed that  

twinning is also activated during compressive loading first, while under subsequent tension all twins 

were re-orientated again in the first cycle [4]. With ongoing number of cycles N some residual twins 

remain in the tensile maximum due to the increasing defect density, which is an obstacle for the 

detwinning event. In the compressive maximum the twinning activity is a function of the applied strain 

or stress amplitude [4, 5]. It is assumed that the load dependent increase of the defect density and the 

superposition of the evolution of the microstresses is the reason for the differences in the twinning 

activity. Figure 2 shows the evolution of the integral width in the tensile maximum as a function of the 

numbers of cycles N for two different applied strain amplitudes A. At A = 0.45 %, slightly above the 
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yield point, a broadening of the reflection width could be observed with ongoing number of cycles N, 

while at A = 0.35 %, slightly below the yield point, no broadening could be observed. Both results 

confirm the influence of plastic deformation on the defect density during cyclic loading of the 

specimens. 

 
Fig.2: Evolution of the integral width of the selected reflection profiles as a function of the number of 

cycles N for different applied strain amplitudes A: a) A = 0.45 %; b) A = 0.35 % 
 

The influence of the applied stress amplitudes A on the reflection intensities (Fig. 3a) and the integral 

width (Fig. 3) are shown for samples tested until failure. The intensities of the  and  parent 

grain orientations decrease and the intensities of the  twinned grain orientation increase with 

increasing applied stress amplitude A. The width of all reflection lines increases with increasing A. 

 
Fig.3: Influence of the applied stress amplitude A for samples tested until failure: a) Evolution of the 

intensities of the selected reflection lines; b) Evolution of the integral width of the selected 

reflection profiles 
 

The detailed profile analyses using the Rietfeld-refinement program “MAUD” is still in progress. 

“MAUD” delivers information about the domain size, the stacking fault probability and the twinning fault 

probability, which help to achieve a better understanding of the twinning activity under cyclic loading. 
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Dopant Valences in 
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Energy storage luminophors can store energy ranging from visible light to γ rays. In these materials, the 
storage properties result from energy levels capable of trapping energy. These trap levels are due to 
structural defects as e.g. oxygen vacancies that can trap electrons. The energy is then released as light by 
either optical or thermal stimulation, or both. Such materials are currently used in many applications as e.g. 
X-ray imaging, dosimetry and self-lit signalization. 

Persistent luminescence is emission observed at room temperature - stimulated by the thermal energy 
available - after the removal of the excitation/irradiation source. Currently, the best persistent luminescence 
material is Sr2MgSi2O7:Eu2+,Dy3+ [1]. It can store energy e.g. from sun or lamps and release it as light 
persisting for up to 24 hours in the dark. Sr3MgSi2O8:Eu2+,Dy3+ has also been reported to show weak 
persistent luminescence [2], but the trap structure of the Sr3MgSi2O8:Eu2+,R3+ (R: rare earth) materials [3] 
has indicated that with suitable co-doping the materials show more potential for dosimetric use. The Eu2+ ion 
acts as the luminescent center in these materials, but the role of the co-doping R3+ ions as well as of other 
lattice defects is uncertain. In persistent luminescence materials, the R3+ ions have been suggested to trap 
holes [4] or electrons [5] or just to create lattice defects [6] due to charge compensation. 

In this work, the valence of selected Rn+ (co-)dopants (Eu2+; Nd3+ and Dy3+) in the Sr3MgSi2O8:Eu2+,R3+ 
energy storage luminophors were studied by XANES measurements using the beamline E4 at HASYLAB 
(DESY, Hamburg, Germany). The measurements were carried out at room temperature in the fluorescence 
mode using a SDD-MI 7 channel silicon drift detector. All the materials studied show persistent 
luminescence, but the singly doped one produces a signal not strong enough to a naked eye. 

To clarify the mechanisms of energy storage and release leading to persistent luminescence, the existence of 
the different R2+/R3+/RIV ions needs to be studied. The XANES results at room temperature indicated the co-
existence of both the divalent and trivalent europium in all the materials studied (Fig.). A similar effect has 
been observed also for Sr2MgSi2O7:Eu2+,R3+ [7] and CaAl2O4:Eu2+,R3+ [8] persistent luminescence materials. 
This observation is in agreement with most persistent luminescence mechanisms presented so far that 
suggest a change in the valence state of Eu2+ during the complex charging process. Our previous XANES 
results have indicated the oxidation of Eu2+ to Eu3+ in the X-ray beam for Sr2MgSi2O7:Eu2+,R3+ [7] but only 
with high fluxes (>1011 photonss-1mm2) [8]. For CaAl2O4:Eu2+,R3+ no dose or time dependent change in the 
valence seems to take place during persistent luminescence [8], though it is also possible that the Eu2+/Eu3+ 
ratio becomes constant so fast after introducing the material in the X-ray beam that no further oxidation can 
be observed. The presence of Eu3+ may be due to the incomplete reduction despite the N2 + 12% H2 
atmosphere used for the synthesis, as well. It seems most plausible, however, that instead of the outright 
formation of the Eu3+ species, one can assume the mechanism of persistent luminescence to involve the 
formation of a Eu2+-h+ pair similar to the Tb3+-h+ one in the Lu2O3:Tb3+,M2+ (M: Ca, Sr, Ba) persistent 
luminescence materials [9]. 

The co-dopants were observed to be in the trivalent form in Sr3MgSi2O8:Eu2+,R3+ (Fig.). This is also in 
agreement with the Sr2MgSi2O7:Eu2+,R3+ [7] and CaAl2O4:Eu2+,R3+ [8] series, though the possibility of a 
trace amount of CeIV could not be ruled out for Sr2MgSi2O7:Eu2+,Ce3+. 
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In the future, the data will be complemented for the XANES data of the other R3+ co-doped materials in the 
Sr3MgSi2O8:Eu2+,R3+ series. Also, the EXAFS measurements will be carried out to probe the local structure 
around the Eu2+ and R3+ ions. 

Unfortunately, the latest (July 2009) beamtime at the E4 was plagued with a lot of instrumental difficulties. 
These included the problems with horizontal alignment of the cryostat sample holder with respect to the 
beam, malfunction of the motor moving the sample holder vertically, problems with network affecting the 
communication with the Mostab, malfunction of the cryostat as well as the software causing the 
measurements to stop at random points due to segmentation faults. Nevertheless, measurements were also 
made for Ca2MgSi2O7:Eu2+,R3+ and Y2O2S:Eu3+,Mg2+,TiIV persistent luminescence materials as well as for 
GaN:R3+. The data treatment and analysis is currently in progress. The results will be published promptly in 
appropriate international journals. 

 

 

 

 

 

 

 

 

Figure: Eu(LIII) and R(LIII) XANES spectra for Sr3MgSi2O8:Eu2+,R3+ (R3+: none, Nd3+, Dy3+) at room 
temperature. 
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Characterisation of Advanced and Free-Machining 
Titanium Alloys by Synchrotron Radiation 
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Due to the combination of low density and high strength, titanium alloys are widely used in mechanical 
engineering, especially in the fields of aerospace and medical applications. During the related component 
manufacturing up to 70% of the volume have to be removed from the semi-finished part by machining. 
Metal cutting of titanium alloys, however, involves high production costs because of their poor 
machinability. Due to the formation of long chips, machining operations cannot be automated as an operator 
must interrupt the process as often as it is necessary to remove the long chips from the cutting zone.  

To improve the machinability of the (α+β)-titanium alloy Ti6Al4V (Ti-6-4) and the β-titanium alloy 
Ti15V3Al3Cr3Sn (Ti-15-3-3-3) small amounts of the rare-earth metal element lanthanum (between 0.9% 
and 1.8%) have been added to these two standard alloys [1]. Lanthanum is almost insoluble in titanium at 
room temperature so that the microstructure of the modified alloys consists of a titanium matrix and small 
round precipitates mainly located on the grain boundaries. Lanthanum has a relatively low melting point 
compared to titanium. During machining of the two titanium alloys the local temperatures increase to more 
than 1200K in the so-called primary shear zone. The lanthanum particles should therefore soften or even 
melt, the adhesion would be diminished and the chips should separate into small fragments. In turning 
experiments, short breaking chips formed in La-containing Ti-6-4 alloy whereas long chips have been 
observed in Ti-15-3-3-3 +La alloy. 

The phase composition of the alloys and the nature of the particles have therefore been studied by means of 
synchrotron radiation at beamline BW5 of Hasylab, DESY. The volume fraction of the precipitations is too 
small to be detected by conventional X-rays and lanthanum is very reactive so that particles with surface 
contact oxidise once exposed to air. Hence, information from the bulk material is needed [2]. Samples of                   
7 mm thickness were therefore analysed in transmission. The particles in La-containing Ti-6-4 alloys consist 
of metallic α- and β-lanthanum independent of the thermo-mechanical treatment. In addition, α- and β-
titanium are detected as expected. 

In La-containing Ti-15-3-3-3 alloys in the as cast state, all diffraction spectra indicate the presence of β-
titanium, see fig 1 [3]. This phase is clearly identified by six dominant peaks on the spectra. Compared to 
pure β-titanium, the lattice parameter of the β-cell (containing dissolved β-stabilisers like Vanadium) has 
slightly decreased from aβ-Ti, pure = 0.33065nm to aβ-Ti, β-stab = 0.3212nm. In addition, La5Sn3 precipitates are 
identified in lanthanum-containing alloys by several small peaks additional to those matching to β-titanium. 
It has a tetragonal structure with unchanged lattice parameters of a = 1.27490nm and b = 0.63490nm,        
see fig. 1. 

In the deformed state, three different phases can be identified from the diffraction spectra of                    
Ti-15-3-3-3 + 0.9% La. The alloy has been deformed at three different temperatures (650°C, 750°C and 
850°C), see fig. 2. Like in the as cast state, β-titanium is present as expected. In addition, La5Sn3 is visible in 
unchanged form even after the deformation at 850°C indicating thermal stability of the La5Sn3 intermetallic 
phase. Moreover, α-titanium forms during the deformation at 650°C. The related lattice parameters are aα-Ti 
= 0.292nm and cα-Ti = 0.467nm and are almost unchanged compared to pure α-titanium. This demonstrates 
that the compression in this case occurred below the β-transus-temperature which is situated between 750°C 
and 770°C in Ti-15-3-3-3 alloy. 

The melting point of pure lanthanum (1191K) is close to the temperature occurring in the primary shear zone 
so that the particles soften or melt, the chips separate and short breaking chips form [4]. The melting point of 
La5Sn3 (1773K) is higher than the temperature in the primary shear zone so that no chip fragmentation is 
observed. Nevertheless, due to these thermodynamically stable precipitations the modified Ti-15-3-3-3 
alloys are interesting for applications at elevated temperature. 
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Figure 1: Diffraction spectra of Ti-15-3-3-3 alloy and Ti-15-3-3-3 +0.9% La alloy analysed by means of 
synchrotron radiation. The particles consist of La5Sn3 intermetallic phase 

 

 

Figure 2: Diffraction spectra of Ti-15-3-3-3 + 0.9% La deformed at 650°C/750°C/850°C. The large peaks 
refer to β-titanium in all three samples. The small peaks visible only in the alloy deformed at 650°C belong 
to the α-titanium phase. The remaining peaks belong to La5Sn3 intermetallic phases. 
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Small Angle X-ray Scattering Studies of Cavitation 
Process in Deformed Homopolymers
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The mechanical properties of plastics determine their possible application. The mechanisms of 
elastic and plastic deformation were intensively studied, however, there are some aspects which are 
poorly recognized and understood. An example is the plastic deformation of uniaxially stretched 
semicrystalline polymers. It is known that existing crystalline elements are fragmented at large strains 
and rearranged into fibrils. Often, but not always,  the beginning of lamellae fragmentation is 
accompanied by a formation of numerous voids inside the volume of polymer [1,2]. Macroscopically 
the cavitation may be observed as a rapid increase of  small angle X-ray scattering from nanometer 
size voids or/and as a whitening of the material, when the voids grew to larger sizes, comparable to 
the wavelength of light.  In a typical semicrystalline polymer the scattering from cavities occurs 
when the so-called yield point on stress-strain dependence is reached.      

The recent experiments of our group, partially done in the HASYLAB, shown that there is a 
competition between plastic deformation (fragmentation) of crystals and breakup of the amorphous 
phase. If the crystals are small, defected and weak, it is easier with increasing applied stress to 
initiate their deformation than to break entangled amorphous network between crystals. If the 
crystals are characterized by large deformation resistance then the amorphous phase breaks first and 
numerous voids are formed. It means that by changing of internal morphology, for example by 
controlling crystallization process, or selecting of deformation conditions, i. e. temperature or testing 
rate, it is possible to modify the way of plastic deformation from cavitational to non- cavitational.  

Figure 1: Force-strain dependence for tensily deformed polypropylene sample, previously isothermally 
crystallized at 128 oC. The SAXS patterns, registered in situ during stretching, are shown for selected  strains. 

Deformation direction on patterns is vertical. 
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The goal of the current studies is a more accurate determination of the relation between changes of 
the internal structure of deformed polymers and the formation of cavities by using SAXS technique 
in situ during tensile deformation. We focused on the cavitation in the polypropylene thick films, 
prepared by crystallization from melt in the isothermal conditions. Figure 1 shows the force-strain 
curve and small angle scattering patterns (SAXS) for PP sample crystallized at 128 oC and stretched 
uniaxially in room temperature with strain rate of 5%/min. The polymer deformed with yield 
however elongation to break was small, around 16%. The SAXS pattern from not deformed 
polypropylene shows the concentric ring, representing scattering on periodic lamellar structure, so 
called long period. It is visible that with increase of deformation the shape of ring changes, indicating 
the increase of long period in deformation direction. At the strain of 10%, i. e. before yield point, is 
visible new, very strong scattering signal. The reason of this signal is formation of voids. From the 
shape of signal it may be deduced that the voids are elongated perpendicularly to deformation 
direction. The intensity of cavitation rapidly increases around yield which is clearly visible if compare 
patterns for sample strained to 10 and 15%. 

The isothermally crystallized samples have a relatively large crystallinity, so their ability to large 
tensile deformation is limited and obtained strains are on the level of 20%. However it seems very 
interesting that voids are not created on the begin of deformation, as would be expected in strained 
amorphous phase, but cavitation occurs around the yield, similarly to previously studied non 
isothermally crystallized polymers. The role of crystallization temperature on the cavitation 
phenomena and intensity of voiding will be the subject of further studies in the frame of current 
project I-20090069 EC

. 

References

[1] A. Pawlak, A. Galeski, Macromolecules 38, 9688-9697 (2005). 
[2] A. Pawlak, Polymer  48, 1397-1409 (2007). 

-118-
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The aim of this research work is to develop ceramics in calcium silicate / silicate phosphate 

systems those exhibit suitable properties to be used for biomedical applications. The effect of various 

catalysts was investigated on the supramolecular structures in the calcium silicate systems [1, 2, and 

5].  

The new possibility, the simultaneous SAXS and WAXS investigation opens a new aspect to 

determine the exact crystalline structures. The previous XRD measurements detected only 

amorphous phases in the calcium silicate samples prepared with larger volume of ammonia catalyst 

whilst the WAXS investigation is capable to represent even the not so well developed crystalline 

phases. See the Figure 1. The sample dried at 80 ºC contains a crystalline phase of basic calcium 

nitrate regarding the WAXS data and the XRD measurement depicts only amorphous character in 

the same sample (Fig. 1). According to the WAXS investigations, the silicon and calcium content 

compose separate phases such as silicon dioxide and calcium carbonate phases between 160 and 460 

ºC.  A drastic change occurs around 500 ºC, an amorphous system forms temporarily. During that 

the calcium atoms are incorporating into silica network. The infrared spectroscopy also proves this 

reaction. A new crystalline phase, calcium metasilicate (wollastonite) appears above 700 ºC.  
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Fig. 1.  WAXS curves and XRD diagram for calcium silicate system prepared with NH3 catalyst (10 molar 

ratio of NH3 / (Ca or Si) vs. temperature of heat treatment 

 
The effect of various amounts of catalysts (acetic acid and ammonia) was investigated on the 

nano-scale structure. The SAXS measurements prove an open randomly branched structure for wet 

Ca silicate gel samples produced with acetic acid catalyst. By heat treatment, the branched structure 

turns into a more compact aggregate structure. 
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Using ammonia catalyst, the samples, even the hydrogel are built up from aggregates. (The 

aggregate structure defines a random packing of colloidal particles.) Figures 2, 3 represent the 

SAXS curves for calcium silicate prepared with various amount of ammonia catalyst and heat treated 

at different temperatures. The rough surfaces of aggregates can be characterized by 2.1 – 2.8 surface 

fractals (Ds). The aggregates size changes between ~ 10 nm to ~ 20 nm in the samples dried at 80 

ºC. The size of aggregates is growing by increasing amount of ammonia. The aggregates sizes of 

samples heat treated at 700 ºC vary also from ~ 10 to ~ 25 nm proving the heat treatment has no 

effect on the aggregate size. On the basic of XRD measurements, the crystallinity is reducing by 

larger volume of catalyst. The structure density of calcium silicate samples diminishes slightly by 

growing the volume of ammonia. However, the hardness of samples does not really change in the 

function of ammonia content. 
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Fig. 2. SAXS measurements for calcium silicate                  Fig. 3. SAXS measurements for calcium silicate 
systems dried at 80 ºC                                                              system heat treated at 700 ºC 
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During the last years the interest in processing of porous materials on the nanoscale has drastically 
increased. It has been stimulated by the successful efforts for controlled fabrication of hollow 
nanostructures via the Kirkendall effect [1]. The Kirkendall effect may occur during interdiffusion 
or reaction processes, resulting in formation of a porous layer on the side of the more rapidly 
diffusing component at the interface between two materials with strongly different diffusion 
coefficients.  
 
Recently significant progress has been achieved in the preparation of high-quality thin oxide films 
via atomic layer deposition (ALD) [2]. This also motivated activities to study the Kirkendall effect 
in ALD-grown oxide film pairs during a solid-state reaction (SSR) resulting in formation of a spinel 
oxide. The corresponding reaction can be written as AO + B2O3 → AB2O4, where  A and B are 
elements (metals) with valencies 2+ and 3+, respectively, and O is oxygen with a valency of 2-. 
 
In the present study we propose an effective way to track the Kirkendall effect in ALD-grown 
planar thin oxide film systems by combining X-Ray reflectivity (XRR), and transmission electron 
microscopy (TEM). 
 
As an example, we demosntrate the results for “model” Al 2O3/ZnO thin films system, for which the 
SSR with Kirkendall voids formation at 600 °C is already known.  
 
Al 2O3 and ZnO thin films were deposited at 80 °C using correspondingly the trimethylaluminum 
(AlMe3, TMA) and diethylzinc (ZnEt2) reaction with water vapour. Both metal-organic precursor 
sources were maintained at room temperature, whereby the water precursor source was stabilized at 
50 °C to obtain a sufficiently high water vapor pressure.  
 
The experimental XRR spectrum of the Al2O3/ZnO sample - ALD-grown on 100nm thick Si3N4 
buffer - annealed one hour at 600 °C in argon atmosphere is presented in Fig. 1. 
 
It is fitted using a recursive Parrat algorithm using the software developed by Andreas Stierle [3].  
The best fitting curve together with a corresponding electron density distribution model is also 
presented in Fig. 1. Here, starting from the sample surface, XRR senses the dense 49 nm thick film, 
a 3 nm thin layer with an order of magnitude lower electron density, and a 100 nm thick Si3N4 
substrate layer. According to the cross-section TEM image of the corresponding structure (Fig. 2) 
the layers detected by XRR can be correspondingly identified with an Al2O3 layer and a layer with 
Kirkendall voids. It is interesting that the XRR-model does not require any information about the 15 
nm thick polycrystalline ZnAl2O4 spinel layer (product of a solid-state reaction) as well as about 
unreacted polycrystalline 60 nm thick ZnO film. The reason for this might be a high roughness of 
the corresponding films. This high roughness presumably dumps the XRR-oscillations from the 
corresponding layers making them irresolvable in the XRR spectrum. Obviously, the porous layer 
also possesses a high roughness. But the reason why the porous layer is nevertheless visible on the 
XRR-spectrum is assumed to be its higher optical contrast relative to the surrounding films.   
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Based on the extracted XRR-model, we deduce that the layer of Kirkendall voids can be directly 
detected as a long-periodic oscillation on the XRR-spectrum for samples in which the solid-state 
reaction process is expected.  
We acknowledge the support by Deutsche Forschungsgemeinschaft (DFG) via Projects NI 616/11-1 
(Hamburg) and HE 2100/8-1 (Halle).  
 
 

 

Figure 1: (a) Experimental XRR-spectrum for the Al2O3/ZnO system on Si3N4(100 nm)/Si(100) after one 
hour annealing at 600 °C fitted by the spectrum for the model structure presented in (b). In the structure 
model δ is the real increment of the refractive index of the materials which is related to the material density. 

 

 

 

 

 

 

 

Figure 2: Cross-section TEM images of an Al2O3/ZnO system on Si3N4 (100 nm)/Si                               
substrate after one hour annealing at 600 °C. 
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Fe-Mn-Si based shape memory alloys have recently been regarded as prospective materials for 
industrials applications owing to their shape memory effect.  This is related to stress induced 
martensitic transformation between γ-FCC and ε-HCP phases by stacking faults formation and the 
reverse transformation.  In the iron based phases Mn and Si atoms occupy randomly the position of 
Fe atom [1-3].  Standard methods of production of such materials, including induction or arc 
melting, have already been extensively investigated.  Mechanical Alloying (MA) used in this work 
is one of the techniques able to produce alloy powder with solid state reaction.  Unique 
microstructures, nanoscale structures and nonequiblium phases like amorphous phase obtained can 
improve and control materials properties, including magnetic ones [4-6]. In this study, properties of 
Fe-Mn-Si powders obtained with MA by a planetary ball mill are investigated by means of X-ray 
absorption fine structure (XAFS) spectroscopy.  The measurements have been carried out for 
powder samples at the beamline X in HASYLAB/DESY. 

Commercially pure Fe (99.9%), Mn (99.9%) and Si (99.9%) elemental powders with composition 
of Fe60Mn29Si11 were mechanically alloyed in stainless steel vials with several stainless steel balls 
in argon gas (99.999%) atmosphere in order to minimize oxygen contamination during MA. The 
ball-to-powder weight ratio was approximately 8:1 and the rotation speed was 600 rpm. The 
alloying period of 30 min was alternated with an equal rest time in order to avoid excessively 
increasing temperature during MA. A Frisch Pulverisette 7 planetary ball mill was used. The two 
samples (Sample1 and Sample2) were produced using the same procedure although revealing 
different magnetic properties and crystal structure as shown by magnetization and powder 
diffraction. Basing on these results we found that Sample1 consists of two phases (γ-FCC and ε-
HCP), while Sample2 reveals some addition of iron α-BCC phase. To confirm this scenario we 
performed an atomic selective local structure studies around Fe sites using XAFS technique. 
Measurements were carried out at the Fe-K edge at 10K and the data analysis was carried out with 
FEFFIT software [7]. 

Figure 1 shows normalized XAFS spectra at the Fe-K edge and kχ(k) EXAFS function with 
Hanning window for Sample1 and Sample2 (left) and Fourier transforms, χ(R) (right) for Sample1, 
Sample2 and pure Iron powder for a comparison.  A slight difference in the shape of the absorption 
edge indicates some difference in Fe electronic state and the symmetry of atomic environment of 
iron in the two samples.   

Fourier transformed EXAFS functions, χ(R) show a dominant nearest neighbor shell peak at about 
2.5Å with its intensity differing between the samples and elemental iron powder.  Considering this 
intensity as proportional to coordination number around the absorbing atom, we take into account 
the coordination numbers for the γ-FCC, ε-HCP and α-BCC phases which are 12, 12 and 8 
respectively. As the nearest neighbor peak intensity for Sample2 is between those of Sample1 and 
pure Iron powder, it could be concluded that Sample2 was in the course of transformation from α-
BCC to random γ-FCC solid state solution phase, and eventually ε-HCP formed after MA by 
stacking fault formation. The amount of α-BCC phase is estimated to be 45(5)% and is a subject to 
further investigation using Mössbauer spectroscopy. In addition, the peak around 4.8Å 
corresponding to the third nearest neighbours for Sample2 is weaker than that of pure Fe powder. 
Besides, this peak for Sample1 is broad, which indicates that Sample1 is possibly close to 
amorphous state.  
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Figure 1: Normalized XAFS spectra at Fe-K edge and kχ(k) EXAFS functions with Hanning window of the 
Fourier transforms for Sample1 and Sample2 (left), and Fourier transforms, χ(R) for Sample1, Sample2 and 
pure Iron powder (right). 

Acknowledgement: We appreciate a support from HASYLAB at DESY for carrying out our experiment. 
The experiment has been carried out as an In-House research of one of the co-author.  

References 

 
[1] A. Sato, Y. Yamaji, T. Mori, Acta Metall. 34, 87 (1986). 
[2] Q. Zuoxiang, Y. Manping, Z. Yansheng, J. Mater. Sci. 31, 2311 (1996). 
[3] H. Otsuka, H. Yamada, T. Maruyama, H. Tanahashi, S. Matsuda, M. Murakami, ISIJ International, 

30, 674 (1990). 
[4] F. Simoes, B. Trindade, Mater. Sci. Eng. A397, 257 (2005). 
[5] K. Shengzhong, F. Liu, D. Yutian, X. Guangji, D. Zongfu, L. Peiqing, Intermetallics, 12, 1115 

(2004). 
[6] K. Tokumitsu, Solid State Ionics, 102-103, 25 (1997). 
[7] A. L. Ankudinov, C. E. Bouldin, J. J. Rehr, J. Sims, H. Hung, Phys. Rev. B65, 104107 (2002). 

 

7100 7150 7200 7250 7300

Sample1

Sample2

X
-r

a
y
 a

b
s
o
rp

ti
o
n
 [
a
.u

.]

E [eV]

-0.3

-0.2

-0.1

0

0.1

0.2

0.3

0.4

0.5

0 2 4 6 8 10 12 14

k
χχ χχ

(k
) 
[ ÅÅ ÅÅ

-1
]

k [ÅÅÅÅ
-1
]

-0.3

-0.2

-0.1

0

0.1

0.2

0.3

0.4

0 2 4 6 8 10 12 14

k
χχ χχ

(k
) 
[ ÅÅ ÅÅ

-1
]

k [ÅÅÅÅ
-1
]

0 1 2 3 4 5 6

Sample1

Sample2

Pure Fe powder

χχ χχ
(R

) 
[a

.u
.]

R [ÅÅÅÅ]

-124-
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It was found 50 years ago [1] that the amount of light emitted in the scintillation spark caused by absorption 
of an X-ray or a γ-quantum in a crystal is not precisely proportional to its energy. This finding appears 
important because it causes the energy resolution achievable with scintillation material to deteriorate. 
Although the phenomenon of non-proportional response and its relation with energy resolution has been 
studied quite intensively [2-4] there are still many major gaps in our understanding of the underlying 
physics. New theoretical models and accurate data by dedicated experimental techniques are needed to 
reveal the true origin of energy relaxation and dissipation inside the solid state. Better knowledge of the 
fundamental mechanisms of energy loss is necessary in the search for new highly effective and low energy 
resolution scintillators.  

To obtain more detailed non-proportionality curves of Lu3Al5O12:Pr3+ (LuAG), Gd2SiO5:Ce3+ (GSO), 
Lu2SiO5:Ce3+,Ca (LSO) and Lu2Si2O7:Ce3+ (LPS), experiments at the X-1 beamline at the Hamburger 
Synhrotronstrahlungslabor (HASY – LAB) synchrotron radiation facility in Hamburg, Germany were 
carried out. A highly monochromatic pencil beam in the energy range 9 – 100 keV was used as excitation 
source. A tunable double Bragg reflection monochromator using a Si[511] and Si[311] set of silicon crystals 
providing an X-ray resolution of 1 eV at 9 keV rising to 20 eV at 100 keV was used to select the X-ray 
energies.  

 

Figure 1: Pulse height spectra of Gd2SiO5:Ce3+ recorded using monochromatic X-rays. 1)10 keV, 2) 25 keV, 
3) 40 keV, 4) 55 keV, 5) 70 keV, 6) 85 keV, 7) 100 keV. For spectra 4) to 7) escape peaks are present. 

Fig. 1 shows synchrotron X-ray pulse height spectra of Gd2SiO5:Ce3+ recorded with a Hamamatsu R1791 
PMT connected to a homemade preamplifier, an Ortec 672 spectroscopic amplifier and an Amptek 8000A 
multichannel analyzer (MCA). Each sample was optically coupled to the window of the PMT with Viscasil 
600 000 cSt from General Electric. To improve the collection of scintillation light, the crystal was covered 
with several layers of ultraviolet reflecting Teflon tape (PFTE tape) forming an “umbrella” configuration [5]. 
All measurements were carried out at room temperature. 

The photon response of the scintillators was determined using monoenergetic X-rays with energies between 
9 and 100 keV with a 5 keV step size. In the low energy range 9 to 15 keV, a 1 keV step size was used. A 
much finer step size of 25 eV was used near the K-shell binding energy of 63.314 keV for Lu or 50.239 keV 
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for Gd-based compounds. Fig. 2 shows the relative scintillation photon yield as a function of X-ray energy 
for LuAG, GSO, LSO and LPS. The nonproportional response is defined as the photoelectron yield/MeV at 
energy E divided by the photoelectron yield/MeV at 662 keV. All four materials reveal similar features. 
When moving from high energy towards low energy, we observe a relatively slow decrease of 
proportionality down to the K-edge energy. Fig. 2 shows that at the Lu or Gd K-edge energy the non-
proportionality curve increases with a clear discontinuity at the edge. For LuAG the response at the edge 
increases by about 2.1%, while for GSO it is 3.6%. LSO has a change in response of 5.9% and this increases 
to 6.8% for LPS. Moving further towards lower energy we observe a drop of proportionality below the K-
edge. At 9 keV the efficiency has decreased by 15%, 31%, 45%, and 60% for LuAG, GSO, LSO, and LPS, 
respectively. For the Lu-based compounds there are also discontinuities in the non-proportionality curve at 
the Lu L-shell energy. 

 

Figure 2: Scintillation photon yield at RT as a function of X-ray energy for LuAG, GSO, LSO and LPS, 
relative to the photon yield at 662 keV excitation. The inset shows a 25 eV step size energy scan between 63 

and 65 keV for LSO. 

In this report we presented the non-proportionality response curves determined using direct observation of 
photo peaks from total absorption of highly monochromatic X-ray synchrotron irradiation; 9 – 100 keV X-
rays were used. Typically 5 keV step size was used, much finer step size of 25 eV was used around the K 
absorption edges of the high Z atoms in the scintillator. For each X-ray energy, energy resolution was 
determined as well and can be seen in [6].  

In [6] as well methods to obtain the photon response curve in the low energy range are presented. A method 
to obtain the photon response curve in the low energy range down to 5 keV using Kα and Kβ escape peaks is 
shown. Analysis of detailed data of the non-proportionality just above the K-edge, a method that we called 
K-dip spectroscopy, makes it possible to reconstruct the electron response curve that starts already at 
energies as low as 100 eV. 
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The 100 USD Federal Reserve Notes (FRN) are most frequently falsified. The so-called “super 
hundreds” or “super dollars” are “very high quality” false bank notes printed on Giori presses by 
the intaglio method with iron-bearing pigments similar to those used by the Bureau of Engraving 
and Printing (BEP) in Washington DC. To avoid further problems the BEP released enormous 
quantities of newly designed 100 USDs. However, the new design was immediately counterfeited, 
too. Soon, the new design of the 50 USD was also counterfeited (Fig. 1). A large number of 
authentic and counterfeit USD bank notes were studied by means of two experimental techniques: 
Mössbauer spectroscopy and Energy Dispersive X-Ray Fluorescence (EDXRF) analysis [1-4]. One 
example and summary of all Mössbauer results obtained are present in Fig. 1.  

Our HASYLAB project include EDXRF investigations of micro areas on the counterfeited bank 
note surface, covered by one color only and with one layer of paper only, and XANES analysis of 
the K-edge, which is sensitive to the oxidation state of 3d-transition metals. The experimental setup 
of Beamline L offers the necessary equipment for these experiments. The multi element trace 
analysis may answer the forensic question: did the forgeries have one and the same source of 
dissemination? The X-Ray spectroscopy, XANES and the Mössbauer measurements have been 
analyzed in parallel.  

 

 

Figure 1: (top) Mössbauer spectrum obtained 
at room temperature from a single counterfeit 
50 USD bank note; (center) Photograph of the 
newly designed counterfeited 50 USD bank 
note from which the Mössbauer spectrum was 
obtained; (bottom) Distribution of Mössbauer 
parameters of all bank notes measured in a 
coordinate system with the following three 
axes: first-line area ratio of the B- and A-sites 
sextets in magnetite IB/IA; area ratio between 
the first line of the green dye sextet and the 
first line of the A-sites sextet in magnetite 
IG/IA; and ratio of the experimental line widths 
for the first lines of the B- and A-sites of 
magnetite ΓB/ΓA. Red dots - genuine 100 USD 
issued between 1934 and 1993 (without the 
issue of 1990), green dots - genuine 100 USD 
issued 1990, and the boundary of the 1990 
sample is marked with a green line. Black 
dots- counterfeit 100 USD old bill, blue dots - 
counterfeit 100 USD new bill, and cyan dots - 
counterfeit 50 USD new bill. Authentic and 
counterfeit bank notes with similar parameters 
are marked with a red line [4]. 
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First we want to address to the EDXRF analysis of 
the paper used for printing USD bills, because in the 
earlier studies the blank paper was not studied by 
means of Mössbauer spectroscopy. The paper used 
for printing counterfeited old 100 USD bank notes 
contain as a whitening and filling agent only TiO2 
(Fig.2 a). For the printing of counterfeited new 100 
USD and counterfeited new 50 USD bank notes 
mixtures of TiO2 and a calcium compound, probably 
CaCO3, in specific ratios are used (Fig. 2 b, c). Fig. 2 
d presents the element composition of the paper used 
in simple forgeries printed without any iron-bearing 
pigments. Here the main element is Ca. These 
specificities are typical for the whole group. Every 
single group has specifically traced microelements 
presented as impurities in TiO2, i. e. in the third group 
they are Fe, Cu, Zn, Y (main), Zr and Nb (Fig. 2 c). 
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Figure 2: EDXRF analysis of paper used by the 
printing of different groups of counterfeited USD 
bank notes. The explanation is given in the text. 

The “high quality” forgeries are printed with 
magnetite Fe3O4 black dye. The Mössbauer spectro-
scopy measurements (Fig. 1) provide evidence for 
one and the same source of dissemination. Large 
variations in the chemical composition of the green 
printing inks are detected. Simple green pigment, 
PbSO4⋅xPbCrO4⋅yFe4[Fe(CN)6] [5] or chemically 
pure chrome green, Cr2O3 was identified.  

Figure 3: Mössbauer spectra obtained at 130 K and 
XANES results obtained at room temperature (inset) 
from two different black-day pigment show very 
different and specific Fe3+/Fe2+ ratio.  

The Mössbauer and XANES studies confirm that 
magnetite pigment are always very specific (Fig. 3), 
they are used to faint 14 counterfeited bank notes 
printed in different years, with nearly always the 
same Fe3+/Fe2+ ratio, which is incredible. The results 
from the EDXRF analysis of the blank paper and of 
the black and green pigment are very similar and 
confirm the classification of the group of 

counterfeited bank notes. This is an additional argument that if not all counterfeited bank notes or 
dyes have the same source of dissemination, then at least they have been prepared using quite 
similar constituents. 
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Fast scintillators emitting in VUV spectral region can be coupled with position-sensitive detectors 
filled with photosensitive gases or with the other VUV-sensitive detectors and used in special imaging 
techniques. Wide band-gap fluorides can be used for this purpose and the Nd3+ ion provides fast 5d-4f 
emission around 180-190 nm in the host lattices like LaF3, LiYF4, BaF2, BaY2F8 and others [1]. Also 
other rare earth ions, namely Er3+ and Tm3+ can provide 5d-4f emission even further high energy 
shifted to 160-170 nm [1]. Such high energy shift is attractive due to increasing sensitivity of 
mentioned photosensitive gases towards higher energies in VUV region, but due to spin forbidden 5d-
4f transition of Er3+ and Tm3+ the dominant part of this emission is released with microsecond decay 

times.  

In this study 5d-4f and 4f-4f emission and decay 
kinetics characteristics of the Nd3+, Er3+ and Tm3+ 
singly and doubly doped LiLuF4 [2] and BaY2F8 [3] 
hosts were studied in VUV spectral range at room 
temperature (RT) at SUPERLUMI I experimental 
station of HASYLAB. Measurements were 
completed by the absorption, radio- and photo-
luminescence measurements in VUV-visible 
spectral range in Institute of Physics, Prague and 
Tokuyama, Sendai. The Nd3+, (Nd3+, Er3+) and (Nd3+, 
Tm3+) doped LiLuF4 and BaY2F8 samples were 
prepared by micro-pulling-down technique in 
Tokuyama and Tohoku university, respectively, in 
the form of few cm long rods with the diameter of 
about 2 mm from which the polished plates of 
2x8x1 mm were prepared for the experiments. The 
concentrations of the RE dopants in the melt were 
1% of Nd3+ codoped with  0.1-99% of Er3+ or Tm3+ 
in several concentration steps.  

 In LiLuF4 host the 5d1 based emission of all Nd3+, 
Er3+ and Tm3+ ions is accompanied by 4f-4f 
luminescence transitions in UV-visible region. 
Luminescence from 5d1 state of Nd3+ at 240 and 260 
nm is ascribed to transition ending at the 4Fx and 2Hx 
multiplet and there are the same nanosecond decay 
times measured in the 180, 240 and 260 nm. Both ions 
(Er3+, Tm3+) show strong absorption bands at 256 nm, 
260 nm respectively, which in principle can enable the 
cross-relaxation process from the Nd3+ 5d1-4f to 4f-4f 
Er3+ (Tm) transitions. Fig 1 represents an example of 
the radioluminescence spectra of samples with 
different concentration of Tm ions. The decrease of 
intensity in the Nd3+ 5d-4f emission bands with the 
growing concentration of codopants is obvious. Loss 
of intensity in 5d-4f bands is accompanied by the 
increasing intensity of 4f-4f emission lines. At higher 

Fig 1. Radioluminescence spectra of  LiLuF4: 
Nd 1%, Tm x% combined of the 150-240 nm 
spectra from Japan and 210-650 nm spectra 
from Prague. Table represents the sum of energy 
emitted from 5d1 and 4f states of Nd3+  

Fig 2. PL decay of LiLuF4:Er3+10%,Nd3+1%, 
ex=145nm, em=180nm. Inset: dependence of 
the decay time of Nd3+ 5d-4f emission on Er3+ 
concentration (Nd3+ 1%) 
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concentrations of Tm and Er ions there is an additional concentration quenching effect on 4f-4f 
emissions of both ions. The most serious drawback of these double doped systems consists in the 
shortening of Nd3+ 180 nm emission decay time with increasing concentration of Er3+(Tm3+), see 
the decay example and its concentration dependence in Fig. 2 and its inset, respectively. As the 

decay time of 180 nm emission gets shorter even 
under 160 nm excitation, i.e. under the direct 
excitation of Nd3+ center it means that probably the 
above mentioned cross-relaxation process brings 
away the energy from the 5d1 excited state of Nd3+. 
Furthermore, additional concentration quenching in 
the 4f-4f transitions is evidenced in shortened decay 
times: 3P0-

3H6 transition of Tm3+ at 287 nm shows 
decay times of 103, 63, 48 s for 0.1, 1, 10% of Tm3+, 
respectively. Analogously, shortened decay times of 
4S3/2-

4I15/2 transition of Er3+ at 551 nm show values of 
486, 265, 207 μs for 0.1, 1.0, 10% of Er3+, 
respectively.  
The emission spectrum of the BaY2F8:Er 10% sample  
under 147nm excitation is shown in the fig. 2. Two 5d-4f 
luminescence transitions to the Er3+ ground state are 
observed. The fast luminescence originating from the 
spin-allowed low spin (LS) state and slow one from the 
spin-forbidden high spin (HS) state are peaking at 161 
and 169nm, respectively, but each of them seems to 
contain both fast and slow components. The excitation 
spectrum for the 185nm Nd3+ emission of the Er-free 
BaY2F8:Nd 1%  sample is also included. The overlap of 
the Er3+ emission and Nd3+ excitation spectra is apparent 
and enables the Er3+-Nd3+ energy transfer.  
Furthermore, the PL decay curves were measured (fig. 
4). The curve has been fitted with two-exponential 
function (It). In the initial part it shows a rise time of 1.4 
ns which may point to energy transfer from Er3+ to the 
Nd3+ through the fast LS energy level. The dominant 
decay time is around 30ns, two times longer with 
respect to Er-free BaY2F8:Nd3+ crystals (~ 16 ns). This 
discrepancy has not been explained yet. Finally, the 

background level in  
fig.4 is about 5-6 times higher than the true 
instrumental background. It supports the possibility of 
energy transfer from the spin-forbidden HS level of 

Er3+ to the Nd3+ where decay time of several s is expected. 
 
Concluding, in both the LiLuF4 and BaY2F8 single crystal hosts the emission characteristics of 
Nd3+, Er3+ and Tm3+ centers were measured. In doubly doped systems, the cross-relaxation and 
energy transfer phenomena were evidenced and are the subject of continuing research. This 
research is supported by II-20052049 EC and I-20090104 EC projects of DESY Hamburg. 
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Fig.2. The emission spectrum of the BaY2F8:Er 
10% sample under 147nm excitation (fast = 0-
20 ns and slow= 150-180 ns time gates). The 
excitation spectrum for the 185nm emission of 
the Er free BaY2F8:Nd 1%  sample is also 
included 

Fig.4. PL decay curve: the BaY2F8:Er1%Nd1%. 
Exc=147nm, em=185nm. I(t) is the calculated fit
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In plastic materials technology, composites are defined as materials with a continuous phase 
(matrix) and a discrete phase (filler particles). Lately, nanocomposites comprising a polymer matrix 
and platelet-shaped, layered silicate (clay) nanoparticles are of increasing interest for plastics 
technology [1,2]. The clay nanoparticles have a thickness of approximately 1 nm and a typical 
lateral dimension of approximately 500 nm [3]. They are expected to considerably increase 
mechanical properties of plastic materials [1,2]. This depends on the orientation of the clay, which 
is strongly dependent on the flow history of the plastic melt during plastic processing. In small 
angle x-ray scattering (SAXS), clay particles which are regularly packed to stacks (tactoids) lead to 
intensity peaks and, depending of the particle orientation, to anisotropy in the scattering patterns. 

A nanocomposite masterbatch of high density polyethylene with 15 wt.-% of organophilic clay was 
compounded on a laboratory scale twin screw extruder (ZSK26, Coperion GmbH, Stuttgart, screw 
diameter 26 mm, throughput 20 kg/h). After compounding the masterbatch, it was diluted to a filler 
content of 3 wt.-% and standard tensile bars (DIN EN ISO 527) were injection-moulded on an 
injection moulding machine (Arburg GmbH + Co. KG, Loßburg). Their shape is schematically 
shown in Fig. 1(a). For SAXS analysis, specimens were cut out of the tensile bar, one at the centre 
and one at the beginning and the end of the flow path, respectively (Fig. 1(a)). 

The measurements were made at beamline B1 at HASYLAB, DESY with a sample-to-detector 
distance of 935 mm and a photon energy of 11 keV, corresponding to a wavelength of 1.127 Å. The 
samples were measured in transmission geometry from two sides, one in and one perpendicular to 
the direction of flow. Additionally, measurements through the centre of the specimens and at two 
borders were preformed (Fig. 1(b)). 

  

Figure 1: (a) Sample position in the tensile bar and (b) exemplary scattering patterns of the different 
measurement positions of the centre-sample. 

For a quantitative determination of the clay orientation, orientation parameters 2cosi iS    of the 
different measurements were calculated and summarised in a Wilchinsky-diagram [4,5]. More 
information about the detailed calculation of the parameter can be found in [6,7].  

Previous diffraction measurements showed that the incorporated clay has basal spacing of 3.35 nm, 
corresponding to q≈0.19 Å-1. Therefore, an azimuthal integration for this q-value of the scattering 
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patterns was done. Fig. 2(a) shows the results for the measurements in and perpendicular to the 
direction of flow at the centre position of the centre-sample. 

     

Figure 2: (a) Azimuthal integration for q≈0.19 Å-1 of the scattering patterns of the centre specimen at the 
centre-positions and (b) Wilchinsky-diagram representing the calculated orientation parameter for all 

measurements of the three specimens of the tensile bar. 

As can be seen from the Wilchinsky diagram (Fig. 2(b)), at all positions of border I the clay is 
mainly oriented parallel to the xz-plane whereas at all positions of border II an orientation parallel 
to the xy-plane is detected. This difference can also be observed directly in Fig. 1(b), where the 
anisotropic scattering patterns change orientation correspondingly. These results imply that the 
orientation of the platelets in the incoming melt flow is strongly influenced by the presence of 
surfaces, resulting in an alignment of the platelets with the surfaces. 

In conclusion, a quantitative determination and visualisation of the nanoclay orientation in complex 
plastic parts is possible. Future measurements will focus on measuring the clay orientation in 
different plastic sample geometries of industrial relevance and correlating it to material properties.  
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Determination of structural properties of magnetic FePt-
and CoPt-films
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Today, magnetic data storage is the most common method to store information. Driven by the
growing ammount of data, the storage capacity of such devices needs to be increased. This aim can
be reached by decreasing the area covered by the smallest information unit (bit). In current granular
media, consisting of exchange isolated magnetic CoCrPt grains, the diminution of this area can
only be achieved by reducing the grain size of the of the storage layer. However, the approach of
scaling down the size of the magnetic grains has reached the so-called superparamagnetic limit,
where the requirement of thermal stability is no longer fulfilled. Materials with a higher uniaxial
perpendicular magnetic anisotropy than CoCrPt are required to realize smaller grain sizes. FePt
or CoPt in their (001)-textured L10-phase are promising candidates to achieve these smaller grains
while maintaining the required thermal stability [1].
5 nm thick chemically disordered films composed of Fe0.52Pt0.48 and Co50Pt50 have been prepared
by sputter deposition on Si-wafers covered with 100 nm thermally grown amorphous SiO2 top
layer. These disordered and polycrystalline films can be transformed into the L10 ordered and
(001)-textured magnetic films during a rapid thermal annealing (RTA) process [2]. However, the
underlying mechanism to trigger the evolution of the (001) texture is not well understood. In this
study Fe0.52Pt0.48-films have been annealed for 30 s at temperatures of 450◦C to 850◦C in steps of
50 K. A maximum temperature of 900◦C has been chosen for the Co50Pt50 samples.
The X-ray diffraction experiments have been carried out at HASYLAB beam-line G3. The energy
of the incident radiation was chosen to be 8048 eV which is equivalent to the Cu-Kα-radiation
used at our own laboratory equipment. Using a LaB6 powder sample the calibration of goniometer
and radiation energy was verified. The samples have been investigated using θ-2θ-geometry. The
texture of the samples was determined using pole-figure measurements.
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Figure 1: X-ray diffraction patterns measured at 5 nm thick Fe0.52Pt0.48-films annealed for 30 s at the tem-
peratures displayed in the figure.

Figure 1 shows the diffraction patterns measured at 5 nm thick Fe0.52Pt0.48-films annealed for 30 s
at various temperatures. The transformation from the disordered phase into the L10-phase starts
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at annealing temperatures of 600◦C. The intensity of the (001) and (002) peaks connected to the
L10-phase increases with the temperature. The FWHM of the peaks decreases with increasing
temperature which points out the growth of crystallites and possibly the reduction of microscopic
stress within the crystallites.
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Figure 2: XRD patterns of 5 nm thick Co50Pt50 alloy films as a function of the annealing temperature for the
RTA process

The diffraction patterns of the Co50Pt50 samples as a function of annealing temperature shown in
figure 2 exhibit only the (111) peak for Co-Pt alloy at 41.6◦. Due to the missing superstructure
peaks no long range order can be observed for any temperature. Therefore the (111) peak might be
caused by the disordered A1 phase of the Co-Pt alloy. In addition the increasing intensity of the
peak with increasing temperature is due to the change of the film morphology.
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Light weight metal hydrides are favoured materials for hydrogen storage in mobile application. Due 
to the high requirements on the materials concerning storage capacity, reaction thermodynamics and 
kinetics novel functional materials need to be developed. One promising new class of materials are 
the Reactive Hydride Composites (RHC) [1,2]. These systems show reduced total reaction 
enthalpies at high storage capacities. The system of e.g. 2LiH + MgB2 + 4H2↔ 2LiBH4 + MgH2 has 
a theoretical storage capacity of 11.4 wt% hydrogen and an equilibrium pressure of 1bar H2 at 
170°C. During the endothermic desorption reaction the exothermic formation of MgB2 proceeds 
and is thereby lowering the total reaction enthalpy. The system shows very sluggish kinetics and can 
therefore only be operated at temperatures above the thermodynamic equilibrium. With cycling and 
suitable additives the kinetics is significantly improved by an order of magnitude [3]. 
Characterization of these additives, their chemical state and distribution is the key to understanding 
the mechanism behind.  

Previous work on Zr-based additives as a model system has revealed the formation of ZrB2 
nanoparticles on the size scale of 1-5 nm [4]. Further experiments and calculations give strong hints 
to improved nucleation rates of MgB2 during the desorption reaction due to heterogeneous 
nucleation on the ZrB2 particles [5]. However, Zr-based additives are only suitable as a model 
system due to the high weight of Zr and the therefore strongly decreased hydrogen capacity by 
weight. Against this background, the use of Sc based additives as one of the lightest transition 
metals was investigated. And indeed, the addition of Sc2O3 by premilling with MgH2 shows 
strongly improved kinetics and can be regarded as one of the most effective additives for this 
system. Furthermore and most important for future application, reaction temperatures can be 
decreased by approximately 50°C and good reaction rates are observed.  

In figure 1, experimental results of the XANES region of the Sc k-edge at 4492 eV are shown. The 
presented curves were measured in fluorescence mode with a PIPS diode. Initial LiBH4-MgH2 
composites were obtained by high-energy ball milling. The cycled states were prepared in a Sieverts 
type apparatus. For XAFS measurements, the powders were mixed with cellulose and pressed into 
pellets of 13 mm in diameter. To avoid oxidation the pellets were enclosed with Kapton tape. The 
samples show significant changes upon cycling, where Sc2O3 was reduced upon the first desorption 
reaction. The chemical state upon further cycling appears to be stable. Further analysis will be 
performed to confirm the formation of ScB2. 
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Fig. 1:XANES of RHC samples with Sc-based additive after initial preparation and after cycling in 
comparison to the initial compound. 

In addition, comparative measurements were performed with ScCl3 as additive and a variety of Ti-

based additives were characterized for Fluoride alternated systems in the initial state. Further 

measurements are necessary to monitor the changes upon cycling. 
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The cavitation in amorphous phase is often observed during tensile deformation of semicrystalline 
polymers. The progress in understanding of voiding mechanism and conditions at which it appears is 
noticed in the literature published for last 10 years. Our previous studies shown that not all polymers 
cavitates and that these able to cavitate do it only at some deformation conditions [1, 2]. The reason 
of cavitation is a competition between two possible mechanisms: plastic deformation of crystalline 
elements, usually by chain slips and the break of stretched amorphous phase with a formation of 
numerous voids. The selection of deformation way depends on the relation between strength of 
amorphous phase and  strength of crystals. It is known that perfection and strength of crystalline 
lamellae may be modified by processing condition among them by annealing. Annealing in the solid 
state results in some increase of crystallinity degree, and in thickening of crystals. The second one is 
more important for cavitation process. 

The subject of our studies in HASYLAB was influence of annealing in solid state on cavitation in 
strained high density polyethylene BASF Lupolene 6021D.  The presence of cavities were detected 
by small angle X-ray scattering (SAXS) measurements, done in situ on A2 beamline during uniaxial 
deformation of polymer. The time of annealing was 0, 3 or 6 hrs. 

Figure 1: SAXS scattering measured in situ during the tensile test. a) non annealed sample, b) sample 
annealed 1 h, c) sample annealed 3 h, d) sample annealed 6 h. Numbers below photographs represents local 

strain in sample at the moment of SAXS registration. Arrow shows the deformation direction. 
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Figure 1 presents stress-strain curves for tensily deformed, differently annealed samples. It is visible 
that all samples deformed with the neck formation. The yield stress increases with annealing time 
from 21.0 MPa to 29.6 MPa. Figure 1 also illustrates the small angle X-ray scattering from our 
samples, recorded during mechanical deformation. It is visible that the voids formation rapidly 
increases scattering intensity. The scattering patterns of polypropylene change with deformation. In 
the case of non annealed sample (see Fig. 1a) initially only scattering from periodic crystalline 
structure is visible. The scattering image representing local strain of 0.5 has an additional, more 
intensive signal, localized in the centre. It may be interpreted as a result of limited voiding, preceded 
process of transformation from lamellar to fibrillar structure of polymer. The shape of signal from 
voids indicates their elongation perpendicular to deformation direction at strain of 0.5 and parallel to 
deformation direction for strains of 1.0 and more. The scattering patterns from sample annealed 1 h 
are similar to previously discussed, only the intensities are higher. 

A really strong scattering from voids is observed for the sample annealed 3 h before the mechanical 
test (Fig. 1c). The vertical signal, exceeding crystalline scattering background, is seen first time for 
strain of 0.12, i.e. shortly before yield. The intensity rapidly increases at the yield and less strongly 
during further deformation. The scattering profiles evolves during the test. Initially the voids are 
oriented perpendicularly to deformation direction.  At some moment, close to the strain of 0.7 the 
scattering pattern is approximately circular and for larger strain elongated perpendicularly to 
deformation direction. It may be interpreted as reorientation of existing voids into deformation 
direction. The scattering from HDPE specimen annealed 3 h is much stronger than the scattering 
from HDPE sample annealed 1 h. The X-ray scattering from sample annealed 6 h is similar to 
scattering observed for the shorter annealing time, which agrees with observation that the 
mechanical properties (yield) and crystal thickness are only a little larger for the samples annealed 6 
h as compared with 3 h annealing. The two difference in relation to 3 h annealing material are that 
the total scattering intensities are slightly bigger and that the reorientation of voids occur  later, at 
the strains of 0.8-1.0.

The results of measurements in HASYLAB strongly supports supposition about the role of crystal 
perfection and thickness on the process of plastic deformation of semicrystalline polymers. It was 
shown that the massive cavitation occur in the annealed polyethylene. 
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A sensitisation is a conventional method to increase the efficiency of a phosphor at excitation in the 
energy rage where luminescence ion exhibits no appreciable absorption. The phenomenon has been 
known for decades; a classic example is the sensitisation of Tb3+ emission by Ce3+ or Eu3+ emission 
by Gd3+ that is harnessed in the mercury discharge fluorescence lamp [1]. Recently we proposed to 
use terbium for sensitisation of phosphors in vacuum ultraviolet (VUV) region: it was suggested 
that Tb3+, exhibiting a strong 4f75d absorption band in the VUV [2], should provide a sensitisation 
effect for the emission of Eu3+. The study of Eu-Tb co-doped phosphates demonstrated that Tb3+ 
facilitates efficient sensitisation of Eu3+ emission in rare-earth phosphate at excitation in the VUV 
region [3, 4]. Given the excellent performance of terbium as sensitiser in the high energy range in 
this study we investigated the sensitisation effect of this ion in Eu3+ doped pentaborates LnMgB5O10 
(Ln=Gd, Tb). This is a wide band-gap material that is transparent in the energy range of interest (>7 
eV) and exhibit a strong absorption band due to BO3 group at 150 nm [5]. The crystal structure of 
the material contains zig-zag chains of rare-earth coordinated polyedra with the shortest inter-chain 
distance 0.64 nm that makes the energy transfer effectively one-dimensional. This results in less 
pronounced concentration quenching and permits a high level of doping in this host. 

The luminescence characterisation has been carried out at SUPERLUMI experimental station at 
HASYLAB. Figure 1 shows the emission spectra of Tb0.85Eu0.15MgB5O10 and Gd0.85Eu0.15MgB5O10 
phosphors. The intensity of Tb3+ emission (characteristic lines at 490 and 540 nm) in 
Tb0.85Eu0.15MgB5O10 is strongly suppressed at 150 nm excitation. It should be noted that the shape 
of the emission spectra exhibits no change at excitation in the region of 4f8

→4f75d absorption bands 
of Tb3+. This evidences the energy transfer from Tb3+ to Eu3+. The Eu3+ emission also prevails in 
the emission of the Gd-based analogue. Total emission intensity of the Tb0.85Eu0.15MgB5O10 is 
slightly (~10%) higher compared with Gd0.85Eu0.15MgB5O10 at excitation with 150 nm photons.  
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Figure 1:  Luminescence spectra of Tb0.85Eu0.15MgB5O10 (1) and Gd0.85Eu0.15MgB5O10 (2) measured at 
excitation with 150 nm photons (T=300 K). Spectra are shifted vertically for clarity.  

Figure 2a shows the excitation spectra of pentaphosphate phosphors. The excitation spectrum of 
Eu-emission in Gd0.85Eu0.15MgB5O10 exhibits clear peaks associated with the f→f intraconfiguration 
transitions of Gd3+, a broad band at 230 nm attributed to charge transfer transitions between oxygen 
ligand and Eu3+ and a high-energy band at 150 nm due to the excitation of the host matrix in the 
absorption region of BO3 groups [6].   
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Figure 2: Excitation spectra of Gd0.85Eu0.15MgB5O10 (a) λem=611 nm and Tb0.85Eu0.15MgB5O10 (b) λem=611 
(1) and 543 nm (2). The vertical bars show calculated positions of SA and SF 4f75d bands of Tb3+ . 

As is shown in Figure 2b the excitation spectra of Tb- and Eu-emission of Tb0.85Eu0.15MgB5O10 are 
very similar providing undisputable prove that the excitation of Eu3+ ions is due to the energy 
transfer from terbium. The excitation spectrum consists of a short-wavelength (150 nm) band, 
assigned to the host lattice absorption and a number of intense long-wavelength bands that can be 
attributed to the 4f8

→4f75d transitions of Tb3+ ions and Eu3+ charge-transfer band at 230 nm. Oving 
to crystal field splitting of the excited energy levels, the spectra are composed of bands attributed to 
the spin-allowed (SA) and spin-forbidden (SF) transitions.  

The methodology developed by Dorendos [2] enables to estimate the position of 4fn-15d energy 
levels of lanthanide ions from that observed for Ce3+ in the same host. This approach was applied to 
obtain the energy of 4f75d transitions of Tb3+ in the pentaborate using the data on the position of 
Ce3+ bands in LaMgB5O10 [5]. Figure 2 shows that the calculated position of the4f75d transitions of 
Tb3+ reproduces the main features of the excitation spectra of Tb0.85Eu0.15MgB5O10 exceptionally 
well.  

Summing up we studied the feasibility of the VUV sensitisation of the Eu3+ emission by Tb3+ ions 
in pentaborates. Though this phosphor exhibits only moderate enhancement of the light yield in 
comparison with Gd-based analogue at excitation with 150 nm photons the sensitization of Eu3+ 
emission by means of Tb3+ ions offers essential increase of the luminescence efficiency at excitation 
around 170 nm i.e. in the region where the broad emission band of molecular Xe2 is observed. This 
allows more efficient utilisation of the noble gas discharge and makes pentaborate a competitive 
VUV phosphor.  
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The formation of ferromagnetic nanosize inclusions embedded in semiconductor matrix is of 
particular interest due to their application in hybrid magnetic semiconductors devices. MnAs and 
MnSb are the most widely investigated ferromagnetic materials. Both materials indicate at room 
temperature a presence of the stable metallic magnetic phase of the NiAs-type structure. 

It has been shown that high temperature (at 830 K) growth of GaSb:Mn/GaAs (001) induces the 
formation of MnSb clusters in the GaSb matrix, whereas low temperatures growth inhibits the 
formation of MnSb clusters [1]. However, for low temperature (at 520 K) growth, the granular films 
were obtained for MnSb deposited on the sulfur-passivated semi-insulating (001) GaAs substrate 
[2]. In this work we investigate the structural properties of GaMnSb grown at 720 K by MBE 
method on the GaAs(111)A substrates. The growth rate of these layers was 0.2 ML/s. Two kinds of 
samples are investigated: 

i) the Ga1-xMnxSb (x = 0.01, 0.06, 0.08) layers  grown on a thin GaSb buffer deposited on the 
Gas(111)A substrate, and 

ii) the Ga1-xMnxSb (x = 0.01, 0.03, 0.07) layers on 004 oriented  GaSb. 

The Mn content, x, is defined as a ratio of Mn to Ga flux during the MBE growth. The thickness of 
the layers was about 0.7 µm. The structure of as-grown layers was investigated by X-ray diffraction 
methods. Scanning electron microscopy observations evidenced that Mn is not homogenously 
distributed in the GaSb matrix but forms Mn-rich clusters of different shapes and dimensions. The 
lateral dimensions of the studied samples were between 200-600 nm. To determine the 
crystallographic properties and compositions of the clusters, the 2θ/ω scans were performed. 
Polycrystalline phase was investigated applying the glancing incidence diffraction method. These 
measurements were carried out using monochromatic synchrotron X-ray beam (λ = 0.154056 nm) 
at the W1 station at HASYLAB–DESY in Hamburg. 

The X-ray diffraction patterns of 2θ/ω scans for Ga1-xMnxSb grown on the GaAs(111)A substrate 
are shown in Fig. 1a. The reflections marked 00.2 and 00.4 originate from the Mn(Ga)Sb hexagonal 
phase. The c lattice parameters, calculated from the 00.4 reflection, increases with Mn content and 
are equal to 0.5822 ± 0.0005 nm, 0.5844 ± 0.0005 nm, and 0.5852 ± 0.0005 nm, for x = 0.01, 0.06 
and 0.08, respectively. The a and c parameters for pure MnSb in its natural hexagonal phase are 
equal to 0.4128 nm and 0.5789 nm, respectively [3]. With an increase of the Mn content, the 00.4 
peaks adopt asymmetrical shapes indicating on the lattice parameters dispersion, related to the 
formation of second phase with lowered lattice parameter. Moreover, several weak peaks visible in 
the diffraction pattern indicate on the existence of some precipitates of other phases. Nevertheless, 
accounting that the intensity of presented patterns is given in the logarithmic scale, an amount of the 
identified additional phases is very small. 

For the GaMnSb/GaSb samples, the rocking curve measurements (ω scans) show that the MnSb 
inclusions have the block structure with the misorientations angle between blocks equal to about 1°. 
X-ray diffraction pattern of 2θ/ω scans for GaMnSb samples on the GaSb substrate are shown in 
Fig. 1b. The MnSb diffraction peaks coming from the differently oriented blocks parallel to the 
001-oriented GaSb surface are presented in Fig. 1b. The a and c lattice parameters for the blocks of 
inclusions, calculated from the 30.0 and 20.2 reflections, were the same for the investigated 
samples, equal to 0.4125 nm and 0.5801 nm. 
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Preliminary investigations carried out for the various growth rates show that the growth rate value 
influences strongly the creation of MnSb inclusions as well as their lattice parameters. 

The coplanar 2θ scans of GaMnSb/GaAs (a) and Ga1-xMnxSb/GaSb (b) measured using the glancing 
incidence geometry are presented in Fig. 2. For the GaMnSb/GaAs samples, the polycrystalline 
fraction of the MnSb hexagonal phase was detected only in the case of Ga0.99Mn0.01Sb sample. For 
the samples with the highest Mn concentration, the Mn3Sb2 and Mn2O3 phases were found only. 
Polycrystalline MnSb was observed in the case of Ga1-xMnxSb/GaSb. 
 

 

 

Figure 1: 2θ/ω X-ray diffraction pattern of Ga1-xMnxSb/GaAs(111)A (a) and Ga1-xMnxSb/GaSb(b). 
 

 

 

Figure 2: Coplanar 2θ scans in glancing incidence geometry for Ga1-xMn
x
Sb/GaAs(111)A (a) and  

Ga1-xMnxSb/GaSb (b). 
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NiMnGa magnetically shape memory alloys exhibit a large magnetic field induced strain 
(MFIS) [1,2] resulting from the high magnetocrystalline anisotropy and easy twin boundary 
motion. Until now MFIS has been mostly reported for NiMnGa single crystals. However, 
single crystal growth is comparatively expensive and time consuming. Therefore, to also 
achieve pronounced MFIS in polycrystals, fabrication processes are needed to produce 
specific strong textures. So far, Chulist et al. [3,4] have reported the texture of NiMnGa alloys 
subjected to directional solidification, hot rolling and hot extrusion. Another sophisticated 
process to achieve crystallographic preferred orientations in polycrystalline aggregates is high 
pressure torsion (HPT). In torsion the deformation mode is simple shear with the amount of 
shear strain changing along the sample radius. The shear strain gradient makes it possible to 
analyze different stages of deformation on the same sample. To examine the texture subject to 
shear strain diffraction of synchrotron radiation has been applied.  

A master alloy ingot of composition Ni50Mn29Ga21 was produced by induction melting 
in Ar atmosphere followed by casting into a cold copper mould. To decrease friction during 
extrusion, the cylindrical ingot (100 mm length, 50 mm diameter) was canned in stainless 
steel. Direct extrusion was done at 1273K with an extrusion ratio of 4/1 [4]. From the 
extruded rod at half length in the centre a cylindrical sample with length and diameter of 10 
mm was cut by spark erosion. High strain torsion of the sample with torsion axis parallel to 
the extrusion axis was done with a Paterson rock deformation machine [5] at 1173 K under a 
confining pressure of 400 MPa. The maximum shear strain and shear strain rate applied were 
about 3 and 2 × 10-4s-1, respectively. It should be noted that during cooling from high 
temperatures the NiMnGa alloy used experiences different phase transitions, from B2 (cubic) 
via L21 (cubic, austenite) to martensitic structure (tetragonal, 5M modulated) [6,7]. However, 
all planes and directions mentioned in this paper are given in the cubic coordinate system 
which is related to the cubic axes of the parent L21 phase. Moreover, all texture components 
are given with cubic crystal symmetry. 

The texture of the torsion deformed material was measured by diffraction of high-energy 
synchrotron radiation [8] (100 keV) using the GKSS materials science beam line HARWI-II 
at DESY in Hamburg, Germany. The high penetration depth of synchrotron radiation opens 
the possibility to investigate representative small sample volumes (1.0 mm × 1.2 mm × 0.5 
mm) along the radial direction of the torsion samples in transmission starting at the middle of 
a pin of size 1.0 mm × 1.2 mm × 10 mm. The value of the given shear strain corresponds to 
the middle of the respective analyzed volume. The orientation distribution function (ODF) 
was calculated from the measured pole figures ({400}, {220} and {224}) using LABOTEX 
software [9]. The textures are represented by ϕ2 = 0° and ϕ2 = 45° ODF sections, which for 
body-centred cubic (bcc) metals contain all major shear components [10]. 
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Torsion changes the initial <100>/<110>/<111> extrusion fibre texture, where the 
following contributing components are seen in the φ2 = 0° and φ2 = 45° ODF sections (<100>: 
(90°, 0°-90°, 0°); <110>: (90°, 0°-90°, 45°) containing F, J2, E2; (45°, 0°, 0°) = (0°, 0°, 45°), 
(135°, 0°, 0°) = (180°, 0°, 45°); <111>: (35°, 45°, 0°), (145°, 45°, 0°), (0°, 35°, 45°)) to a 
shear texture with a strong cube and a weak F component, Fig. 1. The ODF maxima of the 
cube and F components are 22 and 8 mrd, respectively. Both components are slightly deviated 
from the ideal positions in positive φ1 direction, with the deviation being larger for the cube 
component. The results obtained on texture development correlate quite well with those 
reported for the B2 structured intermetallic compound NiAl investigated in a wide 
temperature range[11]. There, it was found that at high temperature (above 1000 K) the cube 
component increased at the cost of F because of massive grain growth. Moreover, the same 
deviations were observed. 

 
Fig. 1: ODF sections at φ2 = 0° and φ2 = 45° of the initial hot extruded Ni50Mn29Ga21 sample 
and after HPT at a shear strain of 1.88. Key figure gives the ideal components of simple shear 
of bcc metals. Intensities are given in multiples of a random distribution, mrd. 
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In practical use cutting tools made of cobalt-diamond composites are under thermal loads up 400°C. 
Thermally induced residual stresses are initiated due to the mismatch of thermal expansion 
coefficients (TEC) between cobalt and diamond of those composites during the manufacturing 
process. Unfavourable residual stresses can influence the lifetime of those composites, in order to 
improve the knowledge about the correlation between manufacturing parameters and residual 
stresses at temperature equivalent to practical use composites have been produced at different 
manufacturing parameters and analysed at room temperature and elevated temperature [1,2]. 

The residual stresses in the cobalt matrix of composites were analysed by means of X-ray 
diffraction and the d/sin2

ψ-method in the ψ-mode [3] using synchrotron radiation at beamline G3 of 
HASYLAB at DESY, Hamburg, Germany, [1,4,5]. The high brilliance and intensity of synchrotron 
radiation allow to reduce the size of measuring field for local residual stress values to areas of 
1 mm2. The Fe- Kα radiation (E = 6404 eV; λ = 0.19373 nm) which is appropriate to analyse the 
(222)-reflection of cobalt at a high 2θ angle (in this case 142.2°) was selected. Such (hhh)-
reflections are less influenced by texture [3]. The X-ray elastic constants of sintered cobalt were 
calculated by the Young´s modulus of 208 GPa and Poisson constant of 0.32 according to the Voigt 
method [3]. The error of the stress values is evaluated by the standard deviation from the slope of 
the straight line.  
The specimens were manufactured by cold preforming at different compaction pressure and vacuum 
sintering at 1000 °C and 1100 °C. The specimens have a disc shape with a diameter of 12-15 mm 
and a coboid shape with size of 8 x 8 x 3 mm3. The particle size of cobalt powder was between 1 
and 40 µm whereas the size of diamonds particle ranged from 300 – 450 µm. for global and local 
residual stress evaluations Global stress analysis were executed on composites with 10 Vol. % 
diamonds. For local investigations samples with only six diamond particles incorporated into and 
below the sample surface were investigated using a Fe-mask with an aperture of 1 x1 mm2 placed 
near a single diamond.  

  
Fig. 1: Influence of thermal load on global 
residual stresses of composite Co+10 Vol.% 
diamond manufactured at compaction pressure 
of 62.5 kN (open figures) and 100 kN (filled 
figures) and a sintering temperature of 1100°C. 

The samples have been measured in an oven at a 
temperature range from 20 to 500 °C. 
Measurements were carried out on the cobalt 
matrix in ψ-mode and three φ directions.  

In Fig. 1, the global stresses at 20 and 500 °C of 
samples manufactured with two compaction 
pressures and a sintering temperature of 
1000 °C are shown. At 20 °C the compaction 
pressure of 62.5 kN results in tensile residual 
stress and a compaction pressure of 100 kN in 
compressive residual stresses, respectively. 
Under thermal load in both cases compressive 
stresses were found. The change of residual 
stress amounts to -50 MPa. Because high 
compaction pressure can cause cracks a lower 
compaction pressure is presumed.    
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For specimens manufactured with compaction pressure = 20.3 kN and a sintering temperature = 
1000 °C temperature the global stresses were also analysed for temperatures between 20 and 500°C. 
While the stress state at room temperature is isotropic the stress values measured at the directions 0, 
45° and 90° differ from each other. As assumed, the residual stress At 500°C is lowest. The stress 
diminishing is a result of the long-term heating, relaxation of the cobalt lattice scatter and the 
mismatch of thermal expansion coefficients. During cooling the residual stress   keeps stable until a 
temperature of about 375 °C. Further temperature reduction results in a significant increase of 
tensile stress. When room temperature is reached the stress state has values similar to the original 
state. But the reflection intensity of the cubic (222) is lower. A partially phase transformation of 
cubic to hexagonal cobalt is assumed to be the reason for this observation/behaviour.  

Fig. 2: Effect of thermal load on local 
residual stresses of cobalt matrix sintered at 
1000 °C adjacent to a diamond. 

The influence of thermal load on local stress state 
in an area of 1 x 1 mm2 adjacent to a single 
diamond is given in Fig. 2. The stress component 
measured at φ=0° (tangential to the Diamond-
matrix interface) shows higher tensile stress values 
than the radial stress component (at φ=90°). This 
anisotropy was found at room temperature before, 
also [1,4,5]. During thermal load the tangential 
tensile stress increase significantly and the radial 
stress changes into compressive stress values (Fig. 
2). Therefore the contact zone between matrix and 
diamond is critical during practical use. 
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Hexagonal boron nitride (h-BN) powder is a solid lubricant that compares favourably with, and in 
some cases exceeds, the performance of other solid lubricants. Its high-temperature stability, low 
coefficient of friction, extreme pressure performance, high thermal conductivity, high electrical 
resistivity, inertness in a wide variety of chemical environments, and environmental friendliness 
make h-BN an ideal alternative to other solid lubricants in many high performance applications.  

Boron nitride has long been used as a crucible material in inert environments at high temperatures. 
It has found application as a fibber coating in ceramic-matrix composites. In such applications, it is 
likely to be exposed to high-temperature oxidizing conditions. However, there are many questions 
about its oxidation behaviour. The literature contains numerous studies of BN oxidation [1,2], 
which indicate the oxidation behaviour of BN is complex and dependent on structure. 

In our experiment, the hexagonal boron nitride was tested as the pressure-transmitting medium at 
high-pressure high-temperature conditions in the mixture with LiMn2O4. 

Lithium-manganese oxide (Fd3m space group) sample was obtained by conventional solid-state 
reaction of Li2CO3 with α-Mn2O3 (Ia3, bixbyite structure) at 1073 K. The synchrotron X-ray 
powder diffraction data, collected at beamline B2, at ambient conditions confirmed the cubic spinel 
structure. The samples were mounted in h-BN cylinder, in boron-epoxy cube with the edge length 8 
mm. The cube was located in between six anvils of the MAX80 press. In the high-pressure 
investigations a level of the pressure hydrostaticity due to applied pressure medium is very 
important [3]. The hexagonal boron nitride is considered to be a relatively ‘soft’ material and has 
been often used as the pressure medium; thereat we decided to perform high-pressure experiments 
on LiMn2O4/h-BN, with the weight ratio 1:2, in order to get quasihydrostatic conditions. The 
measurements were performed with the energy dispersive experimental setup and a white 
synchrotron radiation at F2.1 beamline (Hasylab). The X-ray detection system was based on a 
germanium solid-state detector of resolution 135eV at 6.3 keV. The sample was gradually 
compressed to required pressure of 3 kbar, at ambient temperature, and then it has been heated 
quickly to 500°C. After 15 minutes of heating, the sample was quenched by the switching off the 
power (the initial cooling rate was about 300°C/s). The structural changes have been monitored in 
situ with the energy dispersive XRD method. After the pressure releasing, the recovered sample has 
been analyzed by powder X-ray diffraction using a Huber image foil camera 670 with a capillary 
holder at I711 beamline in Max-lab (Lund).  

Successful fitting of the XRD pattern of recovered sample with the Rietveld method revealed 
presence of LiMnBO3, h-BN and MnO crystal phases. This phase composition enables to imply 
conclusion that, at applied high-pressure/high-temperature conditions, h-BN is not chemically 
resistant to oxidation in the presence of oxide sample. The sample container made of h-BN could be 
applied for oxides in HP/HT experiments only with a special precaution. 
Acknowledgements: The research leading to these results has received funding from the European 
Community's Seventh Framework Programme (FP7/2007-2013) under grant agreement n° 226716. 
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The solid solutions series Ca1-xYbxC2 was synthesized either by reacting the appropriate amounts of Ca, Yb 
and graphite or by reacting CaC2 and YbC2. Three different modifications were found. At the Ca-rich side 
monoclinic modifications (C2/c: red squares in Figure 1; C2/m: green squares in Figure 1) are observed 
similar to pure CaC2 [1], for which additionally a tetragonal modification was found. At the Yb-rich side 
only the tetragonal modification was observed (I4/mmm: black squares in Figure 1) similar to pure YbC2 
[2]. As shown in Figure 1 a strong deviation from Vegard’s law is found for this solid solution indicating a 
non-ideal solid solution behaviour. Interestingly, at x = 0.75 both a tetragonal and a monoclinic 
modification coexist with unit cell volumes differing by approx. 12 %.  

Figure 1: Unit cell volumes of solid solution Ca1-xYbxC2 in dependence of the Yb contents x. Three different 
modifications are marked in red (C2/c), green (C2/m) and black (I4/mmm). A straight dotted line between 

the unit cell volume of CaC2 and YbC2 shall indicate the behaviour expected for Vegard’s law. 

Similar to observations made for Yb2.75C60 [3] we assumed that valence changes might be responsible for 
this unusual behavior. To corroborate this assumption XANES and neutron diffraction investigations were 
performed. They clearly indicate that “larger” monoclinic Ca0.25Yb0.75C2 contains more Yb2+ than “smaller” 
tetragonal Ca0.25Yb0.75C2. To get a more quantitative picture we are planning to record temperature-
dependent XANES spectra of this interesting solid solution. 
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Aluminum-based metal matrix composites (MMCs) are employed in a wide range of structural 
applications due to their high strength-to-weight ratio. They surpass their monolithic counterparts in 
performance due to the redistribution of load between the constituent phases based on the mismatch 
in mechanical properties [1]. To study the phase-specific stress behavior in such materials, the use 
of synchrotron radiation adds to the advantages of non-destructive x-ray diffraction techniques; the 
high intensity and high parallelity of the radiation allows for shorter measuring time and more 
precise detection of weaker diffraction peak signals [2].  

The MMCs under investigation are organized into two sets; each set consists of a single-
reinforcement composite (SR) and its double-reinforcement (DR) counterpart. The S250 MMCs 
contain 30-40 vol%Si particles, and the S691 MMCs contain 15 vol%CuAl2 precipitate particles; 
additionally, the DRs in each set contain SiC particles (25 vol% and 5 vol%, respectively). Both the 
Si and the SiC particles are distributed outside the grains of the aluminum matrix, whereas the 
CuAl2 particles precipitated both in and around the matrix grains. The particular combination of 
components is useful, since it allows investigations into the behavior of single- and multi-
reinforcement composites as a function of reinforcement type.  

Once compressed uniaxially, the samples were mounted and metallographically prepared. The 
results were measured in angle-dispersive mode at the G3 beamline at the DORIS III storage ring. 
Overview scans were done to identify the phases and the residual stress values were evaluated using 
the sin2ψ method. While the concentrations in the S250 set were more than sufficient to clearly 
determine the phases even using low-intensity radiation, in the S691 set, the low concentration of 
SiC coupled with the weak signals exhibited by the complex tetragonal structure of CuAl2 would 
have proven extremely problematic had traditional x-ray sources been employed.  

Figure 5: Comparison of S250 single-reinforcement (SR) 
and double-reinforcement (DR) composites, SiC data not 

displayed. 

Figure 6: S250 DR, all phases displayed 
 

 
For S250 SR, the matrix phase underwent and remained in tension and the reinforcement phase in 
compression. An initial increase in tension in the matrix phase is followed by a steady decrease, and 
as a result, there is a corresponding release of compression observed in the Si phase (Fig. 5). When 
SiC particles are introduced into the system, the effects can already be seen in the initial residual 
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stress state prior to any external load application. The two softer phases, the Al matrix and Si 
particles, are initially in tension, and while Al remains in tension, Si oscillates between the two 
domains; plastic deformation in the matrix sets the Si phase in compression while the stiffer, 
competing reinforcement SiC phase pushes it into tension (see Fig.6). 

 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 

Figure 7: Comparison of S691 SR and DR composites 
 

S691 SR is similar to its S250 counterpart, in that the matrix remains in tension while the 
reinforcement is in compression (Fig. 7). In this case, however, the CuAl2 phase carries a much 
greater magnitude of stress relative to the matrix; moreover, an inflection is observed at around 
15% strain, and both phases progress towards or into further compression, the reinforcement more 
drastically so. While CuAl2 is known to be hard and brittle at room temperature [3-4], the behavior 
displayed in the single-reinforcement composite suggests differently. This trend may partly be the 
result of having CuAl2 precipitates within the highly ductile matrix grains.  

Due to grain size and texture, the measurements conducted for the SiC phase in the S691 composite 
did not yield enough data for conclusive results. However, its effects on the Al matrix and CuAl2 
reinforcement can be readily seen. Similar to the S250 system, the presence of SiC reduces the 
stress taken up by the softer phase at higher strain values, most likely taking upon the load itself, 
while having little noticeable effect on the matrix’s behavior. It can be inferred that SiC remains in 
compression throughout and is the main reason why the stress in CuAl2 plateaus. 

In conclusion, the use of high-intensity and –flux synchrotron radiation has made it feasible to 
evaluate the phase stress distribution in multi-reinforcement MMCs. In particular, it has been able 
to detect and reveal unexpected mechanical behavior in CuAl2 particles. Finally, it allows us to 
understand not only the interaction between matrix and reinforcement, but also that between the 
reinforcements themselves.  

The authors would like to thank Fulbright Commission for their financial support. They would also 
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Aluminum oxide doped with Ti is an exceptionally important material of quantum electronics, 
extensively used as an active medium of tunable lasers, capable of delivering terra-watt light 
pulses of femtosecond duration. Therefore, studies of the luminescence properties of this 
material attracted significant attention over decades. Three emission bands have been previously 
detected in the luminescence spectra of Al2O3-Ti at high energy excitation (X-ray or VUV), i.e. 
290, 420 and near IR bands [1, 2]. The origin of the near-IR emission band has been agreed for 
long as being due to the 2E→2T2 radiative transition of Ti3+ ions. First measurements of Al2O3-
Ti under synchrotron VUV excitation allowed us to assign the 290 nm band to the radiative 
decay of excitons localized at Ti ions [1]. The assumption that the 420 nm band is likely to be 
due to the emission of F-centres was also suggested [1]. Recent studies by Luca et al [2] show 
that the blue band is observed merely in samples with low concentration of the activator, 
supporting the idea that the emission is a generic feature of the host matrix. This finding 
motivated comparative studies of the emission and excitation spectra of Al2O3 with different 
concentration of Ti as well as nominally pure anion-defective Al2O3. 
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Fig.1. Luminescence spectra of Al2O3 doped with  
50 (1), 100 (2) and 500 ppm of Ti (3).  
4 - anion-defective Al2O3. Spectra are monitored at 
5.9 (a) and 7.1 eV (b). T=8 K.  

    The luminescence characterisation was 
carried out at the SUPERLUMI station at 
HASYLAB. The emission spectra of the 
samples are shown in figure 1 (note that the 
spectra are not corrected for spectral 
response of the detection system). There is a 
noticeable difference in the luminescence of 
samples with low and high concentrations of 
Ti. The emission spectra of Al2O3 with 100
and 500 ppm of Ti exhibit a Ti3+ emission 
band at 700 nm as well as a 290 nm band due 
to the emission of localised excitons [1]. The 
blue 420 nm emission can be discerned only 
at excitation with 5.9 eV photons. In 
contrast, the Al2O3 with 50 ppm of Ti 
exhibits a very distinctive blue band at either 
excitation. Furthermore a new band at 325
nm is clearly seen when the luminescence is 
excited with 5.9 eV photons. Inspection of 
the emission spectra monitored at excitation 
with 7.1 eV also reveals this band. The origin 
of the 325 nm band is fairly obvious when 
compared with the emission spectra of pure
Al2O3. It is known that excitation at 5.9 eV 
results in the emission of F+ and F centres in 
Al2O3, peaked at 325 and 420 nm 
respectively [3]. The observation of two 
emission bands, which are generic for pure
Al2O3 in samples with low Ti3+ concentration 
clearly testifies their origin. 
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The two overlapping bands at 290 and 325 nm in the Ti-doped sample exhibit distinctively 
different kinetics characteristics. The decay time constants are 140 and 2 ns respectively at 300 
K. The luminescence spectra of the anion-defective Al2O3 exhibits two other features, a sharp 
peak at 693 nm due to the 2E→4A2 transition of Cr3+ (inadvertent contamination) and a band at 
515 nm which is tentatively ascribed to the luminescence of Al+ interstitial centres [4].  
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Fig.2. Excitation spectra of Al2O3-Ti (concentration 500 (a) 100 (b) and 50 ppm (c)) and anion-defective 
Al2O3 (d) monitored at different wavelength. T=8K  
  
The excitation spectra of Ti-doped samples reproduce well all major features of this material, as 
observed earlier [1]. Interestingly, the main excitation band for 420 nm emission exhibits a very 
noticeable shift and appears at substantially higher energy in the sample with a low content of Ti 
(see fig. 2). This makes the excitation spectrum of 420 nm resemble the excitation spectrum of 
F-centres emission that is observed in anion-defective Al2O3 (compare fig. 2, c and d). This 
observation provides additional argument in support of the formation of defect centres in Ti-
doped Al2O3 and especially of their role as the cause for the blue luminescence of the crystal.  
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Magnetic data storage devices are widely used in our everyday life. During the last couple of years,
the storage capacity of these devices has been continuously increasing. This increase has only been
possible by a direct increase in storage density. However, the superparamagnetic limit, where the
thermal energy is sufficient to reverse a magnetic grain, is a severe barrier for a further increase
of the storage density. As the volume of the magnetic grains in granular media has to be scaled
down to increase the storage density, new materials with higher anisotropy than current CoCrPt
alloys have to be introduced to ensure that these grains do maintain the required thermal stability.
(001) textured and chemically ordered FePt films exhibit the necessary perpendicular magnetic
anisotropy to reach this aim [1].
Thin FePt-films have been prepared by sputter deposition on Si-wafers covered with a 100 nm
thermally grown amorphous SiO2 top layer. The films have been prepared with thicknesses of
3 nm, 5 nm, 9 nm and 20 nm and exhibit a chemically disorderd A1 structure. This disordered
structure transforms into the L10 ordered structure during a rapid thermal annealing (RTA) process
similar to an approach presented by Yan et al. [2]. The duration of the annealing process has been
varied in the range from 1 s to 600 s. The structural changes and the development of mechanical
stress within the films caused by the annealing process in dependence of the film thickness have
been investigated by X-Ray diffraction techniques. The aim of this investigations was to study the
underlying mechanisms involved in the evolution of the (001) texture, which are still not completely
understood.
The X-ray diffraction experiments have been carried out at HASYLAB beam-line G3. The energy
of the incident radiation was chosen to be 8048 eV which is equivalent to the Cu-Kα-radiation used
at our own laboratory equipment. Using a LaB6 powder sample the calibration of goniometer and
radiation energy was verified. The samples have been investigated using θ-2θ-geometry.
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Figure 1: X-ray diffraction patterns measured at 5 nm thick films annealed at a temperature of 800◦C for the
times displayed in the figure.

Figure 1 shows the diffraction patterns of the 5 nm thick FePt films annealed for various times.
The measurements exhibit the (001) and (002) peaks of the FePt L10 phase only. This fact and the
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absence of the (111) peak in the diffraction patterns point out a strong (001) texture of the films.
The observed peak intensities increase up to annealing times of 30 s. Longer annealing times yield
decreasing intensities and a peak shift to smaller angles. A complete change of the film structure
was observed after 600 s of annealing.
Figure 2 shows the diffraction patterns recorded from FePt films with different thicknesses annealed
for 30 s. The pattern of the 20 nm thick FePt film exhibits the (111) peak additional to the (001)
and (002) peaks. A peak shift to larger angles is observed with increasing film thickness. The 5 nm
thick film shows the best agreement with the theoretically predicted peak positions.
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Figure 2: X-ray diffraction patterns measured at samples with thicknesses as displayed in the figure annealed
30 s at a temperature of 800◦C
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An important step in the production cycle of in-situ composites is the non-isothermal crystallization 
of the molten polymer matrix in the presence of crystalline reinforcing fibrils with diameters from 
several hundred nanometers to several micrometers. It is well known that under such thermal 
conditions heterogeneous nucleation can occur with sufficiently high density along the interface. 
This will result in the formation of layers of matrix material around the fiber, known as 
transcrystallinity (TC). There are indications that the TC layers can play an important role in load 
transfer and distribution thus changing the mechanical behavior of the composite materials.  

The composites of this study comprise an isotropic matrix of high-density polyethylene (HDPE) 
(65-90 wt. %) reinforced by oriented and crystalline polyamide 6 (PA6) fibrils (10-35 wt. %), 
produced with or without compatibilizing agent (0 – 10 wt. %)[1]. In some of the samples the 
fibrils contained up to 7.5 wt. % of exfoliated organically treated commercial montmorillonite 
(MMT). SAXS patterns under simultaneously applied static or cyclic load were obtained with a MAR 
CCD two dimensional detector at the A2 beamline of HASYLAB. The data processing and evaluation 
employed are described in [2]. Some typical SAXS images and output curves are presented in Figure 1.  

 

a b

Figure 1: Output of the simultaneous SAXS/stretching experiments of in-situ composites comprising an 
HDPE matrix (80 wt. %) reinforced by PA6 fibrils (20 wt. %); (a) – without and (b) with 5% MMT in the 

PA6 phase. The black curves show the time dependence of the real stress and the real strain. The blue curves 
indicate the evolution of the long spacings derived from the isotropic HDPE matrix (solid line) and from the 

equatorial and meridional reflexes of the oriented transcrystalline HDPE fraction.    

 

For each SAXS data frame separation of the isotropic from the oriented scattering was made thus 
visualizing the contribution of the HDPE of the matrix and of the TC layer respectively and 
calculating of the respective long spacing (L) as a function of the elongation time. Figure 1 shows 
that the introduction of nanoclay results in lower tensile stress values accompanied by an abrupt 
decrease of the isotropic L values. All nanoclay-containing samples were characterized by a 
meridional streak. In the samples without MMT after a certain time (i.e., elongation), there appears 
a meridional long spacing not present before straining.  These two phenomena vary as a function of 
the MMT concentration and type. They also seem to depend on the presence of compatibilizing 
agent (maleic anhydride modified HDPE).  
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The WAXS patterns were obtained with the same detector in the temperature range of 30-300ºC 
without application of external force. The separation of the isotropic from oriented scattering was 
performed as described previously [1]. Combining this structural information with the scanning 
electron microscopy data and supposing that the fibril has a cylindrical geometry and co-axial 
structure, the following equation was deduced:  

 

fk
fRR
+

⋅= 21 22 
 
 
wherein 2R2 and 2R1 are the average diameters of the reinforcing fibrils with and without the HDPE 
TC layer; k accounts for the different electron density of HDPE and PA6 and f is the relation of the 
scattering intensities of PA6 and HDPE, respectively.  Then, the average thickness of the TC layer 
will be given by R2 – R1. Thus, TCL was found to vary between 75-100 nm for HDPE/PA6 
composites without MMT and between 160 and 250 nnm for MMT containing systems. In a 
subsequent study, the TCL thickness obtained by WAXS and the changes in its structure during 
straining determined by SAXS will be correlated with the composition and the mechanical 
performance of the respective in-situ composites.  
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The 100 USD Federal Reserve Notes (FRN) are most frequently falsified. The so-called “super 
hundreds” or “super dollars” are “very high quality” false bank notes printed on Giori presses by 
the intaglio method with iron-bearing pigments similar to those used by the Bureau of Engraving 
and Printing (BEP) in Washington DC. To avoid further problems the BEP released enormous 
quantities of newly designed 100 USDs. However, the new design was immediately counterfeited, 
too. Soon, the new design of the 50 USD was also counterfeited (Fig. 1). A large number of 
authentic and counterfeit USD bank notes were studied by means of two experimental techniques: 
Mössbauer spectroscopy and Energy Dispersive X-Ray Fluorescence (EDXRF) analysis [1-4]. One 
example and the summary of all Mössbauer results obtained are present in Fig. 1.  

Our HASYLAB project include EDXRF investigations at an excitation energy of 20 keV of micro 
areas on the counterfeited bank note surface, covered by one color only and with one layer of paper 
only, and XANES analysis of the Fe K-edge, which is sensitive to the oxidation state of 3d-
transition metals. The experimental setup of Beamline L offers the necessary equipment for these 
experiments. The multi element trace analysis may answer the forensic question: did the forgeries 
have one and the same source of dissemination? The X-Ray spectroscopy, XANES and the 
Mössbauer measurements have been analyzed in parallel.  

 

 

Figure 1: (top) Mössbauer spectrum obtained 
at room temperature from a single counterfeit 
50 USD bank note; (center) photograph of the 
newly designed counterfeited 50 USD bank 
note from which the Mössbauer spectrum was 
obtained; (bottom) distribution of Mössbauer 
parameters of all bank notes measured in a 
coordinate system with the following three 
axes: first-line area ratio of the B- and A-sites 
sextets in magnetite IB/IA; area ratio between 
the first line of the green dye sextet and the 
first line of the A-sites sextet in magnetite 
IG/IA; and ratio of the experimental line widths 
for the first lines of the B- and A-sites of 
magnetite ΓB/ΓA. Red dots - genuine 100 USD 
issued between 1934 and 1993 (without the 
issue of 1990), green dots - genuine 100 USD 
issued 1990, and the boundary of the 1990 
sample is marked with a green line. Black 
dots- counterfeit 100 USD old bill, blue dots - 
counterfeit 100 USD new bill, and cyan dots - 
counterfeit 50 USD new bill. Authentic and 
counterfeit bank notes with similar parameters 
are marked with a red line [4]. 
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First we want to address to the EDXRF analysis of 
the paper used for printing USD bills, because in the 
earlier studies the blank paper was not studied by 
means of Mössbauer spectroscopy. The paper used 
for printing counterfeited old 100 USD bank notes 
contain as a whitening and filling agent only TiO2 
(Fig.2 a). For the printing of counterfeited new 100 
USD and counterfeited new 50 USD bank notes 
mixtures of TiO2 and a calcium compound, probably 
CaCO3, in specific ratios are used (Fig. 2 b, c). Fig. 2 
d presents the element composition of the paper used 
in simple forgeries printed without any iron-bearing 
pigments. Here the main element is Ca. These 
specificities are typical for the whole group. Every 
single group has specific trace elements presented as 
impurities in TiO2, i. e. in the third group they are Fe, 
Cu, Zn, Y (main), Zr and Nb (Fig. 2 c). 

Figure 2: EDXRF analysis of paper used by the 
printing of different groups of counterfeited USD 
bank notes. The explanation is given in the text. 

The “high quality” forgeries are printed with 
magnetite Fe3O4 black dye. The Mössbauer spectro-
scopy measurements (Fig. 1) provide evidence for 
one and the same source of dissemination. Large 
variations in the chemical composition of the green 
printing inks are detected. Simple green pigment, 
PbSO4⋅xPbCrO4⋅yFe4[Fe(CN)6] [5] or chemically 
pure chrome green, Cr2O3 was identified.  

Figure 3: Mössbauer spectra obtained at 130 K and 
XANES results obtained at room temperature (inset) 
from two different black-day pigments show very 
different and specific Fe3+/Fe2+ ratio.  

The Mössbauer and XANES studies confirm that 
magnetite pigments are always very specific (Fig. 3), 
they are used to faint 14 counterfeited bank notes 
printed in different years, with nearly always the 
same Fe3+/Fe2+ ratio, which is incredible. The results 
from the EDXRF analysis of the blank paper and of 
the black and green pigment are very similar and 
confirm the classification of the group of 

counterfeited bank notes. This is an additional argument that if not all counterfeited bank notes or 
dyes have the same source of dissemination, then at least they have been prepared using quite 
similar constituents. 
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Periodic mesoporous organosilica (PMO) are of growing interest because of numerous applications, 
especially in the field of separation and chromatography. This attraction is enhanced by the 
possibility of having a material owing a chemically selective surface, which is able to allocate 
chemical compounds in pure form. Nevertheless, the structural characterization of PMOs, 
especially regarding questions of porosity and pore accessibility cannot be answered by standard 
techniques, like gas adsorption. The combination of an adsorption experiment with in-situ small-
angle X-ray scattering (SAXS) is a powerful experimental tool towards this direction. Due to 
contrast matching between the fluid and the matrix, the measured scattering patterns provide 
information about porosity and pore filling mechanisms of PMOs. 

In the present study, adsorption of dibromomethane (CH2Br2) in a special type of PMOs was 
studied, named here as PMO-COOH. For further details about PMO-COOH see reference [1]. The 
SAXS experiments were performed at beamline BW4. A custom-made adsorption apparatus was 
applied for in-situ studying physisorption by SAXS. The evacuated sample powder was poured in 
an aluminum holder, equipped with two X-ray windows of polyimide foils, which was placed in the 
dome-shaped beryllium adsorption cell. The adsorption apparatus was temperature-controlled and 
had a gas flow system, which was connected via pipes to the liquid adsorbent in an external 
reservoir. For physisorption experiments, the cell was thermostated at 280 K, to be the coldest point 
in the system, and the reservoir stayed at ambient temperature of 294 K. The gas was supplied to 
the sample in the adsorption cell through a gas dosing valve and the vapor pressure was measured 
continuously at the sample position. The adsorption apparatus allowed continuous adsorption and 
desorption scans, respectively, where the typical time for a total scan was about twelve hours to 
ensure quasi equilibrium conditions. SAXS patterns were taken continuously during physisorption 
scans with an exposure time of 300 s, yielding excellent counting statistics. All scattering patterns 
were suitably corrected for parasitic background scattering, detector efficiency, solid angle, 
primary X-ray flux, and sample transmission. The isotropic scattering patterns were azimuthally 
averaged for equal radial distances from the central beam. 

Figures 1 shows a series of SAXS patterns in the range s < 0.2 nm–1 for adsorption at various 
pressures p/p0 of CH2Br2 in PMO-COOH. The length of the scattering vector s is given by s = (2/λ) 
sinθ, with λ being the photon wavelength and 2θ the scattering angle. In the evacuated state (void 
state), the sample shows a characteristic peak of scattering intensity at s ≈ 0.12 nm–1, which 
significantly changes during adsorption of CH2Br2. In the early stages of adsorption up to relative 
pressures of about 0.20, the peak rises in intensity and its position continuously shifts towards 
smaller values of s (Figure 4a). In the case of contrast matching, only void pores contribute to the 
SAXS signal. Therefore, the shift apparently corresponds to an increase of the average pore-to-pore 
distance between empty mesopores, assuming that the pore size does not correlate with the pore 
position in the material. Besides the changes of the characteristic peak, an increase of SAXS 
intensity at small scattering vectors is observed, which might be due to the rather broad size 
distribution of the mesopores. In the pressure range p/p0 > 0.20, the height of the peak decreases 
and the peak position still shifts towards smaller s values, however, the intensity at small s 
increases continuously (Figure 1b). These variations of the SAXS patterns can be qualitatively 
interpreted as continuous filling of the remaining mesopores. After exceeding the pore 
condensation point, a strong decrease of scattering intensity is observed (Figure 1c). The SAXS 
signal almost vanishes and only a small hump can be recognized at s ≈ 0.12 nm–1. This effect might 
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be interpreted as an imperfect contrast matching condition between the average electron density of 
the PMO material and the CH2Br2 adsorbate. Since the investigated PMO materials possess 
mesoporous structures with only local order, the SAXS data are analyzed by means of the 
methodology of the chord-length distribution [2]. The chord-length distribution g(r) contains the 
complete structural information obtainable from SAXS data of statistically isotropic two-phase 
systems. It provides information on the structural and topological details of general two-phase 
systems with sharp or diffuse phase boundaries. Typical examples of the chord-length distributions 
for the adsorption of CH2Br2 in PMO-CCOH are shown in Figure 8. The first maximum in the r × 
g(r) plots reveal the most prominent pore size (diameter) of about 4 nm. The following minimum at 
about 8 nm corresponds to the typical pore-to-pore distance, and the second maximum at about 12 
nm represents the distance of two pores including the pore wall. More detailed interpretations are 
currently work in progress. 
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Figure 1: A typical series of in-situ SAXS patterns for adsorption of CH2Br2 in PMO-COOH (a-c) and the 
corresponding chord-length distributions r × g(r) (d-f).The values given in the figure legends refer to relative 

gas pressures p/p0.  
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Thin films of titanium dioxide (TiO2) have attracted considerable attention in the past few years, 
since nanocrystalline TiO2 shows outstanding properties and has widespread application potential. 
The possible applications range from solar cells and energy conversion systems, gas and UV-
sensors, battery systems to photocatalysis and self-cleaning surfaces. All these applications rely on 
the semiconducting property of the TiO2, which is only found in crystalline TiO2. Crystalline TiO2 
has three natural crystalline modifications (named anatase, rutil and brookit), which differ in their 
semiconducting characteristics [1]. Consequently, usually a defined crystalline state is desired for a 
particular application. For example, anatase TiO2 has a higher electric conductivity as compared to 
rutil TiO2 and is therefore preferred in solar cell and electronic applications. 

Among many different techniques, a common method to prepare nanostructured TiO2 is a sol-gel 
process. The obtained TiO2 is usually in an amorphous state and has to be transferred to a 
crystalline phase by applying a post-production heat treatment. This heat treatment determines the 
degree of crystallinity as well as the crystalline modification, and is therefore of outmost 
importance for the preparation of TiO2 with well defined properties. In this experiment, we 
prepared a TiO2 film with a functional hierarchical structure [2] and investigated the development 
of the crystalline structure with grazing incidence wide-angle X-ray scattering (GIWAXS).  

The films were prepared by a sol-gel process with the diblock copolymer poly(dimethyl siloxane)-
block-methyl methacrylate poly(ethylene oxide) [PDMS-b-MA(PEO)] as structure directing agent 
[2]. To transfer the TiO2 to a crystalline modification, the films were annealed for 4 h at 450 °C, 
600 °C, 750 °C or 1000 °C, respectively. GIWAXS measurements were carried out at the 
HASYLAB beamline BW2 at a wavelength of 1.38 Å and an incidence angle of 0.25°. The 
scattering signal was probed with a scintillation counter along the plane of the film.  

 

Figure 1: GIWAXS spectra of TiO2 thin films annealed at different temperatures between 450 °C and 
1000°C. All films are in the anatase phase and the crystallinity increases with the annealing temperature. 
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Figure 1 shows the development of the crystallinity of the TiO2 with annealing temperature. At a 
temperature of 450 °C, a completely amorphous film is obtained and no diffraction peaks are 
observed. With increasing temperature diffraction peaks develop, indicating a transition of the 
amorphous TiO2 to a crystalline phase. The intensity of the peaks increases as the temperature 
increases, and at a temperature of 1000 °C a well-developed diffraction spectrum is observed. Thus, 
only at very high temperatures a considerable amount of TiO2 can undergo the transition to 
crystallinity and form a crystalline structure. This is an unexpected result, since TiO2 is known to 
convert to a crystalline state already at temperatures below 400 °C [3]. In addition, at temperatures 
of about 600-750 °C typically a phase transition occurs in nanocrystalline TiO2 from anatase to rutil 
[4]. However, in the investigated samples, no change in the diffraction spectrum is obvious and all 
diffraction peaks observed at 1000 °C originate from the anatase phase. 

A possible explanation for this behavior might be found in the presence of dopants or impurities in 
the TiO2. It is well-known that by doping or blending TiO2 with other materials such as fluorine, 
yttrium or secondary oxides the crystalline growth and the phase transition from anatase to rutil can 
be inhibited and high-temperature stable, anatase films obtained [5,6]. In our case, such effect 
might arise from the PDMS block in the PDMS-b-MA(PEO) block copolymer used in the sol-gel 
process. During calcination, the PDMS is converted to silica, which forms a blend with the TiO2 
and inhibits its crystalline growth. However, further investigations are needed to corroborate this 
theory. 

In conclusion, we have prepared TiO2 thin films with exceptional thermal stability. Crystallisation 
starts at a temperatures above 450 °C and the anatase phase does not convert to rutil up to 1000 °C. 
An application potential for this films arises in the field of catalysis, where porous anatase 
structures with high thermal stability are needed for in-situ gas catalysis during high-temperature 
processes. 
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Copper ferrite is known to exist in tetragonal and cubic structure. Since Cu2+ is a Jahn-Teller ion 
(JT), it gives the anomalous favorable properties and also exhibits phase transition from tetragonal 
to cubic, depending on the temperature. The JT transition is argued to be order-disorder in character, but 
exact nature is still not fully understood [1-4]. CuFe2O4 can be described as a cubic close-packed 
arrangement of oxygen ions, with Cu2+ and Fe3+ ions at two different crystallographic sites. From a 
structural standpoint, the formula unit of stoichiometric ferrite can be written as: (Cux

2+Fe1-

x
3+)A[Cu1-x

2+Fe1+x
3+]BO4, where (A) denotes tetrahedral sites, [B] represents octahedral sites [2-3]. 

The parameter of inversion, x, is equal to 0 for inversion spinels, and to 1, when the spinel is 
normal. The temperature of order-disorder transformation depend on the content of octahedral 
cupric ions and on the nonstoichiometry. When the spinel is synthesized using classical ceramic 
technologies (sufficiently high temperature treatment of the initial oxides of the metal cations) with 
strict stoichiometry, it has a tetragonal structure of hausmannite type with crystal cell parameters a 
= 8.20Å and c = 8.60Å; c/a ~ 1.05. In this work, we have been able to prepare copper ferrite by             
a simple combustion method using citrate-nitrate precursors. A citrate process as an alternative 
synthesis route has been successfully employed to synthesize such materials with improved 
properties for specific applications, such as magnetic powder for massive storage devices [5].  

Powder samples with nominal composition CuFe2O4 were prepared by the combustion method. The 
stoichiometric quantities of starting materials, viz., Cu(NO3)2

.6H2O, Fe(NO3)3
.9H2O, (Merck) and 

C6H8O7
.H2O, were dissolved in distilled water. The mixed citrate-nitrate solution was heated at 

120°C, with continuous stirring. After the evaporation of excess of water, a highly viscous gel was 
obtained. Ultimately, the powder was sintered in air at different temperatures (300, 600, 900°C) for 
5h. After heating, the preparations were either cooled slowly (SC) to room temperature or rapidly 
quenched (QC) in the solid CO2. The compounds formation and crystallinity of the materials were 
identified by XRD patterns, which were recorded on a Bruker D8 Advance diffractometer, with 
CuK� radiation. Finally, investigations on the temperature phase transition for product formed as a 
result of slow cooling of CuFe2O4 sample were carried out at the synchrotron beamline B2 at 
HASYLAB (DESY, Hamburg). The diffractometer was equipped with capillary furnace (STOE) 
and the on-site readable image-plate detector OBI. The polycrystalline samples placed in quartz 
capillaries of diameter 0.3 mm were heated and cooled at the temperature range from RT to 500°C. 
The wavelength, determined by calibration using a NIST silicon standard, was 0.493421Å. Analysis 
of the XRD data was undertaken with a full-pattern fitting procedure based on the Rietveld method. 
Structure refinement was performed using FullProf program. 

The XRD studies show that slow cooled sample crystallizes in the tetragonal system and at room 
temperature could be indexed as a single-phase tetragonal spinel with space group I41/amd. The unit 
cell with lattice constants a= 5.8111(5)Å and c=8.6888(9)Å consists of four CuFe2O4 units. It is, 
however, much more informative to consider the crystal lattice as a tetragonally distorted spinel 
structure with the non-standard face-centred space group F41/ddm. In that case the unit cell is twice 
the former one, with as = 8.2387(5)Å and c/as = 1.055, containing eight CuFe2O4, and the copper 
ions occupy the octahedral sites of the spinel lattice, leading to a structural formula close to 
(Fe3+)A[Cu2+Fe3+]BO4, corresponding to the equilibrium distortion at room temperature.  

The synchrotron powder diffraction scans (Figure 1) reveal that the structural phase transition at 
approximately ~ 340°C to ~420°C is manifested by the shift and disappearance of the reflections 
113T, 311T (tetragonally distorted spinel, F41/ddm) and appearance a new reflection 311C (cubic 
spinel, Fd 3 m) in investigated temperature range. An evidence is given that above 420ºC the JT-
distortion disappear.  
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Annealing treatment can modify the cationic distribution in spinel lattice. Structural analysis results 
indicated that above 350°C a part of copper ions moves into the tetrahedral sites and the structural 
(F41/ddm) � (Fd 3 m) phase transition appears. On heating the sample, the copper ions migrate to 
tetrahedral sites and the structural formula of the ferrite changes to (Cux

2+Fe1-x
3+)A[Cu1-

x
2+Fe1+x

3+]BO4 [6].  

 

Figure 1: Temperature evolution of the X-ray diffraction patterns for CuFe2O4 (SC). Data were measured at 
beamline B2, Synchrotron DESY HASYLAB, Hamburg. The shift of reflections 113T, 311T at the 

tetragonal� cubic phase transition can clearly be observed. For the graphic representation the program 
EVA (DIFFRAC plus BASIC Evaluation Package, Bruker AXS) was used. 
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The technology of modern high temperature electronic materials often includes the deposition of 
homoepitaxial silicon carbide layers. Deposition of perfect epitaxial layers is even more dependent on the 
appropriate finishing of the surface, than on the concentration of the defects in the substrate crystals. X-
ray reflectometric and diffraction topographic methods were applied for examination of 4H and 6H silicon 
carbide substrates finished with various regimes as well as silicon carbide epitaxial layers.  

The X-ray reflectometric investigation were performed for a number of samples both of 4H and 6H SiC 
polytypes prepared  using finishing regimes developed at the Institute of Electronic Materials Technology 
(IEMT). The structural perfection of the epitaxial layers and the substrate wafers was also controlled by 
synchrotron X-ray diffraction topography realized both in white and monochromatic beam. 

The values of the surface roughness were evaluated by fitting of the theoretical reflectivity curves to 
the experimental ones, by means of REFSIM program. The obtained X-ray reflectivity curves for 8 
and 0 off-cut 4H SiC substrates are presented  in Fig. 1. The values of surface roughness  
evaluated from the best fit theoretical curves are slightly higher than 2nm, namely  = 2.090.05nm 
for 4H SiC  wafer with0 off-cut and  = 2.160.05nm for 6H SiC with 8°off-cut respectively. 

 
 

Figure 1: The measured and simulated X-ray ref. curves for substrate wafers manufactured by SiCrystal with 
8° off-cut and the evaluated roughness  = 2.16 0.05 nm and with 0o off-cut (on axis) and the evaluated 

roughness  = 2.06 0.05nm, respectively. 
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In order to receive perfect epitaxial layer the improved finishing process of the substrate surface (i) 
and the new pre-etching process before the epitaxial process (ii) were established at IEMT. Applying 
of more fine surface lapping decreased the surface roughness up to 0.85 nm for 6H SiC with 4° off-
cut. This value was close to the surface roughness of the 6H SiC on axis substrates manufactured by 
Cree Inc. Additional finishing with electrochemical treatment (ECMP) used to the 4H SiC sample 
from the Institute of Electronic Materials Technology with 8° off-cut resulted in surface roughness  
= 0.55nm. 

On the 4HSiC substrate wafer with 8° off-cut manufactured at IEMT the 20 m-thick epitaxial layer 
was deposited after pre-etching process. The evaluated value of the surface roughness was  = 
1.14 0.05 nm. 

The synchrotron white beam projection (a) and section (b) topographs of the sample are shown in 
Fig. 2 indicating a relatively good perfection of the layer, shown by of individual dislocations and 
some pipe-formed cavities. It should be, however, noted  that the PVD generator used at the 
Institute of Electronic Materials Technology provide crystals containing higher concentration of 
defects than in the case of crystals grown by SiCrystal and Cree Inc. 

 

     
                                     a                                                                        b 
 

Figure 2: Synchrotron white beam projection – a. and section – b topographs of the sample 4H SiC with 8° 

off-cut finished by means of electrochemical treatment (ECMP) with 20m-thick SiC epitaxial layer 
manufactured at the Institute of Electronic Materials Technology. 
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Introduction  
Glass-coated amorphous microwires have attracted considerable attention along the last years 
due to their outstanding magnetic properties that make them suitable to be used as sensing 
elements in sensor devices [1]. The purpose of X-ray power diffraction (XRD) experiments 
was to investigate atomic structure of glass-coated Fe(77.5-x)NixSi7.5B15  (x = 75.5, 38.8, 27.9 at 
%) microwires in as-prepared state and to characterize their structure during thermal loading. 
 
Experiment 
Microwires were manufactured by means of a modified Taylor-Ulitovsky process based on 
direct casting from the melt that allowed us to obtain tiny ferromagnetic metallic wires (1-30 
µm in diameter) covered by insulating Pyrex glass coating (2-15 µm in thickness) [2]. The 
measurements were carried out with the multipurpose diffraction instrument at the beamline 
BW5 at HASYLAB/DESY. In our experiments samples were measured in quartz capillaries 
with 2 mm in diameter and illuminated during 30 seconds by 1x1mm2 primary X-ray beam of 
photon wavelength 0.124 Å. During in-situ measurement the amorphous alloy was heated by 
a mirror infrared furnace starting from the room temperature up to 600 °C with the heating 
rate 5 °C/min.  
 
Results 
We observed that only one sample is in amorphous state (Fe49.6Ni27.9Si7.5B15), while the others 
were nanocrystalline. In nanocrystalline samples phase analysis was done and revealed that Ni 
Fm3m phase was formed in Ni77.5Si7.5B15 and Fe-Ni Fm3m phase in Fe38.75Ni38.75Si7.5B15. Es-
timated grain size for Ni77.5Si7.5B15 and Fe38.75Ni38.75Si7.5B15 alloys was 30nm and 11nm, re-
spectively. Figure 1 shows series of diffraction patterns in 3D space acquired during thermal 
loading. From room temperature up to 413 °C this alloy is in amorphous state as it can be  
 
 

Figure 1: Series of XRD patterns in 3D space for Fe49.6Ni27.9Si7.5B15 alloy. 
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seen from diffraction patterns, which have only one diffuse maximum. At the first glance the 
patterns look the same however careful analysis revealed slight differences. Yavari at al. 
showed that tracing the position of the principal diffraction peaks with the temperature may 
be used for quantitative analysis of the volume changes [3]. Figure 2 shows monotonically 
increase of the sample volume with increasing of temperature up to 260 °C and thermal ex-
pansion coefficient was calculated from the slope of volume changes. Its value is αth = 
3.42x10-5 1/°C. Small minimum around 360 °C suggests the presence of the glass temperature 
Tg. For the comparison the thermal expansion coefficient of crystalline phase, appearing dur-
ing thermal loading, is shown in figure 3. Its value is αth = 1.2x10-4 1/°C. Additional thermal 
loading caused significant changes in the structure and first Bragg’s peaks were observed at 
temperature (413 °C), what means that the first crystallization occurred. Those Bragg’s peaks 
were identified as Fe-Ni Im3m phase. At temperature 478 °C Fe-Ni Im3m phase started to 
vanish and new Bragg’s peaks appeared. After careful phase analysis it can be concluded that 
body centre cubic phase Fe-Ni was transformed into face centre cubic phase. 
 
. 

  
Figure 2: Relative volume changes of 
Fe49.6Ni27.9Si7.5B15 sample in amorphous state. 

Figure 2: Relative volume changes of 
Fe49.6Ni27.9Si7.5B15 sample in crystalline state. 
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Perovskite-like compounds have widely technological applications, which initialed a numerous 
crystal structure investigation. At room temperature LaAlO3 has the rhombohedral structure, space 
group (S.G.) R3c), which transform into ideal perovskite cubic structure (S.G. Pm3 m) at 820 K [1]. 
HoAlO3 and TmAlO3 remain orthorhombic symmetry (S.G. Pbnm) in temperature range 298-1173 
K [2]. The present work is devoted to the study of the high-temperature (HT) behaviour of 
La0.95Ho0.05AlO3 and La0.95Tm0.05AlO3 by means of in situ high-resolution powder diffraction 
technique applying synchrotron radiations as a part of crystal structure investigations of mixed rare-
earth aluminates. 

The La0.95Ho0.05AlO3 and La0.95Tm0.05AlO3 samples were prepared by a combination of solid state 
reaction and arc melting in Ar atmosphere. In situ high-temperature powder diffraction experiments 
were performed with a STOE capillary furnace at the powder diffractometer at beamline B2 
(HASYLAB/DESY). Full patterns were performed in Debye-Scherrer geometry using an on-site 
readable image plate detector OBI in the temperature range of 298–1173 K. Data analysis was 
carried out by the Rietveld method using the WinCSD program package.  

In-situ HT powder diffraction examination established the rhombohedral perovskite-like structure 
in La0.95R0.05AlO3 (R=Ho, Tm) at ambient temperature. The La0.95Ho0.05AlO3 specimen undergoes 
the continuous second order phase transition from rhombohedral to cubic structure at 880 K. This 
phase transformation in La0.95Tm0.05AlO3 is observed at somewhat higher temperature 895 K. 
Refined crystallographic parameters of structural modifications of La0.95R0.05AlO3 (R=Ho, Tm) 
solid solutions at different temperatures are presented in Table 1. The temperature dependencies of 
the lattice parameters and cell volume of La0.95Tm0.05AlO3 and La0.95Ho0.05AlO3 are shown in Fig.1. 

Table 1. Crystallographic parameters of different structural modifications of La0.95R0.05AlO3 
(R=Ho, Tm) solid solutions. 

La0.95Ho0.05AlO3 La0.95Tm0.05AlO3 

Parameters R 3 c(673 K) 
RI = 0.0491 
RP = 0.1029 

Pm3 m(1073 K)
RI = 0.0755 
RP = 0.1001 

R 3 c(673 K) 
RI = 0.0429 
RP = 0.1064 

Pm3 m(1073 K) 
RI = 0.0609 
RP = 0.0803 

a, Å 5.37777(8) 3.81803(3) 5.37998(6) 3.81837(5) 

Atom  
sites 

c, Å 13.1580(4) - 13.1624(3) - 
x 0 ½ 0 ½ 
y 0 ½ 0 ½ 
z ¼ ½ ¼ ½ 

R, 
6c in R3 c 

1b in Pm3 m Biso, Å2 1.08(1) 1.47(2) 1.06(1) 1.06(2) 
x 0 0 0 0 
y 0 0 0 0 
z 0 0 0 0 

Al, 
6b in R3 c 

1a in Pm3 m Biso, Å2 0.78(4) 1.10(9) 0.84(4) 0.54(7) 
x 0.521(2) ½ 0.524(2) ½ 
y 0 0 0 0 
z ¼ 0 ¼ 0 

O, 
18e in 
R 3 c 

3d in Pm3 m Biso, Å2 1.39(9) 3.0(2) 0.89(9) 2.21(12) 
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Figure 1. Temperature dependencies of normalized lattice parameters and cell volumes of La0.95Tm0.05AlO3 
and La0.95Ho0.05AlO3 solid solutions. Lattice parameters and volumes of the rhombohedral cell are normalized 
to the perovskite ones as follows: ap=ar/√2, cp=cr/√12, Vp=Vr/6. 

As it is evident from the temperature dependencies of normalized lattice parameters, the 
rhombohedral distortion of perovskite structure decreases with temperature increase. The HT 
rhombohedral-to-cubic transformation is induced by deformation of perovskite structure and its 
temperature decreases within increasing R-cation radius and tolerance factor. Such observed 
behaviour is typical for the related compounds [2-4].  
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The research of ferroelectric thin films with thicknesses of a few hundred nanometers has been 
stimulated by the requirement for miniaturization of components and devices in microelectronics 
and micromechanics. Thin films based on lead perovskites, such as Pb(Zr, Ti)O3 (PZT), have 
excellent ferroelectric and piezoelectric properties. However, due to the increased awareness of the 
environment and health hazards, and regulations implemented in the EU [1],  the research has been 
reoriented towards environment friendly lead-free materials.  

K(Ta, Nb)O3 is a promising material due to its good tunable properties in the paraelectric state, 
which can be exploited in tunable microwave devices. However, this material poses processing 
difficulties, typical for all lead-free materials, such as high vapour pressure of the potassium oxide 
at annealing temperatures, contributing both to deviations from the nominal stoichiometry and 
formation of secondary phases with a deficiency of alkalines in the ceramics. Even more, a 
compositional heterogeneity on the B-site (Ta / Nb), which cannot be eliminated by a prolonged 
high-temperature annealing, was also reported [2].  

In the previous study we prepared KTa0.6Nb0.4O3 thin films on alumina substrates by chemical 
solution deposition [3]. Perovskite films, prepared from the 24 h-refluxed sols and heated at 900 
°C, showed relaxor-like dielectric properties in the broad frequency range, which could have an 
origin in the B-site heterogeneities. In order to enhance dielectric properties of the material we need 
to establish whether the segregation of constituent metal elements occurs already in the liquid 
precursor (sol) or within a specific crystallisation mechanism.  

The aim of this work is to study structural changes in the KTa0.6Nb0.4O3 sol precursors at different 
synthesis conditions. KTa0.6Nb0.4O3 sols were prepared from potassium acetate and transition metal 
alkoxides. After dissolution of starting compounds in 2-methoxyethanol solvent the sols were 
refluxed. Different reflux times were aplied: 1 h, 4 h, 24 h, and 48 h. All synthesis steps were 
performed in a dry (moisture free) atmosphere due to a high water-sensitivity of the starting 
compounds. After reflux the sols were stable for months.  

Nb K-edge and Ta L3-edge EXAFS spectra were measured in a standard transmission detection mode 
at C station of HASYLAB. A Si(111) double-crystal monochromator was used with about 2 eV resolution 
at 10 keV. Harmonics were effectively eliminated by detuning the monochromator crystals to 60% of 
the rocking curve maximum  using a stabilization feedback control. The intensity of the x-ray beam 
was measured by three consecutive 10 cm long ionization detectors, filled with 950 mbar Ar, 400 
mbar Kr, and 460 mbar Kr, respectively, for Nb K-edge spectra (18986 eV), and with 1000 mbar N2, 400 
mbar Ar, and 550 mbar Ar, respectively, for Ta L3-edge spectra (9881 eV). The samples were placed 
between the first two detectors. The exact energy calibration was established with a simultaneous absorption 
measurement on the corresponding (Nb or Ta) metal foil placed between the second and the third ionization 
detector. 

The liquid samples (KTa0.6Nb0.4O3 sols) were inserted in a variable length absorption cell with 0.3 
mm thick Lucite windows. The length of the cell was adjusted to the total absorption thickness of 
about 2 above the investigated (Nb or Ta) absorption edge.The absorption spectra were measured 
within the interval from -250 eV to 1100 eV relative to the investigated edge. In the XANES region 
equidistant energy steps of 0.5 eV were used, while for the EXAFS region equidistant k-steps (Δk 
≈0.03 Å-1) were adopted with an integration time of 1s/step. The data of two identical runs were 
superposed to improve the signal-to-noise ratio and to check the stability and reproducibility of the 
detection system.  
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Fourier transforms of Nb-K edge and Ta-L3 edge EXAFS spectra (Fig. 1) reveal complex local 
structures around the two metals in all sols. Due to the high quality of the measured spectra with 
low noise level up to k = 15 Å-1, the contributions of consecutive neighbour shells up to 4 Å are 
clearly resolved. Qualitative comparison of Ta EXAFS spectra measured on the sols after different 
reflux times (Fig. 1 right) show that there are no structural changes around Ta atoms. On the other 
hand, Nb EXAFS spectra (Fig. 1 left) clearly indicate significant changes of the Nb local 
neighbourhood as a consequence of different reflux times. Most prominent changes appear after 
24h of reflux, where a strong decrease of the first composed peak (R-range ~ 1 Å – 2.3 Å) indicates 
structural changes within the nearest Nb coordination shell, accompanied by a redistribution of 
more distant neighbours, as indicated by the comparison of the spectra in the R range of  3 Å - 4 Å. 
A detailed quantitative EXAFS analysis is expected to elucidate the processes in the sol important 
for the synthesis of the final product with desired dielectric properties. 

 

Figure 1: The k3 weighted Fourier transforms of Nb-K edge (left) and Ta-L3 edge  (right) EXAFS spectra 
measured on KTa0,6Nb0,4O3 sols after different reflux times. Fourier transforms are calculated in the k-range 

from 3 to 15 Å-1. 
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A-site ordered perovskites of the composition ACu3B4O12 have recently gained great interest due to 
their unusual physical properties. The compounds Ln2/3Cu3Ti4O12 (x = 0) and LnCu3Ru4O12 (x = 4) 
are comparatively well studied end member of the substitution series LnCu3Ti4-xRuxO12. While the 
insulating titanate shows a high dielectric constant over a broad temperature and frequency range 
like the famous CaCu3Ti4O12 (CCTO) [1,2], the ruthenate is a metallic conducting “heavy-fermion” 
system [3,4]. For all values of x the compounds can be synthetisized by solid state reaction from the 
binary oxides Ln2O3, CuO, TiO2 and RuO2.   

 

Figure 1: Crystal structure of LnCu3Ru4O12. Ln ions are positioned on the corners and in the center, Cu ions 
on the edges and faces (blue) and the Ru/TiO6 octahedra are drawn in green. 

The crystal structure (Fig. 1) shows the relationship to the ABO3 perovskite structure. The sum 
formula A’A’’3B4O12 indicated that the perovskite A site is split in two different positions A’ (Ln) 
and A’’ (Cu) due to symmetry reduction by a tilting of the BO6 octahedra. Thus the Cu ions are 
located in a quadratic planar coordination, while the Ln ions become icosahedral coordinated. In 
the case of B = Ti (x = 0) the A’ site is 2/3rd occupied, which can be explained by the 3+ valence of 
the Ln ion compared to the used Ca2+ in CCTO. 

Assuming the valences of Ln, Cu, Ti and O in these compounds to be fixed as +3, +2, +4 and -2 
respectively, a change in the Ru oxidation state depending on the value of x is expected from +2 for 
x = 0.5 to +3.75 for x = 4. This variation in valence of the Ru ion would not be surprising 
considering the many known compounds with different Ru oxidation states between +3 and +8. To 
examine if Ru actually changes its valence in LnCu3Ti4-xRuxO12, XANES measurements were 
carried out at beamline X (Ru-K absorption edge) and at E4 (Ru-LIII absorption edge). The spectra 
of the LIII edge can be fitted with two pseudo-Voigt functions for the Ru eg and t2g states, plus one 
arc tangent function for the step in absorption. At the K edge this procedure could not be applied 
and the energy was calculated from the first inflection point of the spectra. All raw data was energy 
calibrated by a simultaneous measurement of Ru metal powder. For the determination of the 
oxidation state, several Ru containing reference samples with already known Ru oxidation state 
have been used. 

First results at the Ru-LIII edge showed a constant value close to +4 for Ru (Fig. 2) for the series 
with Ln = La and Nd. This finding was confirmed by the measurements at the K edge of the La, Pr 
and Nd containing samples (Fig. 3). The results for each x-value are drawn against the nominal 
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oxidation number for Ru calculated from the above considered fixed valences for Ln, Cu and Ti. 
Additional XPS measurements carried out in Augsburg also indicated a constant value of the Ru 
valence.  
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Figure 2: Ru valence from the Ru-LIII absorption edge at beamline E4. 
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Figure 3: Ru valence from the Ru-K absorption edge at beamline X. 

Since the valence of ruthenium remains close to +4, the oxidation number of another ion in these 
compounds is supposed to change to preserve charge neutrality. The Cu ion is the most favorable 
candidate as both Cu+1 and Cu+2 oxides are known. Alternatively, but very unlikely, Ti may change 
its oxidation state or a Ru deficiant compound may be the reason. In order to investigate the 
possiblity of mixed Cu valences in these compounds, future XANES measurements of the Cu-K 
and Ti-K absorption edges are planned.  
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The uniaxial tensile behavior of Zr62Al8Ni13Cu17, Cu46Zr46Al8, Zr48Cu43Al7Ag2,  and 

La62Al14(Cu5/6Ag1/6)14Co5Ni5 bulk metallic glasses (BMGs) has been investigated by using in situ 

synchrotron radiation diffraction technique. It is found that the local strain is basically homogeneously 

distributed at low stress. However, heterogeneity appears obviously when the stress is close to the fracture 

strength. The amplitude of fluctuation in local strain for four BMGs could relate to the distribution of excess 

free volume within the medium range order. 
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We present mechanical properties of monolithic bulk metallic glass (BMG) Zr62Al8Ni13Cu17 under 

uniaxial compression and tensile tests. It is found that the Zr62Al8Ni13Cu17 BMG exhibits pronounced 

plasticity of nearly 14% without catastrophic failure upon compression. However, it is destroyed under 

tension in a brittle manner. High energy X-ray diffraction has been used to detect the structural change in 

this BMG during both conditions. No deformation-induced nanocrystallization is detected in a 55% strained  

sample under compression while it only appears in the fracture-affected region upon tension. No excess free 

volume is obviously found in the fractured samples. We suggest that monolithic BMG alloys with small 

differences in atomic affinity and atomic sizes among componentsmight have high plasticity under 

compression. 
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In electrochemical double-layer capacitors, also known as supercapacitors (SC) electrical charge
is stored in an electrochemical double-layer; when compared to batteries, these devices offer high
power densities (e.g. fast charge/discharge) but rather poor energy densities (e.g. charge storage
capacity). In order to increase the capacitance of a SC, battery-like mechanisms in form of pseu-
docapacitances can be introduced by integration of metal oxides. In our case, the fast reversible
redox-reactions of manganese oxide are used.
For the SC electrode we used a carbon aerogel (CA) that was derived from a resorcinol-formal-
dehyde precursor (see e.g. [1]). Due to their tailorable structural properties such as the average
pore size and surface area CAs offer ideal characteristics for electrochemical energy storage. To
introduce manganese oxide, a self-limiting process involving carbon and sodium permanganate was
used (e.g. [2]). For the samples discussed here, a fibre reinforced carbon aerogel was infiltrated
with a NaMnO4 solution; to vary the manganese concentration in the composite the duration of
exposure of the carbon matrix to the sodium permanganate solution was varied.
By SEM-investigation of samples infiltrated with 0.1 M NaMnO4, one can see MnO2 building
up on the exterior of the carbon particles that are forming the matrix backbone; this results in an
increase of the particle diameter from about 20 to 40 nm (see Figure 1). Gas sorption measure-
ments (not shown here) show a decrease of the BET surface area and the micropore volume with
increasing MnO2 loading. This implies that the microporous structure of the aerogel is either filled
with MnO2 or the acess to the micropores is blocked by MnO2 that coats the external surface area
of the carbon backbone. The aim of this study was to distinguish between these scenarios via
ASAXS measurements at the Mn absorption K-edge. Measurements at four energies below the
K-edge of Mn at 6443 eV [3] where performed (see Figure 2). Two different sample-detector-
geometries where used, yielding to complementary information in the angular range. The binned
and thickness-corrected data was directly used without further treatment.

Figure 1: SEM-picture of carbon aerogel backbone (left) and the same sample infitrated with 0.1 M
NaMnO4 for 60 min (middle) and 1440 min (right).

For a sample with 19 wt.% MnO2-loading the data is shown in the right part of Figure 2. The inset
shows decreasing scattering intensity with decreasing energy, due to the variation in the scattering
factor f1. To identify first trends, the difference of ASAXS scattering curves are plotted for various
MnO2 mass loadings in Figure 3. Increasing the mass loading from 6 to 19 wt% leaves the intensity
at low q-values fairly unchanged. At medium to large q-values, the intensity rises. With even higher
mass loading of 27 wt%, the intensity at low q-values increases and a shoulder appears. These
results lead to the interpretation that for low mass loading the micropores of the carbon backbone
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are filled with MnO2. At high loading (27 wt%), this trend continues, but additionally larger entities
of MnO2 contribute. This can be due to the formation of MnO2 particles or increasing coating of
the external surface area of the carbon backbone.
These preliminary measurements show promising results, further measurements with samples car-
rying higher mass loadings of MnO2 will be conducted. Furthermore, quantitative analysis of the
already obtained data will provide information and thus result in more profund understanding of
the exact location of the deposited MnO2.
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Figure 2: Left: Theoretical [3] scattering form factor and experimental absorption of Mn-foil used as refer-
ence and carbon with 19 wt% MnO2; red dots show the energies chosen for the ASAXS experiments. Right:
SAXS-intensities for the 19 wt% sample at different energies. Inset shows a zoom into the scattering curves.

Figure 3: Differences of SAXS-intensities for various mass loading of MnO2, taken at different energies.
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Lead-based perovskite-type (ABO3) relaxor ferroelectrics exhibit the highest dielectric permittivity, 
piezoelectric/electro-elastic and electro-optic coefficients among known advanced materials, which 
make them very attractive for a number of technological applications. The exceptional relaxor 
properties are due to their structural inhomogeneity. At ambient conditions, the average structure is 
pseudocubic but rich in ferroic nanoregions. The size of these ferroic nanoregions is insufficient to 
be directly studied by conventional Bragg diffraction analysis. However, complementary 
application of in-situ temperature/pressure X-ray diffraction (XRD) and Raman scattering allows us 
to resolve the structural complexity of relaxors. The two methods have different length scale of 
sensitivity and the combined analysis of the low-temperature or high-pressure average structure and 
phonon anomalies enhanced on temperature decrease or pressure increase can reveal the 
energetically preferred structural nanoclusters at ambient conditions. In this regard, high-pressure 
experiments are vital for the better understanding of the nanoscale structure of relaxors. Recently, 
by applying XRD, neutron diffraction and Raman scattering on model compounds, namely 
stoichiometric and A-site doped PbSc0.5Ta0.5O3 (PST) and PbSc0.5Na0.5O3 (PSN) [1-4], we 
demonstrated the existence of a pressure-induced cubic-to-ferroic phase transition in this class of 
materials. The phase transition is reversible and thermodynamically second-order. It is revealed by 
the discontinuity in the bulk modulus, the appearance of a soft mode and a strong suppression of 
the X-ray diffuse scattering (XDS) along the pseudocubic 110 *-directions. The presence of 

110 *-XDS at ambient pressure is due to the existence of polar nanoregions comprising off-centre 
cation shifts which correlate only on an intermediate-range scale. In this report, we present a 
detailed analysis of the pressure evolution of the XDS in PSN as representative of Pb-based 
perovskite-type relaxor ferroelectrics. The crystal studied does not exhibit a chemical 1:1 B-site 
long-range order, which gives rise to hkl Bragg reflections with h,k,l all odd as indexed in mFm3 . 
This allowed us to detect the appearance of new sharp diffraction peaks under pressure, which are 
accompanied by a new type of XDS, along the pseudocubic 100 *-directions. 
High-pressure synchrotron single-crystal XRD experiments were conducted at the F1 beamline of 
HASYLAB/DESY using a MarCCD 165 detector. Data on {100}- and {110}-oriented cuts of 
single-crystal PSN were collected with a radiation wavelength λ = 0.5000 Å, a sample-to-detector 
distance of 100 mm and stepwidth of 0.5° per frame. Different exposure times (1, 2, 5, 120, 240 s) 
were examined in order to find the optimum conditions for avoiding the detector oversaturation 
from the strongest diffraction peaks while being able to detect and measure the X-ray diffuse 
scattering data, on the other side. The in-situ pressure experiments were conducted in diamond 
anvil cells of Boehler-Almax design, using a 4:1 methanol-ethanol mixture as a pressure medium 
assuring hydrostatic pressure up to 9.8 GPa. The ruby photoluminescence method was used for 
pressure determination. 
The pressure evolution of the pseudocubic unit-cell volume revealed that for PSN the phase 
transition occurs at pc = 4.1 GPa [3]. As seen in Fig.1, the 110 *-XDS is considerably suppressed 
above pc, but it does not vanish as had been claimed in the literature. We observed the same 
persistence of weak 110 *-XDS above pc for other relaxor compounds; its detection depends 
critically upon the experimental conditions (sample thickness, exposure time etc.). The sharpness of 
the pressure-induced odd-odd-odd peaks reveals a well-established long-range order. The absence 
of hhh diffraction peaks, h = 2n+1 indicates that the high-pressure phase is characterized with a 
pseudo glide-plane symmetry related to antiphase octahedral tilts. Structure refinements to neutron 
data [4] confirmed this conclusion and demonstrated that the most probable symmetry is cR3  or 

3R , for chemically B-site disordered or ordered compounds respectively. The origin of the 
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pressure-induced 100 *-XDS is not clear. It can originate from octahedral-tilt faults or 
rhombohedral-domain walls parallel to the pseudocubic {100}-planes or coexistence of tilt order of 
the same type but different degree or vice versa. Further experiments at pressures above 10 GPa are 
necessary to clarify this issue. 

 

Figure 1: Reciprocal space layers of PSN showing the decrease of intensity of the 110 * streaks and the 
enhancement of odd-odd-odd reflections at high pressure. The pressure dependence of the integrated 

intensities of two representative Bragg reflections with hkl, all odd is also shown. At bottom, the sections 
clearly show the absence of hhh, h = 2n+1, diffraction maxima. All indices are given for mFm3 . 
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In recent years, a lot of new quantum size effects connected with metallic nanoparticles and their 
possible applications in spintronics, nano-optics and biomedicine were discussed. Here, studies 
of self-assembling processes of metallic nanoparticles and nanoparticle cluster formation in 
organic matrix are of vital importance. In particular, magnetic nanoparticle clusters inside the 
insulator matrix may produce tunnel magneto-resistance effect which depends not only on the 
size of the nanoparticle aggregates but their spacing, too [1]. In order to study a 3D nanoparticle 
arrangement in the insulating matrix we have developed a modified Langmuir-Blodgett 
deposition technique to produce multilayer structures from Fe2O3 nanoparticles. The 
nanoparticles were processed by UV light to remove the nanoparticle surfactant shell which 
resulted in their re-arrangement and collapse of the 3D multilayer stacking. In order to 
characterize the nanoparticles arrangement in the 3D multilayer before and after the UV 
illumination we have monitored the multilayer interfaces by the grazing-incidence small-angle 
X-ray scattering (GISAXS). 

Six-layer nanoparticle multilayers were prepared by the Langmuir-Blodgett (LB) deposition 
technique. Presence of the multilayer structure was proved by the X-ray releflectivity (XRR) 
measurement. We used grazing incidence small-angle X-ray scattering technique to study lateral 
and vertical correlations of the multilayers. The measurements were realized at BW4 beamline 
(HASYLAB). The incidence angle was set to 0.7 deg which is much larger than the critical angle 
of the silicon substrate of 0.25 deg. From the analysis of the experimental GISAXS pattern of the 
initial self-assembled state it is clear that there is no vertical correlation between the nanoparticle 
positions in neighbouring layers (Fig. 1d). For the explanation of the experimental results we 
developed a discrete stochastic model in the framework of the kinematical theory and the 
distorted-wave Born approximation (DWBA). This approach has not been applied yet for a 3D 
nanoparticle multilayer. Four scattering channels were assumed in the final grazing incidence 
scattering process in the DWBA [2]. From the small-angle X-ray scattering (SAXS), we have 
determined the nanoparticle hard core diameter dispersion as 6.2±0.7 nm. The experimentally 
observed dispersion was included into our discrete model via the decoupling approximation 
(DA) (known also as random mixture approximation) which proved to be fully sufficient for this 
pilot study. From the previous investigation of the Fe2O3 nanoparticle monolayer prepared by the 
LB technique it was shown that the self-assembling of the magnetic nanoparticles results in a 
disordered crystal with no preferred symmetry which could be very well described by the 
statistical 1D paracrystal model. This result is in agreement with Lazzari [4] who demonstrated 
on a 2D paracrystal model with hexagonal symetry that if a Gaussian disorder parameter was 
large enough the expected peak positions typical for hexagonal symmetry vanished and the 2D 
paracrystal model could be replaced by a 1D paracrystal. In our simulation, each of six layers is 
represented by a 1D paracrystal chain with a mean inter-nanoparticle distance of 7.2 nm and 
6.4 nm in lateral and vertical directions, respectively, which simulate well the experimentally 
acquired data. The lateral and vertical Gaussian disorder parameters were set to 0.17 and 0.03, 
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respectively. The number of nanoparticles in each chain was set to 50. To demonstrate absence 
of the vertical correlation between the layers, we simulated three different cases. Firstly, there 
was no shift between the layers (ideal vertical correlation between the particles in the 
neighbouring layers - Fig. 1a). Secondly, the neighbouring layers were shifted laterally by a half 
of the mean interparticle distance (Fig. 1b). Thirdly, each layer was shifted randomly with 
respect to the neighbouring ones (Fig. 1c). The third simulation fits quite well and explains our 
experimental data. 

 
Figure 1: DWBA simulations of a six-layer nanoparticle multilayer. Each layer is represented by a 1D 
paracrystal. The figures (a-c) illustrate the influence of the lateral shift between the 1D paracrystals on the 
GISAXS pattern: (a) no shift, (b) shift by a half of the mean interparticle distance, (c) random shift. The 
figure (d) is the GISAXS pattern of the six-layer nanoparticle multilayer prepared by Langmuir-Blodgett 
deposition and measured at BW4 (initial state). 
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Binary rare-earth (RE) silicate RE2O3 – SiO2 systems with the 1:1 composition create a group of 
oxyorthosilicates RE2(SiO4)O and belong to two different types of monoclinic structure determined 
by a radius of rare earth ion. Representatives of both crystal types are Gd2SiO5 (GSO) and Lu2SiO5 
(LSO) belonging to the different space groups: the crystal structure of GSO is P2/c1 whereas, of 
LSO is C2/c1. The crystals are of great interest owing to unique thermal and optical properties. Co-
doped with Ce3+ or other 4f-elements offer applications as new efficient scintillating and lasing 
systems. Similar properties and applications are expected with reference to rare earths-doped solid 
solution crystals with the formula (Lu1-xGdx)2SiO5 (Dy:LGSO) that are easier to obtained than the 
LSO or GSO single crystals. It was found that dysprosium-doped (Lu1-xGdx)2SiO5 host with x = 0.2, 
0.4, 0.6 0.8 belongs to the LSO type structure even for large amounts of gadolinium ions (x = 0.8) 
and the phase transition from C2/c1 to P2/c1 structure should be expected  for  Gd3+ amounts higher 
than 80%. Excitation spectra of Dy3+-doped LSO, GSO and LGSO solid state crystals, monitoring 
the 4F9/2 → 6H13/2 emission of Dy3+ at 576 nm at 12 K, are presented in Fig. 1. Based on results 
reported in [1], broad bands in 150-225 nm with superimposed line structure were assigned to 
charge transfer CT (O-2-Dy) and inter-configurational (f-d) transitions. Sharp and well-defined lines 
in the range of 231 – 335 nm correspond to electronic transitions within the 4f9 and 4f7 ground 
configurations of Dy3+ and Gd3+ ions, respectively. The presence of the gadolinium lines in 
excitation spectra of Dy3+ emission indicates an efficient energy transfer between ions. Spectral 
positions of the observed bands are nearly the same for all studied crystal. However, a different the 
VUV response was observed. In contrast to the LSO:Dy and GSO:Dy crystals, the solid state 
systems exhibit a comparable intensities of the f-f and CT bands. Such result suggests that the 
energy transfer of the high-energetic synchrotron radiation absorbed by systems to Ln3+-emitting 
centres is more efficient in the LGSO solid state solution hosts than in LSO or GSO ones.  
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Figure 1: Excitation spectra of Dy3+-dpoed Gd2SiO5, (Lu1-xGdx)2SiO5 and Lu2SiO5 monitoring 576 nm 
emission from Dy3+ at 12 K (solid) and 300 K (dotted). 
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For a long time caesium trihalogenoplumbates, CsPbX3 (X = Cl, Br, I), have attracted considerable 
attention  due to  their  promising  optical  properties  [1-3].  In particular,  the optical  properties  of 
CsPbBr3 and CsPbI3 were investigated  at  LT [4-5].  We suppose that  abrupt  change in  exciton 
emission spectra of CsPbBr3 nearby 25 K might  be originated from structural transition at  this 
temperature.  In order to check existence of any phase transformations  in CsPbBr3 in cryogenic 
range, we performed detailed powder diffraction investigation of CsPbBr3 in the range 12-300 K. 

Low-temperature structural investigations were performed at high-resolution powder diffractometer 
at beamline B2. He closed-cycle cryostat from Cryophysics with a silicon diode as temperature 
sensor and a PID control circuit have been utilized for low-temperature studies. The wavelength of 
0.52685  Å was  determined  from the  positions  of  LaB6 (NIST 660a reference  material)  Bragg 
reflections.  The measurements  were performed in a Debye-Sherrer capillary geometry using an 
image  plate  OBI-detector.  In  addition,  one  high  resolution  pattern  was  collected  at  ambient 
conditions using scintillating single counter equipped with embedded in its front Ge(111) analyzer 
crystal (transmission θ-2θ geometry, λ= 0.53766 Å). 

(a) (b)

Figure 1: High resolution diffraction pattern of CsPbBr3 at room temperature (a) and view on the 
Pbnm structure of CsPbBr3 (framework of conner linked PbBr6 octahedra with caesium between 

octahedra).

In  situ diffraction  examinations  revealed  that  crystal  structure  of  CsPbBr3 compound  remains 
orthorhombic (Pbnm symmetry) in the whole temperature range investigated. Neither splitting of 
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reflections  due  to  symmetry  changes  nor  broadening  was  observed  in  synchrotron  diffraction 
patterns CsPbBr3 upon cooling down to 12 K and heating up to 300 K. 

(a) (b)

(c)

Figure 2: Temperature evolution of normalized 
cell parameters (a) and volume (b) in CsPbBr3. 
ap=a/20.5, bp=b/20.5, cp=c/2, Vp=V/4 where a, b, c 
and  V  are  cell  dimentions  of  orthorhombic 
(Pbnm)  CsPbBr3.  Relative  expansion  is 
presented in (c) and determined as follows: 

δa = 100 % ×  (a(T)-a(12 K))/a(12 K);

 δb = 100 % ×  (b(T)-b(12 K))/b(12 K);

 δc = 100 % ×  (c(T)-c(12 K))/c(12 K).

The lines in (a) and (b) are guides for the eyes. 

The  low  temperature  evolution  of  cell  parameters  in  CsPbBr3 is  shown  in  figure  2.  Strongly 
anisotropic behaviour of lattice parameters can clearly be seen in figures 2(a) and 2(c). a and c 
parameters increase from ~40 K to 300 K at that the lattice expands along a direction stronger than 
along c axis. b parameter decrease in the same temperature range. 

It is also seems that slight increase in b parameter, which shows decreasing behaviour higher 40 K, 
and decrease in a parameter occur at temperatures lower 40 K. We can assume that these structural 
changes might probably correlate with the abrupt  change in  exciton  emission spectra of CsPbBr3 
around 25 K. However, further analysis of interatomic distances and discussion concerning possible 
influence of temperature induced variations of distances on optical properties of CsPbBr3 is still in 
progress. 
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The motivation for the project arose from the fact that Finite Element (FE) weld residual stress 
modelling involves complex non-linear analyses where many assumptions and simplifications have 
to be made. Consequently, models need to be validated against experimental data. In this project, 
the impact of welding induced phase transformations on the residual stress is in the focus of 
interest. Furthermore, the changes in texture as a function of distance from the weld are of interest 
for the development new weld residual stress modelling codes. For this purpose, autogenous edge-
welds made from ferritic steel were manufactured at two different weld speeds. This very simple 
system was chosen on purpose to be able to eliminate many influencing factors such as filler 
material issues, and to be able to concentrate only on the aspect of phase transformations due to 
welding and the resulting stresses. The specimens were 180 mm long, 50 mm high and 10 mm 
thick. The edge weld ran along the 10 mm wide long edges. 

  

Figure 1: Phase distribution as a function of 

distance from weld in specimen  

welded at "slow" speed. 

Figure 2: Residual strain measured in α-Fe phase using 

the peak shift of the α-Fe 211 reflection. 

The measurements were conducted at the HARWI II beamline, using photons with an energy of 110 
keV. A MAR345 image plate detector system was placed 1600 mm behind the specimen to monitor 
complete diffraction rings. For both specimens a thin reference rod had been measured in addition 
to obtain values for the position dependent strain free lattice spacing d0. Figures 1 and 2 show 
preliminary results for the specimen welded at "slow" speed. Earlier modelling results [1] agree 
well with the experimental results from both specimens. 
Data for the determination of the texture variation in the α-Fe phase has been taken in addition. The 
data was still under processing at the time of this report. 
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Friction stir welding (FSW) has in a very short time found a multitude of applications for high-tech 
applications of transportation and energy industries. When engineering metallic materials are 
friction stir welded, thermo-mechanical processes alter the base metal microstructure and 
properties. The result is the formation of non-equilibrium microstructures in the joint region, which 
are significantly different from those found in the base material. Such non-equilibrium phases can 
reduce strength and toughness of the material and are normally compensated by increasing the 
dimensions or design complexity of integral structures with negative effects on material 
consumption, performance, and productivity of these structures. The present knowledge on such 
non-equilibrium metallurgical reactions has been extrapolated from investigations on specimens in 
'as welded' (i.e. post mortem) condition (e.g. [1]). However, the intermediate stages of precipitation 
or phase transformations in the weld zone during welding can only be registered by in-situ 
experiments. In general, post-mortem studies can only estimate the phenomena taking place in 
these stages. Therefore, the transportable FSW system 'FlexiStir' [2] for in-situ measurements in the 
X-ray beam during welding was developed and patented by GKSS. Quantitative results of 
precipitation and recrystallisation phenomena have been achieved by an in-situ monitoring in weld 
of aluminium alloy AA7449. Especially small-angle X-ray scattering (SAXS) at high photon 
energies was used to obtain spatial resolved results on volume fractions and sizes of precipitates at 
different locations in the weld zone. 

The photon energy chosen was 
70 keV. The beamsize of 
0.2 × 0.2 mm2 was defined by the 
first slit pair. Rounded pure tung-
sten blades were used to avoid an 
additional SAXS signal from the 
slits. A second slit pair of tung-
sten carbide was used for the 
cleaning up of the beam. A lead 
beamstop with a diameter of 
2 mm was used. The detector, a 
MAR345 online image plate 
scanner, was positioned at a dis-
tance of 7030 mm behind the 
sample. The beam incident angle 
with respect to the 3,2 mm thick 
Al sheets to be welded was 57.5º. 
The aluminium alloys AA7449 
and AA2198 were used for the 
study. In the present experiment, 
the rotating tool advanced with a 

 

Fig.1: FlexiStir at HARWI II beamline 
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speed of 4 – 8 mm/s, that allowed an exposure time of 4 s. The distance between beam and tool was 
fixed during the exposure. These welding conditions are close to real FSW conditions. 

In front of the tool the increasing temperature leads to coarsening of nano-precipitates in the un-
welded base material (Fig.2). The distance ahead of the tool increased from 0.2 mm to 7.2 mm. The 
feed rate was 5 mm/sec. The coarsening of the particles occurs already 4.2 mm ahead of the tool. 
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Fig. 2: Dissolution of nano-precipitates in front of the tool, 
scattering curves (a) and calculated mean radius of the particles (b).

The results give unique information about the FSW process and will be input for a process model 
describing thermo-mechanical phenomena in the FSW process. 
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Study of Luminescence Properties of Eu3+ - Doped 
LuxY1-xBO3 (x = 0, 0.25, 0.5, 0.75, 0.85, 1) solid 
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2Central Research and Development Institute of Chemistry and Mechanics, 115487, Moscow, Russia 

Borates were widely investigated due to its potential for the application in scintillating detectors, 
luminescent lamps and plasma display panels. Doping of the yttrium borate with europium ions 
allows to obtain efficient phosphor material. Incorporation of lutetium as a cation benefits in the 
increasing of material density and in high light yield in comparison to that with yttrium, gadolinium 
or lanthanum cations in borates [1]. Further enhancement of the light yield can be expected for the 
borates with both lutetium and yttrium cations. Actually it is known that superior light output is 
observed for LuxY1-xAlO3:Ce in comparison with YAP:Ce or LuAP:Ce [2]. Here the luminescence 
properties of the set of borates solid solutions LuxY1-xBO3 (x = 0, 0.50, 0.75, 0.85, 1) doped with 
Eu3+ as well as undoped LuBO3 and YBO3 were investigated.  

Investigated samples were synthesized by sol-gel method and characterized by the X-ray diffraction 
and scanning electron microscopy. X-ray phase analysis showed that the measured sample of YBO3 
was crystallized in the vaterite structure while LuBO3 was crystallized in the vaterite phase with 
presence of the calcite phase. Concentration of Eu3+ ions was 1 mol %. Spectroscopic study of the 

samples was carried out using synchrotron radiation 
in the energy region 3.7-22 eV at the SUPERLUMI 
station, DESY [3]. Luminescence spectra were 
corrected for the spectral sensitivity function of the 
registration route. 

Two luminescence bands were detected for the 
undoped samples of LuBO3 and YBO3 at T = 10 K 
(fig.1). The UV luminescence band with maximum at 
270 nm (4.6 eV) in LuBO3 and at 260 nm (4.77 eV) 
in YBO3 is observed under excitation in the region of 
the fundamental absorption edge and also at higher 
energies (fig.3). This band can be considered as the 
intrinsic one and attributed to the self-trapped 
exciton. The second luminescence band is observed 
in the visible spectral region with maximum at 450 
nm (2.75 eV) for LuBO3. Its excitation bands are 
observed in the transparency region of the borates 
while in the fundamental absorption region excitation 
of this luminescence band drops almost to zero. Such 
behavior is characteristic for the luminescence 
centers that are due to the defects of the crystal 
structure. For the europium doped samples only the 
luminescence of the dopant was observed (fig.2). As 
the crystal structure of LuxY1-xBO3 changes from the 
pure calcite structure at values of x ≤ 0.5 to the mix 
of calcite and vaterite structures at x > 0.5, the 
luminescence spectrum of Eu3+ also slightly changes 
with x (number and relative intensity of the bands).  Fig. 1 Luminescence spectra of undoped 

LuBO3 at Eex = 6.7 eV (a) and 8.4 eV (b) 
measured at T = 10 K.  
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Luminescence excitation spectra are presented in fig.3. As excitation of the intrinsic luminescence 
starts from the edge of the fundamental absorption region we can distinguish the excitation 
processes via exciton creation and interband transitions with those connected with direct excitation 
of Eu ion or via charge transfer band. For Eu3+ the charge transfer-state lies at lower energies than 
4f55d state thus the broad peak in the region 5 – 6.5 eV corresponds to the luminescence excitation 
via charge-transfer state. Parity-allowed f-d transitions are manifested at higher energies as a 
narrow peak at 7.2 eV only for solid solutions with x ≤ 0.5. The excitation of the Eu3+ luminescence 
via the states of the host (excitation energy exceeds the bandgap value) was found to be effective 
for all of the investigated samples of borates. The energy transfer to the emission centers occurs via 
two cannels – consecutive capture of the charge carriers and capture of the excitons. Separation 
distance in geminate electron-hole pair depends on the relative concentration of Lu and Y as it was 
previously supposed for LuYAP compounds [2]. The decrease of the separation distance yields in 
the enhancement of the luminescence intensity under the interband excitation.  

 

The support of grants RFBR 08-03-13511 and DFG 436 RUS 113/437 is gratefully acknowledged. 
We are grateful to Prof. G. Zimmerer for providing the opportunity to perform measurements at the 
SUPERLUMI station and to Dr. A. Kotlov for his help during measurements. 
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Figure 2: Luminescence spectra of LuxY1-xBO3   
(x = 0, 0.50, 0.75, 0.85, 1) at Eex = 5.6 eV 
Spectra were measured at 300 K.  

Figure 3: Luminescence excitation spectra of   
LuxY1-xBO3:Eu (x = 0, 0.50, 0.75, 0.85, 1) at 
Eem = 2.1 eV (590 nm). For LuBO3 and YBO3 the 
luminescence excitation spectra of the undoped 
samples are also presented at Eem = 4.7 eV (blue 
curve) and Eem = 2.75 eV (red curve). T = 10 K.
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WAXS Measurements of Carbon Fibers – 
Platelets (CNF-PL) and Herringbones (CNF-HB) 

S. Munirasu,1 A. Boschetti-de-Fierro,1 Sérgio S. Funari,2 Volker Abetz1 

1 Institute of Polymer Research, GKSS Research Centre Geesthacht GmbH, 21502 Geesthacht, 
Germany 

2 HASYLAB at DESY, Notkerstr. 85, 22603 Hamburg, Germany 
 

This report deals with the results of the WAXS measurements of carbon fibers namely 

Platelets (CNF-PL) and Herringbones (CNF-HB) supplied by FutureCarbon©. The 

aim of the investigation is to understand their structural properties, such as the layer 

distances. 

Experimental: 

The measurements have been carried out at the A2 beamline at HASYLAB, DESY 

(Hamburg, Germany) with a WAXS-detector distance of one meter and a beam 

wavelength of 0.15 nm. The reference sample for calibration has been a piece of PET. 

The carbon fiber samples have been prepared by folding in a thin aluminium foil and 

fixing it in a sample holder. 

Results and Discussion: 

Figure 1 shows the TEM images of carbon fibers namely Herringbones and Platelets 

respectively.  From the TEM, it can be inferred that the Platelets have more ordered 

layers compared to Herringbone fibers.  Hence one can expect more crystalline 

structure in the wax analysis.  Figure 2 shows the WAXS analysis of Herringbones 

and Platelets (2θ vs counts).  The d-spacing for the Herringbones fiber is 0.31 nm 

where as the Platelets have the d-spacing of 0.30 nm.  
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Figure 1. TEM images of a) Herringbone and b) Platelet carbon fiber1. 

 

 

 

 

 

 

Figure 2. WAXS measurement of a) Herringbone and b) Platelet carbon fiber 

 

Conclusion: 

The WAXS analysis showed the d-spacing of 0.31 and 0.30 nm for Herringbone and 

Platelet fiber respectively.  As expected for the TEM results, the Platelets showed 

narrower peak in WAXS compared to Herringbone fiber. 

 

Reference: 

1. The TEM images are taken from Future carbon webpage on 17-12-2009.  
http://www.futurecarbon.de/index.php?id=4&no_cache=1id=4&L=2&catP8=1
&activeP=28&catP24=1&catP88=1&catP28=1 
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Near-surface phase analysis after EDM and 
subsequent abrasive micro peening 
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Electrical Discharge Machining (EDM) is a widely used process for the manufacturing of micro 
mould inserts. It is capable of machining hard materials like hardened tool steels or cemented 
carbides. However, the process generates a recast layer (“white layer”) having tensile residual 
stresses, high surface roughness and micro cracks. This surface layer consists of retained austenite, 
martensite or unidentified carbides in case of steel. Sometimes oxide layers are formed during the 
process. The nature of these brittle surface layers has a negative influence on the wear behaviour of 
micro mould inserts [1], i.e. high wear rates and for this reason a decreased tool lifetime is the 
consequence. Hence, a direct use of machined micro mould inserts is not possible and a finish 
machining is necessary. Manual grinding or polishing is, in case of micro-pieces, not applicable. A 
peening process with small abrasive shots (“abrasive micro peening”) seems to be the best choice 
to remove surface layers without destroying structures or increasing the surface roughness.  

The aim of this study is to determine the influence of EDM and subsequent abrasive micro peening 
on the phase composition of the near surface layer (within 1 µm) by X-ray diffraction at low 
incident beam angles. Two different types of steel, namely 30CrMo6 (“Toolox 44”, tempered, 
hardness: 434 HV0.1, chemical composition: 0.31 wt% C, 1.34 wt% Cr, 0.81 wt% Mo, 0.6 wt% Si, 
0.89 wt% Mn, 0.69 wt% Ni) and X5CrNiMo12-9-1 (“Corrax”, precipitation-hardened, hardness: 
555 HV0.1, chemical composition: 0.05 wt% C, 12.1 wt% Cr, 1.27 wt% Mo, 0.34 wt% Si, 0.42 
wt% Mn, 8.67 wt% Ni, 1.81 wt% Al), are investigated. In case of steel X5CrNiMo12-9-1 
approximately 4.2 vol% of reverted austenite is present. An area with dimensions of 4 mm × 4 mm 
and a depth of 50 µm was machined by EDM. Subsequently abrasive micro peening with a shot 
made of Al2O3, SiC and glass beads with grain sizes between 10 and 20 µm was applied to all 
samples (air pressure: 2 bar, distance nozzle – workpiece: 10 mm, velocity nozzle: 2 mm/s, 
coverage: 100 %).  

The X-ray diffraction patterns were measured using synchrotron radiation at the G3 beamline of 
HASYLAB – DESY. A beam energy of 6.935 keV was selected to collect data in the range 40° ≤ 
2θ ≤ 62° at a step interval of 0.03° and an exposure time of approximately 10 s per step. The focus 
on the constricted measuring range in 2θ is owed to the fact that resolvable changes to the spectra 
induced by the previous process steps are restricted mostly on this sector. The area on the sample 
surface irradiated by the beam was masked using a primary aperture of the dimension 2 mm × 
2 mm. The angle resolution was obtained by means of a soller collimator in the secondary beam 
path right in front of the scintillation counter. θ-2θ scans were performed at a tilt angle ψ of 84° in 
symmetric mode in order to measure only the very near surface layer. Thus, the penetration depth 
of the beam at the selected wavelength within the scanned 2θ-range is below 1 µm (calculated 
according to reference [2]). Data were reduced by the background of the XRD-pattern and then 
scaled according to the maximum value.  

Figure 1a shows the XRD-pattern after EDM for the two steel types. 30CrMo6 reveals in addition 
to the α-Fe {110}-peak, which is located at 2θ ~ 52.2°, interference lines of the retained austenite 
phase (a γ-Fe {111}-peak at 2θ ~ 51.1° and a γ-Fe {200}-peak at 2θ ~ 59.8°). The retained 
austenite is a result of applied EDM-process. Former measurements showed that the bulk material 
of 30CrMo6 does not exhibit austenite. Carbon, resulting from pyrolysis of the oil dielectric, is 
transferred to the molten workpiece material, where carburization takes place. By the high amount 
of carbon, retained austenite is formed during the fast cooling process. The carbon forms additional 
carbides that are partially responsible for the increase in the surface hardness. The surface hardness, 
measured with a Fischerscope microhardness system type H100 using a test force of 1000 mN was 
510 HV0.1 after EDM for 30CrMo6 and 563 HV0.1 for X5CrNiMo12-9-1, respectively. Especially 
ε-carbides ({111}-Fe2C peak located at 2θ ~ 49.9°) can be assigned in the XRD-pattern. Traces of 
cementite (θ-Fe3C), Hägg-carbide (χ-Fe5C2) and Fe7C3 are assumed in the near surface layer but 
cannot be resolved in the complex XRD-pattern in the range 47° ≤ 2θ ≤ 52°. Similar observations 
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concerning surface morphology after EDM are found by Cabanillas et al. [3] and Bleys et al. [4] 
after EDM processing. Since the bulk material of X5CrNiMo12-9-1 exhibits an amount of 4.2 wt% 
reverted austenite, both characteristic peaks ({111}-peak at 2θ ~ 51.1° and {200}-peak at 2θ ~ 
59.8°) are clearly visible. An alloying process by EDM seems to take place also for this material. A 
strong peak at approximately 2θ ~ 49.9° points to the formation of carbide (ε-carbide ({111}-Fe2C) 
and therefore to an increase of carbon in the near surface layer.    

30CrMo6 shows also iron(III)-oxide (hematite) at the surface indicated by the {211}-peak of Fe2O3 
at 2θ ~ 44.5°. Due to the high amount of Cr and Ni, iron oxide does not form at the surface of 
X5CrNiMo12-9-1 (see Figure 1a). 

  

Figure 1: XRD-pattern after EDM (a) and after subsequent abrasive micro peening (b) for the two steel 
types. 

For the steel 30CrMo6 abrasive micro peening removes the white layer containing retained 
austenite and the different types of iron carbides, but the hematite phase seems to remain in the near 
surface region (see figure 1b). Obviously, silicon carbide from the blasting shot is stored into the 
near surface layer. The XRD-patterns of both steel types exhibit the characteristic lines of α-SiC 
(type 2H, hexagonal crystal structure) at 2θ ~ 41.5° and 2θ ~ 44.5°. The {101}-peak of α-SiC at 2θ 
~ 44.6 seems to overlap with the {211}-peak of Fe2O3 at 2θ ~ 44.5° in case of steel 30CrMo6. 
X5CrNiMo12-9-1 still exhibits a small amount of reverted austenite, which is also part of the bulk 
material. 

This study demonstrates that EDM creates surface layers containing retained austenite and different 
types of iron-carbides caused by an alloying process. For some applications like micro powder 
injection moulding the processed surface qualities are insufficient. This study also shows that 
abrasive micro peening is capable of removing the white layer but unfortunately, a simultaneous 
contamination of the surface by the abrasive shot takes place. To avoid oxidation processes at the 
surface, which only occurred for the steel 30CrMo6, stainless steel (for example X5CrNiMo12-9-1) 
has to be used.     

The authors acknowledge financial support from Deutsche Forschungsgemeinschaft (DFG) within 
the framework of the Collaborative Research Centre 499 (SFB 499) project. We are grateful to Dr. 
Jörn Donges and Dr. André Rothkirch of HASYLAB/DESY for enlightening discussions and 
excellent support at the G3 beamline. Thanks also to Christoph Ruhs at the Institute for Production 
Science (wbk) at Karlsruhe Institute of Technology for machining samples via EDM. 
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GaMnAs is considered as a promising material for novel spintronic applications. The uniform 
ternary alloys as well as related material containing inclusions of ferromagnetic MnAs have been 
intensively investigated. It was found, in particular, that nanosized MnAs ferromagnets buried in 
GaAs can be obtained not only by the MBE method but also by Mn ion implantation into GaAs 
wafers. On the other hand, other types of inclusions, like MnSb, also show promising magnetic 
properties at room temperature and it is possible to obtain such inclusions during the MBE growth. 
However, the implantation method is also well established, but cheaper and easier to carry out 
within the industrial production process. Therefore, it would be important to find an optimal way of 
producing the MnSb inclusions with the desirable properties by Mn ions implantation as it has been 
done in the MnAs case. 

In this report we focus on the GaSb (100) crystals implanted with Mn ions. The implantation energy 
was equal to 10 keV and the doses of Mn ions were 1x1016 Mn/cm2, 2x1016 Mn/cm2 and 3x1016 
Mn/cm2. After the implantation all samples were annealed in a vacuum furnace at 650ºC for 10 
min. 

Extended X-ray Absorption Fine Structure (EXAFS) measurements at the K edge of Mn were 
performed at A1 and E4 stations at liquid nitrogen temperature in a fluorescence mode using a 7-
element silicon detector. EXAFS analysis was conducted using IFEFFIT data analysis package with 
Athena and Artemis programs [1]. 
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Figure 1: Fourier transform of the EXAFS 
spectrum and theoretical models based on GaSb 
crystal with Mn substituting Sb. Spectra are 
shifted vertically for clarity. 

Figure 2: Fitting results of the EXAFS spectra up 
to the second coordination shell. Residual Sb 
atoms were added during fitting. Spectra are 
shifted vertically for clarity. 
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Preliminary EXAFS analysis revealed that the first coordination shell consists of gallium atoms. It 
excludes the possibility that Mn substitutes Ga atoms in the GaSb matrix as well as that MnSb 
compound is formed. 

In Figure 1 the magnitude of Fourier transformed EXAFS oscillations of the sample with the lowest 
Mn content and three theoretical models based on GaSb structure are presented. In the first one, 
"Mn in GaSb matrix", Mn central atom is located in the Sb position. The comparison demonstrates 
that this model differs considerably from the experiment which suggests that there is a deficit of Sb 
atoms in the Mn neighborhood. In the next model, "without Sb sublattice", according to the name 
all the Sb atoms were removed. In this case, the result seems to resemble the experimental spectrum 
better but the distances to the subsequent shells are too large. On the other hand, with a lack of 
antimony atoms, it can be expected that remaining Ga atoms rearrange their positions and move 
closer to the central atom. Therefore, in the last model, "contracted Ga sublattice", the distances to 
the consecutive coordination shells were multiplied by a contraction factor ~0.92. 

In Figure 2 the results of fitting for the samples with all doses are shown. In each case, two 
coordination shells were considered. Both of them consist of gallium atoms, however, some 
residual antimony atoms are also found between the shells. The distances to the first and second 
gallium coordination shell in the ideal GaSb crystal are equal to 2.65Å and 5.07Å. From fitting with 
the "contracted Ga sublattice" model, they were found to be around 2.42 Å and 4.64 Å, 
respectively. 

EXAFS analysis showed that even low energy implantation and quick annealing leads to the 
significant deficit of Sb atoms around implanted Mn atoms. Moreover, Mn atoms are located in the 
antimony positions in the GaSb matrix where Sb sublattice is almost completely destroyed and the 
remaining Ga sublattice contracts significantly. However, it concerns only Mn surrounding. X-ray 
diffraction did not indicate significant changes in lattice parameters in the studied samples. 

This work was partially supported by national grant of Ministry of Science and High Education 
N202-052-32/1189. The research leading to these results has received funding from the European 
Community's Seventh Framework Programme (FP7/2007-2013) under grant agreement n° 226716. 
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  An anomalous glass transition was detected in differential scanning calorimetry (DSC) curves for Fe–M–

Y–B (M = Mo, W, Nb) bulk metallic glasses, which has been investigated by DSC, X-ray diffraction and 

extended X-ray absorption fine structure. It is confirmed that the second inflection event in the supercooled 

liquid region is not a real glass transition, but rather a local atomic structure reordering, which is mainly 

caused by the strong affinity between B and other constituent elements as well as the repulsive interaction 

between M and Y. 
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ZnO2 nanoparticles have been synthesized by an organometallic precursor method. The structure, 

structural stability, and magnetic and optical properties of ZnO2 nanoparticles have been investigated by 

experiments and first-principles calculations. It is found that ZnO2 nanoparticles decompose into ZnO at 

about 230 °C and is stable up to 36 GPa at ambient temperature. The cubic ZnO2 phase has a bulk modulus 

of B0=174 GPa at zero pressure. Nanocrystalline ZnO2 material is an indirect semiconductor with an energy 

gap of about 4.5 eV and paramagnetic down to 5 K. 
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Introduction: Components of the tissue specific extracellular matrix linked or adsorbed to 
biomaterial surfaces show a high potential to control cell response and bone healing around 
implants and increase overall implant stability [1]. For osteoporotic bone, additional influencing 
factors are an imbalance in bone metabolism and in treated cases the (hormone) therapy applied to 
counteract it. 

In this study the bone formation around titanium screws covered with coatings from collagen type I 
containing (a) chondroitin sulphate (CS) or (b) a hyaluronic acid derivative modified with sulfate 
groups (sHya6.1) was investigated in an ovariectomised (OVX) rat model with synchrotron 
microcomputed tomography (SRµCT). Using 3D-visualisations of newly formed bone in two gap 
regions (inside the screws and in the thread region), differences in the mineralisation degree as well 
as analysis procedures to compare the spatial bone formation for this animal model will be 
presented. 

Materials and Methods: Titanium screws with a diameter of 1.6 mm and an eroded cylindrical 
cavity of 1 mm perpendicular to the screws length axis were coated either with collagen/chondroitin 
sulphate (CS) or collagen/sulfated hyaluronic acid derivative sHya6.1. Uncoated titanium (cp-Ti) 
screws were used as reference implants. To investigate bone formation around the implants, mature 
ovariectomised (OVX) and sham wistar rats were used as the animal model. Four weeks after 
ovariectomy/sham the screws were placed in drilled cylindrical defects with a diameter of 2 mm 
near the tibia condyle. During the healing time of 4 weeks the rats were separated in groups with 
phytoestrogen-reduced food for the sham/OVX rats and phytoestrogen-rich food for OVX rats. 
After the animal experiment the tibiae with the titanium screws were extracted and fixed in 
formalin. At the synchrotron beamline W2-GKKS (HASYLAB) the samples were evaluated with 
SRµCT using a photon energy of 55 keV. For the image evaluation 3D image software was used. 

Results and Discussion: The reconstruction of the SRµCT radiographs shows an excellent spatial 
visualisation of mineralised bone in the screw threads as well as inside the cylindrical cavity 
(Fig. 1A). Between sham and OVX groups different amounts of newly formed bone inside the 
screw gaps were visible. Differences in the mineralisation degree of bone around the implants could 
be observed by separating the grey values for bone into higher and lower absorbing regions. Areas 
of the implant surface with bone contact could be visualised by taking advantage of the partial 
volume effect (PVE) which increases the grey values for bone when mixed with values of the 
highly absorbing implant (Fig. 1B). 
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Conclusions / Summary: SRµCT was applied to an osteoporotic rat model to obtain full three-
dimensional information of bone formation and mineral density in the vicinity of biofunctionalized 
implant surfaces. Results could be quantified for the cases (i) healthy, (ii) osteoporotic, and (iii) 
osteoporotic plus phytoestrogen treatment  with a high lateral resolution. The data will be used for a 
morphological analysis of the newly formed bone volume in the defect regions and to evaluate the 
contact of mineralised bone to implant surface. 

 

   

Figure 1: 3D image of titanium screw osseointegration using SRµCT (A). Separation of spatial information 
for mineralised bone contact at the implant surface (B).. 
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ZnO with its wide band gap of 3.37 eV at room temperature and large exciton binding energy of 60 
meV is recognized as a promising material for potential applications in electronic, optoelectronic, 
electrochemical and electromechanical nanodevices. In addition, when doped with 3d transition 
metals, it is predicted to show a room temperature ferromagnetism [1], a desired property for spin-
based optoelectronics. For the above reasons physical properties of the material are extensively 
studied by a number of methods.  

In this work, we report on structural characterization of a specific form of the ZnO and ZnO doped 
with nominally at. 10% of Fe, the materials produced by electrospinning technique followed by 
high-temperature (at about 800 K) calcination in the air. The details of preparation can be found 
elsewhere [2,3]. In result, a cotton-like fibrous material is produced with fibers 50-300 nm thick, 
composed of ZnO nanoparticles. Exemplary scanning electron microscopic (SEM) pattern of the 
fiber is shown in Fig. 1. The ZnO cotton shows various structural levels connected with 
characteristic lengths scales, from spatial arrangement of fibers, through nanocluster sizes and 
distribution with respect to fiber profiles, up to their phase composition and crystal structure. 
Because of this, it was proposed as a material to study the holographic imaging at FLASH [4], which 
makes the additional motivation to the present work. SEM studies of the fibers reveal the surface 
formed of nanoparticles of sizes in the range of 4-6 nm, only a little dependent on details of 
annealing.  

Fig. 1. SEM pattern of an annealed 
electrospun fiber c.a.  250 nm thick. 
(courtesy dr. A. Reszka, IP PAS) 

 
The X-ray structural characterization was performed using synchrotron radiation at the W1.1 
beamline at DESY-Hasylab. The monochromatic X-ray beam of wavelength λ = 1.54056 Å was 
applied. Most of measurements were recorded with 2θ scan in the glancing incidence geometry. 
Some symmetrical ω -2θ scans were also recorded for callibration purposes, exploiting the fact that 
the fibrous cotton was deposited on monocrystalline Si (111) substrates.  
Typical diffraction patterns obtained at grazing angle of 2º with respect to the substrate surface are 
shown in Fig. 2. The pattern of three strong peaks followed by other five peaks of lower intensity, 
visible in the presented figure, is characteristic to ZnO wurtzite hexagonal phase [2], the only phase 
identifiable in all measured spectra. Other small peaks appearing irregularly in the measured 
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patterns, as well as sporadic bumps observed mostly at higher angles indicate a small admixture of 
other phases in the fibers, make attribution to a specific phase ambiguous.  
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Fig. 2. Typical X-ray diffraction patterns of ZnO:Fe cotton-like fibrous sample of various fiber densities: the 

higher (upper curve) and the lower (lower curve). 
 
Surprisingly, in the samples doped with Fe, no clear evidence of the ZnFe2O4 cubic phase can be 
confirmed, as could be expected according to results obtained with ZnO monocrystals implanted 
with iron [5]. The question where iron is located in the fibers needs further investigation.  
The other question results from observed linewidth of most intense peaks (1-3 in Fig. 2), which are 
as small as 0.4º -0.5º FWHM. This can indicate that coherently diffracting volumes can be larger 
than average ZnO nanoparticle sizes evaluated from SEM.  
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Intense search for new and improvement of existing luminescent materials continuously stimulates 
studies of oxide compounds, which have different molecular oxyanions on anionic positions of 
crystal lattice. Phosphate and molybdate matrixes with rare-earth (RE) luminescent ions that have 
emission in visible region under UV or VUV excitation are perspective materials for development 
of new flat vacuum fluorescent displays (VFD), field emission displays (FED) and  mercury-free 
fluorescent lamps [1, 2]. Luminescent characteristics of phosphate and molybdate matrixes can be 
effectively controlled by substitution of tetrahedral anions (for instance, PO4 ↔ MoO4) that results 
in gradual change of local surrounding of the luminescence centers.  

This report reflects the beginning of series of our studies of RE-doped phosphate and molybdate 
oxide compounds. Polycrystalline compounds K3Bi5(PO4)6, K5Bi(MoO4)4, K2Bi(PO4)(MoO4), as 
undoped and Eu3+ - doped have been chosen this stage of research. Polycrystalline samples were 
prepared using flux technique from K2O-MoO3-P2O5-Bi2O3 melted system during slow cooling and 
spontaneous crystallization. Peculiarities of the excitation energy relaxation, energy transfer 
between host matrix and the luminescent ions, role of Bi ions, phosphate and molybdate oxyanions 
in formation of the spectroscopic properties are the main goals of our studies of the VUV-excited 
intrinsic and extrinsic luminescence of Bi-containing oxide compounds. Emission and excitation 
spectra in 4 – 16 eV energy region were obtained on SUPERLUMI station at HASYLAB (DESY), 
Hamburg, Germany (Project II-20080221). 

As Fig. 1 shows, undoped compounds manifest relatively weak, however distinguishable emission 
bands under excitation by synchrotron radiation. At cryogenic temperature K3Bi5(PO4)6 samples 
reveal complex emission band in 450-650 nm region. No emission signal was detected for undoped 
K5Bi(MoO4)4 at 10 K, however at 300 K these samples are characterized by weak emission band in 
blue-green spectral region.  
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Figure 1: Emission spectra of K3Bi5(PO4)6 (1), K5Bi(MoO4)4 (2),  K2Bi(PO4)(MoO4) (3) and  
K2Bi(PO4)(MoO4):Eu3+ (4); λexc = 173 (1), 240 (2), 315 (3) and 300 nm (4); T = 10 (2-4) and 300 K (1). 
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Undoped K2Bi(PO4)(MoO4) reveal much more intensive broad emission band with maximum near 
620 nm. Doping of K2Bi(PO4)(MoO4) with Eu ions results in appearance of three peaks inherent to 
Eu3+ emission in oxide host. The peaks can be attributed to 5D0 → 7F1, 5D0 → 7F2 and 5D0 → 7F4 
radiative transitions of Eu3+ respectively. Obtained results clearly demonstrate that spectral 
characteristics of intrinsic emission strongly depend on the type of the crystal host. This feature is 
very favourable from the standpoint of our goals outlined above.  

Excitation spectra of investigated compounds also depend on the type of the crystal host as well as 
on temperature (Fig. 2). Undoped K3Bi5(PO4)6 is characterized by apparent peak in excitation 
spectrum with maximum near 230 nm at 10 K. This peak is absent at 300 K (Fig. 2, curve 5). 
Undoped K2Bi(PO4)(MoO4) reveal distinctive peak with maximum near 315 nm in excitation 
spectrum measured at 10 K. The peak also disappears at 300 K (Fig. 2, curve 6). Excitation 
spectrum of K2Bi(PO4)(MoO4):Eu3+ weakly depend on temperature (compare curves 2 and 6) and 
is, in general similar to the case of undoped K2Bi(PO4)(MoO4) at 300 K. Excitation spectrum of 
K5Bi(MoO4)4 reveal stair-like peculiarity near 175 nm which becomes more clear at 300 K. It is 
evident from Fig. 2 that excitation spectra stronger depend on the type of the crystal host when 
measured at liquid helium temperature beside the case of 300 K. All peaks below 120 nm in 
excitation spectra presented have no physical meaning and should be attributed to inaccuracy in 
spectral calibration function that arises when emission signals are low.  
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Figure 2: Excitation spectra of K3Bi5(PO4)6 (1, 5), K2Bi(PO4)(MoO4) (2, 6), K2Bi(PO4)(MoO4):Eu3+ (3, 7) 
and  K5Bi(MoO4)4 (4, 8);  λreg = 420 (5, 6, 8), 450 (4), 500 (1), 560 (2) and 615 nm (3, 7); T = 10 (1-4) and 

300 K (5-8). 

Obtained results on the VUV luminescence spectroscopy of Bi-contaioning Eu-doped oxide 
compounds, despite low emission signals, demonstrate clearly distinguishable dependence on the 
type of the crystal host and temperature. This fact holds out successful solutions of the set of the 
physical issues in further studies, namely the nature of intrinsic emission bands, role of the host 
constituents in formation of the luminescence properties, mechanisms of the excitation energy 
transfer to luminescent ions.   
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Contrary to the 1st generation high temperature superconducting (HTS) tapes and wires, which are
manufactured by the powder-in-tube technique and which therefore consist of a metal cladding
surrounding a superconducting ceramic core, 2nd generation tapes (also called coated conductors)
are in the form of a bi-axially textured thin film deposited on a stack of metal substrate and buffer
layers [1]. The most promising technology for the deposition of the superconducting layer in view
of large-scale production is a chemical solution deposition method. Among various routes that may
be applied for this purpose, the trifluoroacetate (TFA) route has significant advantages in particular
because it prevents the formation of BaCO3 as an intermediate decomposition product [2,3]. This is
particularly interesting, because carbon resulting form the further reaction of BaCO3 with the other
constituents of the film precursor tends to segregate at grain boundaries, suppress the critical current
flowing between adjacent HTS particles and impose a severe limitation to the final performance of
the tape.

As a preliminary study in view of future in-situ phase and microstructure evolution studies, we
performed observations on a YBa2Cu3O7 HTS thin film produced by the TFA method on a LaAlO3

single crystal substrate. The experiment was performed at beamline BW5 with a 77keV incident
beam. The sample was placed vertically. Owing to the high in-plane and out-of-plane preferential
orientation of the the HTS layer, the sample was rotated in the beam during data collection.

Figure 1: Summed diffraction pattern of a bi-axially textured YBa2Cu3O7 thin film manufactured by the
TFA route on a LaAlO3 single crystal substrate.
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As shown in Fig.1, diffraction spots due to both the LaAlO3 substrate and the YBa2Cu3O7 film are
clearly visible although the thickness of the HTS film was of 220nm compared to 1mm for the
substrate. This result shows that it will be possible to follow the formation of the superconducting
layer in the deposited gel. Actual coated conductor architectures with an 0.1mm thick Ni-W alloy
substrate and 50 to 200nm thick buffer layers will be even more favourable for such studies.
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Plasma charging damage, and in particular damage caused by wafer arcing is one of the important 
plasma process induced damage phenomena and can result in pits and non-uniformities on the 
wafer surface [1-5]. In this study two different types of arcing damage were simulated on a silicon 
wafer in a plasma chamber under varying process conditions. Both samples were generated in the 
same plasma chamber, which consisted of a parallel plate design with the wafer on the grounded 
electrode, and was filled with Ar gas at approximately 3 mbar (2.25 torr). In the first damage 
regime a high current of  ~200 mA, resulted in a single damage site (Figure 1). The second damage 
regime was caused by a low current of about 60 mA, and resulted in multiple arc damage sites 
(Figure 2). 
 

  

Figure 1: SEM image of Damage Regime 1 
showing approx. 1000 µm x 800 µm area of 
arcing damage on Si substrate.  

Figure 2: SEM image of Damage Regime 2 
showing 100 µm – 250 µm islands of arcing 
damage on Si substrate. 

 
3-dimensional X-Ray Diffraction Imaging (3D-XRDI)  is a high-resolution synchrotron based (1 
µm X-Y spatial) imaging technique based on x-ray diffraction. 3D-XRDI provides an improvement 
over conventional Synchrotron X-Ray Topography (SXRT) in that it makes it easier to distinguish 
damage sites, identify stress/strain regions both above and below the surface, and gives a 3D 
analysis of defects in semiconductor wafers. 
 
3D-XRDI uses images obtained in Transmission Section Topography (ST) geometry [6]. 
Topographs were generated at the HASYLAB-DESY F1 topography beamline on high-resolution 
Slavich VRP-M films with typical sample-to-film distances of 60 mm. The sample was mounted on 
a high precision X-Y stage which enabled the user to step across the sample in ~15 µm steps and 
thus obtain a series of ‘slices’ across the damage site. The raw data consisted of a series of, 
typically, 25 ST images. Each stach of section topographs was then rendered into a 3D image using 
topographic algorithms from the ImageJ software suite (Figures 3 & 6). Regions of interest were 
highlighted using k-means clustering.  
 

-207-



Figure 3: 3D-XRDI of Damage Regime 1. 

3D-XRDI for damage regime 1 shows a black cluster on the surface directly at the damage site, 
indicated by the white arrow in Figure 4. This region appears to experience the largest imposed 
strains, and  measures approximately 850 
of the wafer. The imaged strain fields propagating from the surface spread out to
of ~1800 µm half way through the substrate, 
small indication of the extent of the da

Figure 5: 3D-XRDI of Damage Regime 2. 

 
The 3D-XRDI in Figure 6 is rendered form a stack
2, the raised grey regions at the surface of the sample can be attributed to amorphous silicon regions 
which are evident in the corresponding Large Area Back Reflection (
damage regime 1, K-means clustering has been effectively used to 
levels present within the sample (Figure 
600 µm x 350 µm, and penetrates almost completely through the 450 
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XRDI of Damage Regime 1.  Figure 4: 3D-XRDI of Damage Regime 

1 with K-means clustering applied.
XRDI for damage regime 1 shows a black cluster on the surface directly at the damage site, 
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XRDI of Damage Regime 2.  Figure 6: 3D-XRDI of Damage Regime 2 
with K-means clustering applied.
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strain fields propagating from the surface spread out to reach a maximum 
illustrating that the surface condition gives only a 

 

XRDI of Damage Regime 2 
means clustering applied. 

In the case of damage regime 
he raised grey regions at the surface of the sample can be attributed to amorphous silicon regions 

LABR) topograph. As with 
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). The largest strain field present measures approximately 
m substrate.  
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 D. A. Pawlak1, T. Łukasiewicz1, W. Graeff3 
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1Institute of Electronic Materials Technology, Wolczynska 133, 01-919 Warsaw, Poland                                              

2Institute of Experimental Physics University of Warsaw, Hoza 69, 00-681 Warsaw, Poland                                
3HASYLAB at DESY, Notkestr. 85, D-22603 Hamburg, Germany 

Praseodymium lanthanum aluminium perovskite is a very interesting material in view of the 
complicated phase transitions, some of them ascribed to ion lattice coupling. It is perspective new 
material in visible light laser technology. The other possible interesting application is connected with 
the preparation of crystals with self-organized domain structure for in light guiding. 

We applied the X-ray diffraction topographic techniques to a number of samples cut out from 
Czochralski-grown PrxLa1-xAlO3 crystals with different values of x, as well as from the LaAlO3 
crystal, doped with 5 at. % of praseodymium. 

The synchrotron white beam topographs usually reproduced the domain structure as a series of 
mutually displaced stripes corresponding to different orientation of the crystal inside the domains, 
which probably are of twin type. Different appearance of the domain structure has been observed in 
the samples differing in the chemical composition. 

Fig. 1a. presents the back-reflection topograph of the Pr0.4La0.6O3 sample. The topograph in Fig. 1b 
shows the whole diffraction pattern with great number of Laue spots. Each spot consists of two 
displaced parts, which correspond to the slightly misoriented grains. The images of the right grain 
are differently located in each spot.  

 
Figure 1: (a) back-reflection projection topograph of the Pr0.4La0.6AlO3 sample reproduced in two systems (D1 
and D2) of narrow domains, (b) The synchrotron diffraction pattern of the same sample with a greater number 

of Laue spots - The right fragment of the topogram in Fig. 1a corresponds to a slightly misoriented grain, 
differently located with respect of the other part of the Laue spots. B1, B2 – misoriented grains, D1, D2 – 

domain systems, S – striations, X –projection of synchrotron radiation beam direction on the film. 
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Figure 2: White beam back-reflection projection topograph of the sample cut out from LaAlO3 crystal doped 
with 5 at. % Pr. B1, B2 – diffraction contrasts of misoriented block; S – striations fringes; C – crystal core; D 

– domain systems; G – dislocations, X –projection of synchrotron radiation beam direction on the film. 
 

The topograph of LaAlO3 crystal doped with 5 at. % Pr reveals large region of considerably good 
perfection (Fig. 2). Particular striation fringes and a core in the central part of the crystal one can 
see. Some short linear contrasts may be attributed to the individual dislocations of relatively small 
density. The longer linear contrasts should however be interpreted as the domains. Apart from these 
defects we have observed some large misoriented blocks with the straight boundaries. 

 
Fig. 3 reports the representative synchrotron transmission section topographs of the same sample as 
in Fig. 2. We may observe five dash formed contrasts in Figs. 3a and 3c appearing on the upper and 
lower side of the main section image respectively (marked by A). These dashed contrasts are not 
visible in Fig. 3b, which most probably corresponds to the reflection coming from the 
crystallographic plane common for the domains and the matrix crystal.  

 
 

 

 
Figure 3: A set of three transmission section topographs for the same crystal as in the case of Fig. 2 revealing 
the misorientation of the domain regions (a series of displaced stripes corresponding to different orientation of 

the crystal inside the domains marked by A). 
 

 

 

 

-210-



XRR and XRD studies on thin Fe-films on MgO(001)
Martin Suendorf, Timo Kuschel, Sebastian Gevers, Daniel Bruns, Alexander Knobeler, Henrik

Wilkens, Florian Bertram1 and Joachim Wollschläger

Fachbereich Physik, Universität Osnabrück, Barbarastr. 7, 49069 Osnabrück, Germany
1HASYLAB at DESY, Notkestrasse 85, 22607 Hamburg, Germany

Ferromagnetic films are of great importance for spintronic applications because of their spin-
separated band structure, but the behaviour of the magnetic properties is not fully understood for
thicknesses in the nm-range. Therefore ultra thin Fe films have been prepared using Molecular
Beam Epitaxy (MBE) under UHV conditions. Magnesium oxide was used as a substrate because
the material is easy to handle and the lattice mismatch is small if the bcc Fe film is rotated by
45◦ with respect to the bulk unit cell of MgO. That means Fe(100) ‖ MgO(110)[1] and Fe(001) ‖
MgO(001).
The Fe films are characterized in situ by Scanning Tunneling Microscopy (STM) and X-ray Pho-
toelectron Spectroscopy (XPS). STM images show island growth as known in literature[2], and the
XPS spectra show only a small oxygen contamination. Investigations using Spin-Polarized X-ray
Photoelectron Spectroscopy (SPXPS) have as yet not shown any ferromagnetic behaviour of the
samples. Therefore Fe/MgO(001) samples have been capped by amorphous Si films prior to trans-
fer to HASYLAB for investigation of the crystalline quality of the films by X-Ray Reflectometry
(XRR) and X-Ray Diffraction (XRD) at beamlines W1 (10.5 keV) and BW2 (10 keV).
XRR results are presented in Figure 1. The experimental data can be fitted to simulated values by
using the Parratt algorithm[3]. This procedure gives values for thickness and roughness of the films.
For the samples investigated here the thicknesses lie between 170 Å and 360 Å, which corresponds
well to the values expected for the used deposition rates. The simulated roughnesses lie between
20 Å and 90 Å, which is also comparable to the STM images.
From the XRD data the vertical lattice constants can be obtained by simulating the (00L)-scans
with Lorentzian functions for the Bragg peaks of both the MgO substrate and the epitaxial Fe film.
Here we use surface-coordinated reciprocal lattice units, thus the (00L)-scan corresponds to the
Θ − 2Θ diffraction geometry. In Figure 2 the data and simulation for a 220 Å Fe film is shown.
The L-values are normalized to the literature value of cMgO = 4.2117 Å for MgO. In contrast to
previously prepared ultra thin films, the lattice constants of the current samples are not reduced but
very close to the bulk value of cFe = 2.8665 Å. This indicates that the Fe films are completely
relaxed and have a bcc structure.
The lateral size of the crystallites in the film can be obtained by evaluating the full width at half
maximum of rocking scans across the Bragg peaks on the (00)-rod. The determined values vary
from 250 Å for 200 Å thin films to 320 Å for 350 Å thin films, which indicates a correlation
between film thickness and lateral crystallite size. This will be further investigated in the future. In
addition, in-plane scans in grazing incidence geometry (GIXRD) will be made to get insight into
the lateral lattice constants of the films.

References
[1] J.F. Lawler, R. Schad, S. Jordan and H. Van Kempen, J. Magn. Magn. Mater. 165, 224

(1997).
[2] S. M. Jordan, J. F. Lawler, R. Schad and H. Van Kempen, J. Appl. Phys. 84, 3 (1998).
[3] L. G. Parratt, Phys. Rev. 95, 359 (1954).
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Figure 1: XRR measurement data and simulation of a Si capped Fe film grown on MgO. The Fe film
thickness is approximated to 360 Å.

Figure 2: XRD data of a 220 Å Fe film: L-scan of the (00) rod and simulation of the Bragg peaks with
Lorentzians. The positions of the MgO peaks fit to the literature value.
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Influence of surface modification of SiC nanopowder 
on infiltration processes in SiC-Al system

A. Swiderska-Sroda,  S. Stelmakh, Ch. Lathe1

Institute of High Pressure Physics,Sokolowska 29/37, 01-142 Warsaw,  Poland
1GeoForschung Zentrum Potsdam, Telegrafenberg A17, Potsdam D-14473, Germany

In-situ  observations  of  high-pressure,  high-temperature  infiltration  processes  in  SiC-Al  system  were 
performed using MAX80 cubic anvil press at the station F2.1. SiC-Al nanocomposites were synthesized 
using SiC powder composed of monocrystalline-nanoparticles. The scheme of material’s setup used 
in the experiments is presented in Fig.1. The experiments were carried out  with use of raw SiC 
nanopowder with about 2 % excess of carbon and with nanopowder after surface modification in air. 
The characteristics of SiC nanopowders under examination are given in Tab. 1. 

Figure 1: Starting sample setup used for the infiltration experiments

Table. 1. Characteristics of SiC nanopowder

Sample Crystal size 
[nm]

Specific Surface Area 
[m2/g]

Parameters of modification treatment

A: raw powder 18 107 -
B: annealed in air 18 107 Air / 600oC / 1h

The experiments were carried out as follow: (i) sample was pressed at room temperature (RT) up to 
4 GPa and then (ii) heated up to 1200oC, (ii) cooled down to RT and (iii) unloaded. During synthesis 
processes X-Ray diffraction patterns were collected in different temperatures. The time duration of 
the  diffraction  data  collection  for  each  temperature  was  1 min.  We  examined  the  effect  of 
temperature on microstrains by tracing changes of FWHM of (111) Bragg reflection. The diffraction 
patterns of the samples after processes are presented in Fig.2. The values of FWHM, relative to 
initial state FWHMo (p=0, RT) as a function of temperature are presented in Fig.3. 

Fig. 2. Diffraction patterns of the samples after infiltration processes for: SiC matrice with surface in initial 
state (A), and after surface modification process (B)
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Fig. 3. The effect of temperature on FWHM of SiC (111) peaks (relative to initial state: p=0, RT) for: raw SiC 
nanopowder (A), SiC nanopowder heated in air (B)

Results
a. At the first stage of the processes, a rigid ceramic matrix of SiC is formed under pressure at 

room temperature.  Strong  microstrains are  generated  between SiC nanoparticles,  what  is 
demonstrated by a significant peak broadening and FWHM increase (Fig. 3A and B, point 1). 

b. Heating under pressure causes slight, monotonous decrease of FWHM in raw material (Fig. 3 
A, points 1-11), what indicates that the strains in SiC matrice relax continually. 

c. Significant narrowing of (111) reflection is observed in temperature range 900-1200oC for the 
nanopowder  annealed in air  (Fig.  3B,  points  8-11).  We consider that  in this case strain-
relaxation results from reduction of stress gradients in the inter-particle’s regions due to filling 
pores in the SiC matrix (penetrated by liquid metal).

d. Diffraction  patterns  of  the  bulk  samples  after  processes  indicated  that  we  obtained  SiC 
ceramic and small amount of Al-C phase at the interface between aluminium and SiC powder 
in case of raw nanopowder (Fig. 2A), and SiC-Al nanopcomposite in the surface modified 
matrice (Fig. 2B).

Conclusions 

The surface treatment  of SiC nanopowder  influenced the infiltration process.  Infiltration of raw 
nanopowder  was  not  successful.  However  in  case  of  modified  matrice  we  obtained  SiC-Al 
composites with the grains of both phases in the nano-scale. Obviously the chemical composition of 
nanoparticles surface changes due to the oxidation, and instead of SiC and/or carbon phase, there is 
SiO2 shall covering SiC particle. We deduce that  SiO2 promotes penetration of liquid metal into 
nanoporosity, between ceramic particles.

This work was supported by DESY-HASYLAB, Project II-20060233 EC, Contract RII3-CT-2004-506008 
(IA-SFS), Ministry of Science and Higher Education of Poland, Grant 3/T08A/066/28. 
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Oxides of rare earth metals (RE) are of high interest because of their special electronic structures.
These oxides show a wealth of different crystal structures due to the concomitant formation of
ordered oxygen vacancies due to their high mobility [1]. Among these RE oxides, praseodymia is
outstanding since it exhibits a rich phase diagram with a large number of phases between Pr2O3 and
PrO2. The remarkable crystallographic as well as electronic flexibility render praseodymia highly
interesting for microelectronic as well as surface chemical applications.
Ultrathin praseodymia film can be deposited on Si(111) substrates with Pr2O3 stoichiometry by
Molecular Beam Epitaxy (MBE) since sesquioxides are stable under conditions of Ultrahigh Vac-
uum (UHV). The praseodymia films assume fluorite structure (cubic symmetry) with (almost) PrO2

stoichiometry after annealing in molecular oxygen at high pressure [2, 3]. These films, however,
exhibit oxygen vacancies as proved by the increased vertical lattice constant of these films com-
pared to bulk values. Here we demonstrate that praseodymia films with (true) PrO2 stoichiometry
can be obtained by post deposition treatment in cold radio frequency (RF) oxygen plasma.
Pr2O3 films of 15nm thickness were deposited on Si(111) by MBE and annealed in molecular oxy-
gen at 450◦C to form oxygen deficient PrO2−Δ films with fluorite structure. Thereafter, the samples
were introduced into an UHV compatible plasma chamber to expose them to cold RF plasma. The
stoichiometry of the samples were examined in situ by X-ray Photoelectron Spectroscopy (XPS).
The samples were transfered to HASYLAB (DESY, Hamburg, Germany) to perform both ex situ X-
Ray Reflectivity studies and ex situ X-Ray Diffraction studies (including Grazing Incidence XRD
(GIXRD)) at beamlines BW2 and W1 of HASYLAB (DESY, Hamburg, Germany).
Fig.1(a) presents XRR studies on a praseodymia film annealed in molecular oxygen (dotted line).
The data are analysed within the Parratt algorithm (solid line) yielding an oxide thickness of 14nm,
an additional interface layer of 1nm due to silicate formation as well as some contaminations on
the films surface (probably due to the formation of hydroxide species). After plasma treatment
(Fig.1(b)) the oxide film is stable but the contaminations on the film surface are removed while
exposure to ambient conditions for 14 days reduces the oxide film thickness drastically to 8nm and
forms a thick hydroxide film on top of the oxide film (Fig.1(c)).
XRD experiments are performed in the region of the Si(222) Bragg peak which is kinematically
forbidden. Residual Si intensity, however, can be observed due to the non-spherical electron dis-
tribution of Si as seen in Fig.2 where Crystal Truncation Rods (CTRs) are presented. Therefore,
the sharp but weak Si(222) Bragg peak serves as ”marker” to determine vertical lattice constants
of the praseodymia films. Fig.2 also shows broad praseodymia Bragg peaks due to the limited film
thickness as well as fringes due to the homogeneity of the films. The CTR intensities are analyzed
based on the kinematic diffraction theory (dashed lines). Clearly the original film without plasma
treatment (a) shows two Bragg peaks which can be assigned to Pr6O11 and PrO2−Δ species which
are laterally separated. The further plasma oxidation (b) leads to the formation of well oxidized
PrO2 phases due to the atomic oxygen content of the plasma while some Pr6O11 species remain at
the interface. Under ambient conditions (c) the praseodymia film partly re-transforms to Pr6O11.
However, significant amounts of PrO2 remain even after exposure to ambient conditions.
In summary, if praseodymia films are exposed to cold RF oxygen plasma the films almost com-
pletely transform to stoichiometric PrO2 films. These structural results are supported by XPS ex-
periments which show significant PrO2 related features, too.
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Figure 1: XRR experiment on praseodymia deposited on Si(111): (a) oxidation in molecular oxygen, (b)
additional oxidation by atomic oxygen due to plasma treatment, and (c) storage of plasma treated sample
under ambient conditions for 14 days.

Figure 2: XRD experiment on praseodymia deposited on Si(111): (a) oxidation in molecular oxygen, (b)
additional oxidation by atomic oxygen due to plasma treatment, and (c) storage of plasma treated sample
under ambient conditions for 14 days. At top the models are presented to fit the data within the frame of
kinematic diffraction.
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XAS and thermal expansion of cobaltites RCaCoO4  
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Quasi-ternary oxometalates RCaCoO4 (R = rare earth) crystalise with structures related to K2NiF4 
type. At room temperature (RT), the structure of PrCaCoO4 and NdCaCoO4 is tetragonal, whereas 
for SmCaCoO4, GdCaCoO4, EuCaCoO4 and TbCaCoO4 an orthorhombic distortion of K2NiF4 type 
of structure is inherent. In the present study we report the results of XAS investigations of 
RCaCoO4 cobaltites (R = Pr−Tb) at RT as well as in situ high-temperature (HT) powder diffraction 
examinations of these compounds in the temperature range of 298–1173 K. 

RCaCoO4 were synthesised by sintering of the pressed mixtures of the respective oxides and 
CaCO3 at 1470 K. For better homogenisation the samples were repeatly regrinded and sintered for 
three times. Phase analysis and crystallographic characterisation at RT were carried out at Huber 
image plate Guinier camera G670 with monochromated Cu Kα1 radiation. In situ HT powder 
diffraction experiments as well as measurement of X-ray absorption spectra were performed at 
beamlines B2 and E4 of HASYLAB. 

RT X-ray diffraction confirms the tetragonal structure of PrCaCoO4 and NdCaCoO4 (space group 
I4/mcm), and orthorhombic structure of RCaCoO4 with Sm−Gd (space group Cmce). For 
TbCaCoO4 a primitive orthorhombic lattice is established (S.G. Pbca). DTA examination in air 
show no clear sign for any endothermic effects up to 1473 K. Weight loss of 0.4–0.7% has been 
observed in Ar atmosphere start from 1273 K. For all compounds a predominant amount of Co3+ 
has been established from the XAS spectra at the Co K-edge (Fig. 1). Shift of the maxima for the 
Nd, Gd and Tb samples could be explained by different spin states of Co3+ ions.   
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Figure 1: XAS spectra of RCaCoO4 at the Co 
K-edge at RT.  

In situ diffraction examinations revealed, that PrCaCoO4 and NdCaCoO4 remain tetragonal up to 
1173 K, whereas transition from orthorhombic to tetragonal structure has been observed in other 
RCaCoO4 compounds (Fig. 2). The transition temperatures increase from 337 K for SmCaCoO4 to 
1030 K for TbCaCoO4. Close examination of the diffractions patterns and thermal behaviour of the 
lattice parameters of TbCaCoO4 revealed an additional phase transition from a primitive to the 
base-centered orthorhombic structure, which occurs at around 515 K. LT diffraction investigations 
show no structural changes for TbCaCoO4 down to 12 K. 
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Figure 2: Thermal behaviour of the lattice parameters 
of RCaCoO4  compounds. 
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Since a variety of binary and ternary oxides can be reversely switched between two resistive states 
by applying an appropriate threshold voltage, these materials are under consideration for the use as 
resistive random access memory (RRAM). Doped ABO3-perovskites are suitable functional 
materials for storage devices with a density in the terabit range since extended defects as dislocations 
or defect clusters with nanoscale dimensions are considered to be the single resistive switching units 
[1-3]. By employing LC-AFM measurements the Jülich group was able to show a clear correlation 
between conducting filaments and dislocations in SrTiO3 single crystals. They developed a model to 
explain resistive switching in SrTiO3 single crystals as a redox process-driven local metal-to-insulator 
transition within a network of dislocations [3]. Similar experiments on SrTiO3 thin films confirm that 
this model holds for resistive switching thin film devices [2]. Nevertheless, devices based on these 
materials are still in the early stage of development. Up to now, their performance does not fulfil the 
requirements for future RRAM and the basic physical and chemical mechanisms are not understood. 
 
In earlier work from the Riga group [4], x-ray absorption near-edge spectroscopy (XANES) and 
extended x-ray absorption fine structure (EXAFS) experiments were performed on SrFexTi1-xO3-σ 
solid solution powders in reduced and oxidized chemical state. It was demonstrated that the Fe(Ti)-
O bond length depends on the oxidation state of the transition metal cation. Building on these 
oberservations, we used the EXAFS beamline A1 at HASYLAB to measure SrFexTi1-xO3-σ thin films 
deposited via pulsed laser deposition (PLD) and Fe-doped SrTiO3 single crystals supplied by the 
Jülich group. The thin films were deposited on Ti-free substrates (NdGaO3) for Fe and Ti-K edge 
EXAFS and on a conducting, Nb-doped SrTiO3 substrate to do Fe-K edge EXAFS on a thin film 
resistive switching device. The single crystals were subjected to an electroforming treatment prior to 
the experiments at HASYLAB, resulting in optically colored regions. Analysis of the data is still in 
progress, however, preliminary results are very promising. 
 
Fe-K edge EXAFS of an electroformed single crystal shows a clear correlation between the sample 
color and the oxidation state of Fe (figure 1 (left)). Preliminary analysis in Jülich shows that the 
optically absorbing part of the sample contained Fe4+ in perfect octahedral oxygen coordination with 
a Fe-O bond length of 1.94 Å, whereas the optically transparent part of the sample contained Fe3+ 
with a Fe-O bond length of 1.97 Å. The Fe4+-O bond length is slightly shorter than the nominal Ti4+-
O bond length in bulk SrTiO3, which can be explained by the smaller ionic radius of Fe4+ [?]. The 
increased bond length of Fe3+-O indicates a structural change in the local first coordination shell of 
Fe, As the reference compound LaFeO3 exhibits a bond length of 2.01 Å for Fe3+ in octahedral 
coordination, the results indicate the presence of an oxygen vacany in the first coordination shell, 
confirming earlier results [4].  
 
Thin films deposited on NdGaO3 with a film thickness of 500 nm were selectively subjected to 
chemical reduction ex-situ and compared to appropriate standards measured in the same beamline 
(SrFe0.1Ti0.9O3-σ powder in oxidized and reduced state). Fe-K edge EXAFS shows clearly that the 
films are in a reduced state after deposition and contain mainly Fe3+-ions substituted on the B-site.  
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It was demonstrated that EXAFS spectroscopy at the Fe-K edge is possible on thin films as thin as 
100 nm and containing as little as 1% iron (figure 1 (right)). This fact becomes very important for 
further experiments on thin film structures for resistive switching, since it enables us to investigate 
thin metal-insulator-metal (MIM) structures. For these investigations, a micro-focused beam is 
necessary to reduce the beam size to the dimensions of the active electrode area of the MIM 
structure, which will improve the amount of signal detected from electrically active areas over that 
detected from non-active regions of the sample. 
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Figure 1: Left: The real part of the Fourier Transform of Fe-K edge EXAFS spectra taken on powder 
references (SrFeO3, LaFeO3) and on an electroformed SrTiO3 single crystal containing 0.13 at% Fe. The 
shift in the curves demonstrates nicely the behaviour of the Fe-O bond length. Right: Fe-K edge EXAFS 
spectra of a Fe-doped thin film containing 1 at% Fe - 100 nm thick - deposited on Nb:SrTiO3 (red). For 
comparison, the EXAFS of a powder reference SrFe0.1Ti0.9O3 taken at BM 29, ESRF. Both spectra were 

recorded on fluorescence mode and demonstrate the possibility to do XAS on thin film with dopant 
concentrations in the range of a few percent. 
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Systematic studies of the phase system Al2O3 – TiO2 have recently revealed the structure of the 
new compound Al6Ti2O13 [1], which shows striking structural similarities to the well-known 
neighboring compound Al2TiO5. This compound has already attracted a lot of interest because it 
exhibits a low thermal expansion and good thermal shock resistance [2]. Therefore, Al6Ti2O13 was 
subjected to investigations of the thermal expansion by powder X-ray diffraction (PXRD). 

Al6Ti2O13 was obtained by melting the appropriate mixture of TiO2 and Al2O3 in an arc-image 
furnace [1]. After melting the spherical sample of 2 – 3 mm diameter was grounded in a corundum 
mortar for 30 min in ethanol. Low temperature PXRD data between 20 K and 290 K were recorded 
at beamline B2 at HASYLAB (Debye-Scherrer geometry, 0.7 mm capillary, λ = 0.526545 Å) as 
well as high temperature data between 290 K and 1173 K (Debye-Scherrer geometry, 0.3 mm 
quartz capillary, λ = 0.65125 Å). The thermal expansion behavior until the decomposition of 
Al6Ti2O13 was evaluated from the variation of lattice parameters with temperature, which were 
obtained by full pattern profile fitting using the model from single crystal structure determination 
[1]. 

The relative expansion of the lattice parameters (space group Cm2m, Figure 1) is anisotropic with 
an almost vanishing value for the a axis over the whole temperature range of 1150 K. This can be 
related to the octahedra double chain [3] also found in the crystal structure of Al6Ti2O13. However, 
the linear volume expansion between 373 and 1173 K amounts to 24.4e-6 1/K, which is a common 
value for closed packed oxides [3]. 
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Figure 1: Temperature dependence of the lattice parameters of Al6Ti2O13. 
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The LaPO4-Pr nanocrystals attract the attention as model objects for studies of inter- and 
intraconfigural radiative transitions in Pr3+-ions coexistence and conditions of photon cascade 
emission observation. Some luminescence properties of LaPO4-Pr nanocrystals are presented in [1], 
however the detailed study of the luminescence excitation spectra in VUV range and of the 
luminescence decay kinetics is absent. LaPO4-Pr nanoparticles are of special interest due to possible 
application as part of efficient lamp composite phosphors, which use the emission energy of mercury 
(λem = 185 and 254 nm). Also this luminescence material due to its UV emission can be used as 
converter of X-ray radiation in radiotherapy of pathologic tissues [2].  

Studied samples were prepared by the Pechini’s method using chemical reaction of lanthanum nitrate 
and ammonium phosphate with citric acid and PEG in solution. After synthesis the nanoparticles 
were annealed at 800oC in argon atmosphere during 2 hours. The average size of nanoparticles from 
X-ray diffraction analysis is estimated to be about 20 nm. Luminescence studies were performed 
using facility of SUPERLUMI station (HASYLAB). 

Emission spectra of LaPO4-Pr nanoparticles are shown in Fig. 1. The emission spectrum at 10 K 
consists of both broad bands caused by the interconfigurational 4f15d-4f2 (210-280 nm) and sharp 
lines caused by the 4f2-4f2 transitions from 1S0 level. At room temperature due to thermal transitions 
of electrons from 1S0 to 5d levels only 5d-4f emission is observed.  
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Figure 1: Emission spectra of LaPO4-Pr nanoparticles at 10 and 300 K. 

Luminescence excitation spectra of LaPO4-Pr nanoparticles are shown in Fig. 2. In the luminescence 
excitation spectrum for 4f5d-4f2 emission at 10 K (curve 1) the low energy band in the range of 5.8-
7.1 eV corresponds to absorption transitions on 5d-level split by the crystal field. It should be noted 
that intraconfigural f-f emission (curve 2) is excitated only at absorption on higher 5d-levels 
(curve 2) revealing the high energy shift of excitation edge of about 0.23 eV. The broad high energy 
bands at 7.7 and 8.3 eV as it can be supposed from comparison of curves 1 and 2 are caused by 
LaPO4 host excitations. The recombinational character of Pr3+ luminescence decay kinetic confirms 
also this. 
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Figure 2: Luminescence excitation spectra of LaPO4-Pr nanoparticles at 10 and 300 K. 

The simultaneous observation of 4f5d-4f2 and f2-f2 emission at low temperature suggests the 
existence of small energy activation barrier between 1S0 and 5d levels. In the same time such small 
barrier facilitates the admixing of 5d wave functions to 1S0 state and the shortening of the decay time 
of the 1S0 emission. In the studies samples the decay time constant is estimated to be 52 ns (Fig. 3, 
curve 2), which is smaller than 190 ns reported in [1]. This difference is supposed to be due to the 
nanoparticle surface defects influence. The luminescence decay constants 8.0 and 40 ns are revealed 
at 10 K for the emission at 250 nm where the 5d4f1 and 4f2 emissions overlap. The decay time of 
10.3 ns observed for 4f5d-4f2 emission at the room temperature is typical for Pr3+ ion luminescence.  
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Figure 3: Luminescence decay kinetics curves of LaPO4-Pr nanoparticles 
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Rare earth (RE) ions, like Eu3+ can dramatically change the luminescent properties of the wide 
range of oxide luminophors. The BaLa2Ti3O10 is among the last ones. BaLa2Ti3O10 belongs to 
Dion-Jacobson family of layered perovskite-like titanates of common formulae [Lnn−1TinO3n+1] 
where Ln is RE element from La to Sm set. We synthesized and investigated the structure and 
excitation of photoluminescence for BaLa2−xEuxTi3O10 compounds, where x = 0−0.5. 

The microcrystalline powders of these materials were made by utilizing the termotreatment 
(  = 1520 K, t = 2 hours) of simultaneously precipitated barium, titanium, and rare earth 
hydroxycarbonates. 

Both luminescence and excitation spectra were investigated using synchrotron radiation from the 
region 50–330 nm. Experiments with synchrotron radiation were carried at SUPERLUMI station, 
Project #20080221. Diffraction spectrometers which cover wide spectral region from 225 to 1200 
nm were used. 

 
Figure 1: Spectra of BaLa2Ti3O10 crystals: excitation (left, reg = 550 nm) and 

luminescence (right, ex = 334 nm). T = 300 K. 
 

Recently we have reported some of the photoluminescent properties of these samples. The structure 
of the spectra and lines positions correspond to the excitation spectra of Eu3+ ions known from the 
literature for different oxide compounds [1–5]. However the consideration of excitation spectra of 
the BaLa2-xEuxTi3O10 compounds is much more complicated from the experimental point of view 
because of extremely low level of signals. As a result the wide spectrometer slits were used and 
some thin and weak spectral lines can not be resolved. For instance, the excitation spectra of 
samples with the lowest Eu3+ concentration (x = 0.001) is the set of the weak wide bands similar to 
the excitation spectrum of initial matrix (Fig. 2, curve 1). This fact can be used to prove the idea 
that excitation of photoluminescent emission from the ions by UV is indirect. 

The increasing of Eu3+ concentration up to x = 0.01 causes the number of rather narrow lines, which 
are typical for absorption and excitation of PL of Eu3+ ions due to internal transitions in their f-
orbitals. 
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The spectral positions of these lines are approximately 400, 460 and 530 nm (Fig. 2, curve 2). These 
lines and some weak peculiarities in 320 – 350 and 360 – 380 nm ranges can be well registered only 
at low temperatures (77 K) (Fig. 2, curve 3). The following increasing Eu3+ concentration (x = 0.1) 
don’t change considerably the shape of the spectrum (Fig. 2, curve 4), but the samples with the 
highest efficiency of PL excitation (x = 0.5) have great number of lines in the range from 300 to 600 
nm. 

 

Figure 2: Excitation spectra of concentration series of BaLa2–xEuxTi3O10: x = 0.001 (1); 0.01 (2, 3); 0.1 (4) 
and 0.5 (5). reg = 620 (1,2), 615 (3,4) and 700 nm (5); T = 300 (1, 2, 4, 5)  77 K (3). 

Thus, in the PL excitation spectrum of BaLa1.5Eu0.5Ti3O10 (x = 0.5) at room temperature (the 
registration was performed at the maximum of the main line of emission at 5D0

7F4 transition, 
max  703 nm) one can observe the wide band of high intensity that lies in the spectral range from 

UV to blue (275–450 nm) and maximum of its “envelope” curve is about 350 nm (Fig. 2, curve 5). 

In addition to the mentioned band seven narrow lines of different intensity can be observed 
( max  364, 380, 398, 416, 428, 435 and 441 nm) too; moreover, the line at 398 nm is the most 
intensive one in all of the registered spectra. 

In the long-wave region one can observe several lines with maxima at 467, 533 and 591 nm. The 
excitation lines at 380, 398, 416, 467, 533 and 591 nm seems to be not complicated, but their 
structure can not be resolved due to the reasons listed above. 

The excitation spectra when PL is registered at the main band of 5D0
7F2 transition ( max 615 nm) 

show the similar distribution of excitation efficiency. 
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Understanding the deformation anisotropy and annealing processes in polycrystalline ice is an im-
portant step towards an accurate modelling of ice dynamics,which is relevant for various applica-
tions like detailed prediction of glacier movements or deformation of polar ice caps [1]. With its
imaging capabilities the diffractometer at DORIS beamlineG3 is well suited for position resolved
analysis of structure and deformation behaviour of polycrystalline ice samples. For diffraction
imaging an array of parallel capillaries is used in front of aposition sensitive detector. The tubes of
a multi channel plate act as collimator for the diffracted radiation by suppressing cross fire radiation
and enable us to directly map the diffracted intensity distribution of the sample surface area [2].

Figure 1: experimental setup

First measurements were carried out on laboratory grown columnar ice samples. The specimen was
mounted in transmission geometry with the surface normal ofthe slab pointing towards the syn-
chrotron beam direction. Applying a beam of 0.1 mm height only a thin slice of the specimen was
irradiated and the intensity distributions of the Bragg reflexions within the illuminated slice were
imaged by the CCD camera (Fig 1). Moving the sample perpendicular to the slice and successively
take image series of the reflexion intensity allows us to probe a 3 dimensional area within the bulk.
One ends up with a stack of images which can be rendered to a 3D representation of grain structure
(Fig 2).
The setup allows in situ observations of phase transitions,recrystallization processes or disloca-
tions. The samples are mounted on a two-stage peltier cooling element including a closed sample
stage which may be evacuated or operated with well defined atmosphere and temperature down to
−60

◦ C. Providing a controlled amount of water vapour allows us toobserve desublimation and do
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time resolved investigations of crystallite growth. Further measurements are planned on deformed
ice samples. The orientation distribution of grains plays an important role for the creep behaviour
of ice. Strong intragranular heterogeneities in stress- and strain-rate are observed in the material
during deformation due to anisotropy. Our 3D grain imaging method will make possible to study
the intragranular strain fields and dislocations on laboratory grown ice samples, as well as on natu-
ral samples aiming at a deeper understanding of the couplingbetween elasticity and viscoplasticity
in polycrystalline ice and other hexagonal materials.

Figure 2: 3D representation of a single grain
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Introduction: To collection single crystal diffraction data with dehydrated forms of zeolitic 

materials undergoing reversible hydration-dehydration it requires very troublesome time-resolved 

experiments [1]. This is aggravated by a sheet-like intergrowth of tiny crystal plates of the 

microporous lithosilicate Li-ionic conductor RUB-29 (as-synthesized, hydrated form: 

Cs14Li24[Li18Si72O172]·14H2O, space group I222,  a = 11.208(1), b = 17.286(1), c = 23.536(1) Å, 

and V = 4660(1) Å
3
 [2]). A set of valuable data of dehydrated RUB-29 at 120K, 200K, and 293K 

have been collected at the instrument F1_HASYLAB in 2006. Although extremely week satellite 

reflections arising from incommensurate modulations in LT-RUB-29 below 300K could be 

detected, we knew only about its average structure and could merely perform qualitative analysis of 

incommensurate modulations with reconstructed reciprocal planes showing very weak intensities of 

satellites [3]. It was critical to analyze quantitatively due to the lack of suitably available software to 

integrate incommensurate satellite reflections of those F1 data. Recently we have evaluated 

successfully the F1 data sets of LT-RUB-29 with Eval Program Suite [4] in collaboration with the 

group of Prof. van Smaalen at the laboratory crystallography at the university Bayreuth. As a result, 

we are briefing a model obtained for the modulated structure of dehydrated LT-RUB29 at 120K in 

this annual to report. 

 

Data evaluation and structure refinement: The data reduction process gave rise to 2.92% 

reasonable for both initial (Rini) and expected residual (Rexp) vaules after averaging from all 12092 

main reflections. By contrast, relatively large values for Rini = 8.39% and Rexp = 20.81% were 

resulted from averaging all 2222 satellites with m = ±1, reflecting their weak intensities and the low 

number of observation. The average structure and starting modulation functions were obtained by 

applying the superflip method [5] with a program suit, Jana2006 [6]. The final structure model of 

LT-RUB-29 (Cs14Li42Si72O172; superspace group: I222(α00)000) has an agreement of R = 6% and 

20% when refining against structure factors for main and satellite reflections, respectively. 

 

Result and discussion: The main reason for the (3+1)-dimensional modulation in LT-RUB-29 can 

be addressed to occupational modulations of partially occupied Cs cations along with displacive 

modulations of the framework SiO4-tetrahera, in particular those confining 10-membered ring 

(10MR)-channels. As shown in Figure 1, both modulations seem to be correlated to eachother as the 

distortion feature of 10MR-channels is a logical consequence of the change in the configuration of 

Cs cations which play a template-like role for the pore system. Such a distortion of pore system of 

zeolitic materials is in fact a typical appearance upon dehydration because of the lack of zeolitic 
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water molecules serving as a pore-filling template . The details of this structure analysis will be 

reported elsewhere [7]. 

 

 
Figure 1 Snap shots of incommensurate modulations in dehydrated LT-RUB-29 at 120K with 

changing the phase of the modulation t = 0 ~ 1. The distortion of 10-membered ring-channels 

(above) depends on the modulation of partially occupied Cs cations (below) which were statically 

disordered with water molecules before the hydration of the material [2]. 
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Modern devices such as flat panel, liquid crystal displays, solar cells, etc. require the use of transparent thin 
films presenting a good electrical conductivity. Transparent conductive oxides (TCO) with large band gaps 
(more than 3 eV) and good electrical conductivity fulfil those requirements. Due to the significant increase 
of the demand, the price of the most employed TCO, namely indium tin oxide (ITO) has strongly increased 
during the last years. Therefore, an alternative to this material becomes more and more necessary. Among 
all the candidates, ZnO:F and Cd2SnO4 present the best performance in term of transparency and electrical 
conductivity. Due to environmental reasons the latter cannot be considered. Therefore, ZnO:F is indentified 
as the best candidate to replace ITO in TCO applications. 

In this work, thin films of ZnO:F were prepared by DC reactive sputtering using a zinc target in an Ar/O2/F2 
mixture. In a first attempts, ZnO films were synthesized in order to optimize the matrix properties in terms 
of cristallinity and transparency. The studied parameters were the DC power (PDC), the total pressure (PTot) 
and the O2 flow (fO2). Our data reveal that the ZnO films presenting the best features are prepared for PDC = 
70 W, PTot = 30 mTorr and fO2 = 3 sccm. The valence states of the ZnO films were studied by UPS using 
photons of 50 and 100 eV photon energy , the recorded spectra showed that the valence band of the 
deposited films are in accordance with the ones reported in the literature. 

The second step was to introduce fluorine in this matrix. Therefore, we have studied the crystallographic, 
chemical and optical properties of the deposited films as a function of the fluorine content. For the 
parameters used, all films present a high transmission in the visible (above 80%). Our XRD data reveal 
decrease of the crystallite size with the increase of the fluorine content. Above a fluorine concentration of 2-
3%, the ZnO:F films become amorphous. Our first XPS and XRD data suggest that F atoms substitute O 
atoms in the ZnO structure. 
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Microstructure of Carbon-Rich SiCN Ceramics Derived 
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The presence of nanodomains in polymer-derived ceramics constitutes one of the most intriguing 
features of this class of materials. [1-3] In carbon-rich SiCN ceramics, the analysed presence of 
more than one type of nanodomains (sizes 0.7 nm – 3 nm) clearly shows the complexity of the 
microstructure of these ceramics, in particular in its amorphous state below 1500 °C (Figure 
1).[4,5] The unusual high temperature stability and other interesting physical properties of SiCN 
ceramics strongly correlate to their nanodomain structure. [4-6] Moreover, the potential to identify 
the properties of the novel nanoscale building blocks not available in the bulk was the motivation of 
this project. 

 

Figure 1: Thermal transformation of polysilylcarbodiimides to SiCN ceramics. 

The carbon-rich SiCN ceramics have unusual high temperature stability, show electrical 
conductivity and properties related to their complex microstructure. [4,5,6] Moreover, the ceramics 
prepared at temperatures higher than 1600 °C present very high specific surface area (SSA > 550 
m2/g) due to the nanodomain presence. A nanodomain model of the microstructure of carbon-rich 
SiCN ceramics based on the simulation of the SAXS experimental data (acquired in University of 
Colorado at Boulder, in the group of Prof. R. Raj) was proposed (Figure 2). [6] 

 

Figure 2: Results of the simulation of the particle size distributions in the SiCN ceramics annealed 
at different temperatures as based on the experimental SAXS data.[6] 
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Furthermore, the polysilsesquicarbodiimides are novel oxygen-free analogues of 
polysilsesquioxanes, known as nanoscale building blocks for constructing materials with 
architectures tailored at nanometer length scales. Novel cubic silsesquicarbodiimides [RSi-
(NCN)1.5)]8, analogues to silsesquioxanes T8 (RSiO1.5)8 were developed in our laboratory. These 
materials are proposed to keep in the final ceramic material their initial nanometric and perfectly 
defined structure. [7,8] The analysis of the microstructure of these materials was done by 
SAXS/WAXS techniques at the beamline A2 at Doris III. SAXS/WAXS measurements were 
employed in order to characterize the size, shape and distribution of the nanoblocks in the 
polymeric and in the ceramic state. The analyses were complete on the polymeric samples and 
prepared samples from r.t up to 1100 °C in order to achieve more ex-situ information on the 
thermal decomposition of the polysilsesquicarbodiimides to SiCN ceramics. Work on the 
interpretation and simulation of experimental data is currently in progress in our group. The same 
method for the interpretation and modeling of the experimental SAXS data as for the samples 
reported in reference [6] will be applied. 
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Phase separated metallic glasses can be prepared in the Ni-Nb-Y system [1]. With increasing Ni-content the 
critical temperature TC drops near to the glass transition temperature, which enables freezing in the early 
stages of decomposition [2]. Here we report on the influence of the yttrium content on the formation and 
transformation of the early stages of phase separation in Ni70Nb30-xYx (x= 5, 10, 15) metallic glasses [3]. In-
situ small-angle X-ray scattering at elevated temperatures in combination with simultaneous X-ray 
diffraction was applied in order to analyse the temperature and time dependence of the decomposition in 
relation to the crystallization. Especially the question to be answered was to which extend phase separation 
occurs if the concentration of the element responsible for phase separation becomes low. 

Small angle X-ray scattering (SAXS) data were measured at the B1 synchrotron beam line of 
HASYLAB/DESY using an energy of 16516 eV. For these experiments, the samples were mounted on a 
heating stage, which was used under vacuum for in-situ measurements. Intensity curves were registered by a 
PILATUS 300k area detector at a distance covering a q-range between 0.2  and 4.3 nm- 1. The temperature 
was stepwise increased. For each temperature, the background was measured followed by a calibration 
standard (glassy carbon) and subsequent measurement of the sample. For isothermal analysis, the samples 
were heated at 100 K/min up to the corresponding temperature and the measurements were immediately 
started (5 min or 15 min per pattern) and repeated up to 10 hours. Simultaneously, the wide-angle X-ray 
Scattering (WAXS) was recorded by a linear position sensitive detector (MYTHEN). 

 Figures 1 and 2 show the obtained SAXS curves for two of the Ni70Nb30-xYx glasses at elevated 
temperatures. The simultaneously measured WAXS patterns are also given in the insets. The as-cast states 
are characterized by a very weak SAXS intensity pointing to an almost homogeneous structure. The intensity 
increase below q < 0.8 nm-1 probably originates from surface scattering. With rising temperatures a 
pronounced maximum becomes evident for the Ni70Nb15Y15 glass, which increases in height and shifts in 
position to lower q-values. Such a maximum is indicative of a dominant correlation length. By using the 
relationship ζ = 2π/qmax between the correlation length ζ and the position of the maximum one obtains 
values of ζ between 5 and 10 nm. The comparison with the XRD data reveals that the crystallization of the 
nanocrystalline Ni2Y phase is clearly reflected by the SAXS data. The shift of the interference maximum to  

Figure 1: In-situ SAXS and WAXS (inset) at 
different temperatures for glassy Ni70Nb15Y15   

 

Figure 2: In-situ SAXS and WAXS (inset) at different 
temperatures for glassy Ni70Nb25Y5 
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lower q-values indicates growth, which is also seen by the reduction of the width of the reflections in the in 
the XRD patterns. The Ni70Nb20Y10 glass shows a similar development of the SAXS patterns with 
temperature. However, the Ni70Nb25Y5 glass exhibits a different behaviour. No change of the SAXS intensity 
(Fig. 2) is observed below the crystallization temperature. First, the eutectic crystallization of the amorphous 
phase at Tx=823 K leads to a heterogeneous microstructure and to the increase of the SAXS intensity.  

Figure 3 compares the temperature dependence of the integral (sum) of the SAXS intensities between q=0.2 
and 3.0 nm-1 for the different glasses. For Ni70Nb15Y15 and Ni70Nb20Y10, an increase of the SAXS intensities 
is observed well below the crystallization temperature. The beginning crystallization is expressed by a 
change of the slope of the SAXS vs. T curves. Obviously, for the Ni70Nb15Y15 and Ni70Nb20Y10 glasses phase 
separation occurs before crystallization. On the other hand, for the Ni70Nb25Y5 glass no indication for phase 
separation in the amorphous state can be detected from the SAXS measurements.  

Figure 4 shows a pseudo-binary section of the ternary Ni-Nb-Y phase diagram calculated by the CALPHAD 
method.. The critical temperature of liquid-liquid phase separation TC is rather low and only slightly 
different from the glass transition temperature Tg. From this picture it is understandable that during rapid 
quenching early stages of spinodal decomposition or even an almost homogeneous glass can be frozen in if 
crystallization is avoided. Subsequently annealing the glass at elevated temperatures below the 
crystallization temperature leads to phase separation by nucleation and growth or by spinodal mechanisms, 
or to further development of already frozen-in fluctuations. For the low Y-content, a complete solubility is 
found in agreement with the composition dependence of the miscibility gap.  

 

Figure 3: SAXS intensity of Ni70Nb30-xYx glasses 
versus temperature during step-wise heating 

 

Figure 4: Pseudo-binary section of Ni70Nb30-xYx 
phase diagram 
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The physical characteristics of high-performance polymer fibres could be related to the internal
structure. The physical characteristics of one such a fibre, Poly p-(phenylene terephthalamide)
(PPTA, aramid), can be adjusted through a heat-treatment procedure. Therefore, if this heat treat-
ment imposes a permanent structural change in the nanostructure of the fibre, this may lead to clues
concerning the effective structure-property relationships.
In order to investigate this, a novel analysis method for the analysis of the porous structure in
(aramid) fibres [1] is applied to aramid fibres undergoing tensile strain and simultaneous heating.
For this purpose, a pneumatic in-situ fibre tensile stage has been developed capable of applying
stresses on these fibres around the yield point (c.f. Figure 1). A radiative oven has been added
capable of reaching 250 degrees. The tensile stage is evacuated when in operation to ensure no
moisture is present in the voids of the fibre. Mica windows are used as vacuum-atmosphere barrier.
In-situ SAXS measurements have been performed using this stage at the BW4 beamline of the
DORIS ring at HASYLAB. The q-range of q = 0.025 → 0.23 was measured using a CCD detector
with 79.1 µm2 sized pixels, placed at a distance of 1.56m to the sample. The wavelength used was
1.381 Å.

Figure 1: The fibre tensile stage, with the two hemicircular clamps (to the right one, stress is applied through
pistons) and the radiative oven (aluminium cube between the clamps).

Measuring the effect of high levels of stress on the internal structure of a bundle of Twaron 1000, a
commercially available PPTA fibre by Teijin Aramid BV, shows that at low temperatures the voids
are elongated slightly in the direction of the stress, and the orientation distribution with is reduced
(c.f. Figure 2).
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The effect of limited heat on the sample is a slight increase in the width of the voids and an overall
decrease in length which could indicate the sintering of longer, narrow voids (c.f. Figure 2). The
orientation distribution remains unaffected.
The effect of high levels of stress at elevated temperatures and the increase of temperature at high
levels of stress show combined effects of the aforementioned. Depending on the levels of stress and
the temperature, the overall shortening of voids due to the temperature increase may be countered
by the increase in void length due to high levels of stress.
The overall results indicate that the nanostructure in the fibres is affected by both elevated tem-
peratures and the application of high levels of stress. The custom-built tensile stage performs well
and is a suitable tool for exploring the effects of stress and elevated temperatures on the fibre. The
pneumatic nature does limit the operating range of applicable stresses. Furthermore, the material
and chosen mounting method limits the temperature to below 250 degrees, but this can easily be
remedied in future adaptations.
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Figure 2: The mean (solid), 80% confidence interval (dashed) and FWHM of the orientation distribution
(arc), showing the effect of high tensile stress (red, left) and elevated temperature (red, right) on the structure
of the original fibre (blue).
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The LaF3-Ce is well known model system for the study of luminescence processes in scintillation 
materials. LaF3-Ce bulk crystals have been investigated very thoroughly [1, 2]. The study of this 
crystal in a considerable degree provides an opportunity to elucidate the energy transfer 
peculiarities in CeF3 crystals and to explain the relatively low scintillation efficiency by the 
excitation mediated preferably the direct excitation of cerium ions. Additionally, the comparison of 
LaF3-Ce and CeF3 emission parameters reveals the luminescence from Ce3+ perturbed centers, 
where cerium ions resides near some defects. From this point of view for the elucidation of surface 
defects role in luminescence process for both LaF3-Ce and CeF3 we performed the luminescence 
study of LaF3-Ce nanoparticles. Up to now the luminescent parameters of LaF3-Ce nanoparticles are 
mainly studied in a solution and the main luminescence band is shifted from UV (283 and 301 nm 
luminescence peaks) for bulk crystal to almost visible range. For free standing LaF3-Ce 

nanoparticles the luminescence 
originated from cerium emission 
is observed at 310 nm [3]. 

LaF3-Ce nanoparticles as well as 
LaF3-Ce coated by LaF3 shell 
(LaF3-Ce/LaF3, core/shell 
nanoparticles) were synthesized 
by the chemical reaction of 
lanthanum nitrate and cerium 
nitrate with ammonium fluoride 
and citric acid. The 
nanoparticles synthesized in this 
way have dimensions of about 
5 nm accordingly to XRD data. 
During annealing at 800 °C the 
nanoparticles size increased to 
30 nm. 

Luminescent-kinetic studies of 
LaF3-Ce and LaF3-Ce/LaF3 
nanoparticles were carried out 
using SUPERLUMI facility, 
which provided the spectrum 
measurements with subnano-
second time-resolution within 4–
20 eV energy range for the 
luminescence excitation spectra 
and 6–1 eV for the luminescence 
spectra.  

For as synthesized nanoparticles 
the luminescence parameters, in 
particular, the spectral position 
of the emission bands and the 
shape of excitation bands are 
somewhat similar to the ones for 
bulk LaF3-Ce (Fig. 1a). Decay 
time constant for the 300 nm 

Figure 1: The luminescence and excitation spectra of nano- and 
bulk LaF3-Ce and CeF3 crystals. 
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luminescence band excited by the light with wavelength of 240 nm has nonexponential nature with 
two decay time constants of 3.0 and 13.1 ns (Fig. 2a, curve 1). 

Luminescent parameters of these nanoparticles are 
drastically changed at the change of their size due to 
annealing. Annealed at 800 °C the LaF3-Ce 
nanoparticles show the luminescence inherent to the 
one for bulk LaF3-Ce. The Ce3+ 5d-4f luminescence 
peaked at 300 nm is observed and it is efficiently 
excited with photons in the 260–190 nm range 
(Fig. 1b). Annealed LaF3-Ce/LaF3 core/shell 
nanoparticles show a more intensive fast Ce3+ 5d-4f 
luminescence peaking at 283 and 301 nm with decay 
time constant of 21 ns. The five bands in the 
excitation spectrum between 180 and 260 nm (247, 
232, 218, 206 and 194 nm) are typical to the 4f→5d 
absorption transitions of Ce3+ ion located at a low 
point symmetry site (Fig. 1c). In addition to the bands 
in the 280–320 nm range the wide extrinsic long 
wavelength luminescence in the 320–500 nm range is 
registered. In principle, this luminescence can be 
attributed to the luminescence of so-called perturbed 
cerium, which is a typical centre for CeF3 single 
crystal. For CeF3 such a perturbed ion represents 
cerium ion near a defect, for example, F- center. It is 
worth to note as well other peculiarities of this long-
wavelength luminescence in LaF3-Ce nanoparticles. It 
is intensively excited beyond the 4f→5d absorption 
of Ce3+ center (Fig. 1b, curve 3) and the decay 

kinetics curve in this case has exponential nature with the decay time constant of 28.8 ns (Fig. 2b, 
curve 1) coinciding with 28.9 ns for perturbed Ce3+ ion luminescence in CeF3. Similar to perturbed 
Ce3+ center in CeF3 the decay kinetics of long-wave band in LaF3-Ce nanoparticle shows a slow 
growth at the stage of a luminescence pulse rise (Fig. 2b, curve 2). Such a rise up could be 
connected with the energy transfer processes between Ce3+ ions and perturbed cerium center at the 
condition of the CeF3 formation in LaF3-Ce during the annealing. The maximum at about 7 eV in 
the excitation spectrum of LaF3-Ce correlates with the one for CeF3 as well. The similarity is also 
observed in the position of exciton transition (10.8 eV) for CeF3 and for LaF3-Ce nanoparticles. 

All these mentioned above facts allow us to suggest that during high-temperature annealing the 
CeF3 nanoparticle embedded in LaF3-Ce nanoparticles is formed. Under the assumption of small 
size of nanoparticles the excitation spectra of CeF3 and LaF3-Ce will be coincide, because the 
saturation effect and surface losses effect are absent. This feature has been observed for the 
excitation spectra of CeF3 thin films with thickness around 352 nm [4] and CsPbCl3 nanocrystals 
embedded in CsCl host [5]. If we state about the coexistence of CeF3 and LaF3-Ce nanophases, 
other peculiarities of their luminescence can be explained. In particular, the decay curve of long-
wave luminescence at the excitation of about 7 eV has long decay times inherent to a recombination 
luminescence. The appearance of a recombination process requires the participation of the band 
charge carriers. Therefore, we assume that the band with a maximum of about 7 eV could be caused 
by the 2pF-→5d transitions, where the 5d-band has to be considered as conduction band. The 
threshold around 7.6 eV could correspond to 4f→6s transitions. 
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Figure 2: The decay kinetics of LaF3-Ce 
nanocrystals. 
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Intermetallic TiAl alloys with a significant volume fraction of the body-centered cubic β-phase at 
elevated temperatures have proven to exhibit good processing characteristics during hot-working. 
Since Mo is a strong β-stabilizer, it has gained importance as an alloying element for so-called β/γ-
TiAl alloys [1, 2]. Unfortunately, the knowledge on the influence of Mo on the Ti-Al phase 
diagram is limited. In this alloy type, the β0-phase exhibiting a B2 structure and the γ-phase with a 
L10 structure are the main constituents and evenly distributed in the microstructure. Additionally, a 
significant phase fraction is constituted by the α2-phase (D019). At the eutectoid temperature Teu, α2 
disorders to α (A3) while at To the βo-phase disorders to β (A2). The γ-phase remains ordered up to 
its dissolution temperature Tα [3].  

To investigate the accuracy of binary sections through the Ti-Al-Mo ternary phase diagrams for 43 
and 45 at% Al, the course of phase fractions with temperature was determined for two different 
alloys. These were produced by GfE Metalle und Materialien GmbH, Nuremberg, Germany and 
provided in a hot-isostatically pressed condition. Actual compositions were determined by X-ray 
fluorescence spectroscopy to Ti-44.58Al-3.23Mo-0.12B (alloy A) and Ti-43.94Al-6.78Mo-0.09B 
(alloy B) (all values in at%). Diffraction experiments were conducted at the HARWI II beamline of 
the GKSS research center at the DESY synchrotron in Hamburg, Germany [4,5]. For heating the 
specimens in-situ, a custom built induction furnace was used in which an Ar atmosphere was 
established. For controlling the temperature of the cylindrical specimens (diameter 5 mm, 15 mm in 
length) a pyrometer was used. The monochromatic high-energy X-ray beam with a cross-section of 
0.5×0.5 mm2 was adjusted to a mean energy of 104.7 keV. As detector a mar555 by MAR 
Research, Nordersted, Germany was employed. To obtain the phase fractions for a temperature 
range, the samples were rapidly heated to 1000°C, held for two minutes and subsequently heated to 
1350°C at a rate of 2°C/min. For azimuthal integration of the acquired patterns, the software fit2D 
was used [6]. Rietveld analysis was conducted with the commercial software package TOPAS by 
Bruker AXS, Madison, USA. Individual peaks of the phases were fitted with a Gaussian function 
and multiplied by a weighting factor in order to obtain phase fractions by the intensity ratio 
method. The weighting factors were derived from Rietveld analysis.  

In Figure 1 the results of the high energy X-ray diffraction (HEXRD) results are shown for sample 
A and B. Alloy A shows high α2/α-phase contents throughout the whole temperature range 
investigated, whereas alloy B exhibits higher α2/α-phase contents above 1265°C. The γ-phase is 
continuously diminishing until dissolves at 1225°C in alloy A, which is about 15°C below Tα of 
alloy B. Both alloys exhibit a significant βo/β-phase fraction at all temperatures.  

The ordering temperatures of alloy A can be derived from the inset in Figure 1a. Here the 
intensities of superstructure reflections of all three phases are plotted versus temperature. Vanishing 
of these peaks indicates the loss of order in the corresponding phase. Disordering temperatures for 
alloy A were determined to 1175°C, 1210°C and 1225°C for Teu, To and Tα, respectively. 
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Figure 1: Phase evolution of (a) Ti-45Al-3Mo and (b) Ti-45Al-7Mo (nominal composition). Circles 
represent the α-phase whereas triangles and squares correspond to the β- and γ-phase, respectively. Filled 

symbols indicate Rietveld analysis results, open ones were gained from evolution of peak areas. The inset in 
(a) shows the α2→α and β0→β transition temperatures as well as the dissolution temperature of γ. 

Results from peak area and Rietveld analysis are in good agreement. The deviation at 1200°C for 
alloy Β is attributed to the proximity of the diminishing γ-111 peak to the increasing β-011 peak. 
Evaluation of phase evolution, transition and ordering temperatures by in-situ HEXRD suffers from 
some limitations. Due to the non-zero heating rate the transformation temperature of slowly 
progressing reactions might be overestimated. It is shown in [7,8] that Teu and To are rather 
insensitive to heating rate whereas Tα exhibits a pronounced dependency. Additionally, at high 
temperatures the loss of Al in surface near regions of the specimen might lead to the stabilization of 
α2/α-phase. An influence of this effect on the results was precluded by conducting light optical 
microscopy subsequent to the diffraction experiments. In these investigations, no so called α-case 
was observed.  

This investigation contributed to the better understanding of the Ti-Al-Mo ternary system and 
promoted the understanding of phase fractions in a novel intermetallic alloy intended for use as 
high-temperature structural material.  
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Incorporation of trivalent rare-earth (RE
3+

) ions in SnO2 is rather difficult due to the 

difference of ionic radius and charge between the doping ion and Sn
4+

, leading to a low emission 

efficiency. In order to improve the quantum efficency in the luminescence process for these 

materials, the use of nanoparticles in the deposition of SnO2 thin films has been widely spread, 

mainly prepared by the sol-gel process. The inspection of electrical characteristics of RE-doped 

SnO2, deposited by the sol-gel-dip-coating technique,  allows the knowledge related to operation of 

electroluminescent devices. Optically induced electrical transport in Er
3+

-doped SnO2, by the 

irradiation with the fourth harmonc of Nd:YAG laser (266nm) reveals the existence of two trapping 

levels: one related to Er
3+

 substitutional to Sn
4+

 in the lattice and Er
3+

 located at boundary layer [1]. 

The photoluminescence (PL) spectra reveals the transition 
4
I13/2 → 

4
I15/2 of Er

3+
 about 0.8eV [2]. It 

is important to mention that this transition is coincident with the absorption minima of silica based 

optical fibers[3]. Under excitation with different energies, again the two mentioned families are 

found [4], being related to particularities of the luminescence spectra.  

Concerning the RE Eu
3+

, our recent PL data yield information on the symmetry of Eu
3+

 

luminescent centers [5], which was also related to the ion localization in the matrix: Eu
3+

 

substitutional to Sn
4+

 sites in the lattice, and Eu
3+

 seggregated at particles surface. Better emission 

efficiency was obtained for high symmetry Eu
3+

. The intensity of emission 
5
D0 → 

7
F1 increases 

with temperature from 10 to 240K, under excitation with the line 266nm. Then, it can be expected a 

high efficiency in optical communication device operation even at room temperature, for devices 

based on Eu-doped SnO2. Then, the existence of two defect levels in these two types of RE doping 

was a great motivation for a complete XAFS analysis, which may determine the localization of the 

doping ions into the matrix and the effects either to the electrical transport as well as to the 

emission spectra. Besides, the proposal for the analysis of the collected data is the application of the 

same formalism of numerical analysis done for Sb-doped SnO2 [6,7], in order to determine the 

localization and the role of the rare-eatrth ions in the SnO2 matrix. 

Concerning the Ce
3+

 doping in SnO2, our goal is to relate the electrical properties with the 

oxidation state and grain size, besides the ion location. Taking into account that the Ce
3+

 ionic 

radius is much larger than Sn
4+

 [8] in the tin dioxide matrix, the doping distribution throughout the 

crystallite becomes very important towards the complete comprehension of the electrical transport. 

Previously, we conclude through Rietveld analysis that a significant  amount of Ce
3+

 remained in 

that oxidation state even after the thermal annealing [9]. Then, a XANES analysis of the proportion 

of Ce
3+

/Ce
4+

 as function of thermal annealing temperature must yield information for the 

understanding of the electrical transport in this material. Although this ion presents very useful blue 

emission properties, this luminescence depends on the amount of Ce
3+

 present into the matrix.  

Data collected at Ce L3 edge and Sn K edge, of  Hasylab (beamlines C and E4), indicate that 

during the annealing at 550
o
C of SnO2 doped with Ce

3+
, an incomplete oxidation of Ce

3+
 occurs, 

giving rise to a mixture of Ce
3+

/Ce
4+

 oxidation states in the proportion 60/40. The result can be seen 

in figure 1. Then, a significant amount of Ce
3+

 remains in that oxidation state as we had concluded 

previously, through Rietveld refinement analysis [9]. Moreover, an increasing annealing 
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temperature rises the Ce
4+

 proportion concomitant 

with crystallite growth, suggesting that the larger 

Ce
3+

 ions [9] are located preferentially at crystallite 

boundary layer whereas the smaller Ce
4+

 ions 

becomes located at matrix sites, which is presently 

under confirmation. EXAFS analysis in progress 

shall yield the localization of the Ce
3+

 in the matrix, 

and help to a fully understanding of the conductivity 

mechanisms in these films. 

 

Figure1: XANES for SnO2 powders doped  

with 1% Ce
3+

,  treated at different temperatures 

 

Figure 2 brings EXAFS results of SnO2 powders doped with different concentrations of 

Eu
3+

, treated at 1000
o
C by 6 hour, compared to samples without thermal annealing (as prepared). 

Generally speaking, there is a tendency for the annealed samples to present larger crystallites when 

compared to the as prepared samples. However there is no significant difference when the several 

Eu
3+

 concentrations are compared. Simulation data with the Artemis program yield that the atoms 

of the first shell (O) are practically equivalent in number and distance from the absorbing atom in 

the single crystal. Besides, there is an 

increase of neighboors in the second shell 

(Sn) in the annealed samples compared to 

the as-prepared materials. A slight 

increase in the number of third neighboors 

(Sn) is observed with the increase of the 

Eu doping, which means that somehow 

the presence of Eu stabilizes the lattice, 

decreasing the number of vacancies, 

similar to low concentrations of Ce [9]. A 

complete calculation on the RE Eu
3+

, Er
3+

 

and Ce
3+

 doped SnO2 thin films as well as 

powder samples are in progress and shall 

be published opportunely. 

Figure 2: Fourier transform of EXAFS oscillations in   

the k space to the R space for Eu
3+

-doped SnO2 with  
different concentrations. 

References 

[1] E A Morais and L V A Scalvi. J. Eur. Cer.  Soc.  27, 3803 (2007) 

[2] E A Morais, S.J.L. Ribeiro, L V A Scalvi, C V Santilli, L. Ruggiero and S H Pulcinelli J Alloys and 

Comp. 344, 217 (2002) 

[3] S. Coffa, G. Franzo, F. Priolo, A. Polman, and R. Serna, Phys. Rev. B 49, 16313 (1994). 

 [4] G. E. S. Brito, S. J. L. Ribeiro, V. Briois, J. Dexpert-Ghys, C.V. Santilli and S.H. Pulcinelli, J. Sol-Gel 

Sci. Technol. 8, 261 (1997) 

[5]  E A Morais, L V A Scalvi, A. Tabata, J.B. B Oliveira S. J. L. Ribeiro, J Mat. Science  43, 345 (2008) 

[6] V. Geraldo, L V A Scalvi, C. V. Santilli and V. Briois, V. X-ray absorption study of Sb-doped SnO2 thin 

films prepared by sol-gel dip-coating method, Hasylab report 2004   

[7] V. Geraldo, V. Briois, L.V.A. Scalvi and C.V. Santilli, J. Eur. Cer. Soc. 27, 4265 (2007) 

[8] R D Shannon and C T Prewitt, Acta Cryst. B 25, 925 (1969) 

[9] M. A. L. Pinheiro, T. F. Pineiz, E. A. Morais, L. V. A. Scalvi, M. J. Saeki and A. A. Cavalheiro, Thin 

Solid Films 517, 976 (2008) 

5670 5740 5810 5880

0

2

4
 n

o
rm

a
liz

e
d

 χ
µ

 (
Ε

) 
 

energy (eV)

 1000
O
C

 200
o
C

 550
o
C

As prepared

SnO
2
:1%Ce

3+

5727eV (Ce
3+

)

5738 eV (Ce
+4

)

-243-



X-Ray Absorption Investigation of NaYF4:Yb3+,Er3+  
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In photon up-conversion, low energy radiation (NIR) is converted to higher-energy light [1] using different 
combinations of an R3+ (rare earth) sensitizer (e.g. Yb, Er and Sm) and activator (e.g. Er, Ho, Tm and Pr). 
The up-conversion process has attracted interest in the fields of lighting and display technology as well as in 
infrared quantum counters [1]. Nanomaterials with efficient up-conversion luminescence are also very 
attractive reporters in quantitative all-in-one whole blood immunoassays [2]. Usually, the up-converting 
luminescence materials are homogeneous systems, but recently the core-shell structures, i.e. layer materials 
where the shell is grown on the surface of the core, have been reported to improve the up-conversion 
efficiency by enhancing the energy transfer from the sensitizer to the activator [3,4].  

In this work, the valence and environment of Yb3+ and Er3+ in the homogeneous NaYF4:Yb3+,Er3+ (xYb: 0.17, 
xEr: 0.03) and core-shell type NaYF4:Yb3+-NaErF4 (xYb: 0.18) up-conversion luminescence materials were 
studied by XANES and EXAFS measurements using the beamline C at HASYLAB (DESY, Hamburg, 
Germany). The measurements were carried out both at 10 K and room temperature in the fluorescence mode 
using a Gresham Sirius 7 pixel Si(Li) detector. Both materials studied possessed the hexagonal crystal 
structure with the space group P 6  (No. 174, Z: 1.5) [5]. 

The materials studied were prepared at 400 oC in a N2 + 12 % H2 atmosphere [4]. The reducing conditions 
may affect the valences of Er and Yb. Especially, the Yb3+ ion may be reduced to Yb2+. However, the 
XANES data indicated only the trivalent form for both erbium and ytterbium in both materials. This was 
suggested by the single white lines peaking on the absorption edges (Fig. 1). The divalent forms would have 
been observed as white lines ca. 8 eV below the trivalent ones [6], but not a trace of such signals was 
detected. Trivalency was anticipated, since the Yb and Er dopants are expected to replace the Y3+ ion in the 
NaYF4 host as well as the fact that both Er and Yb were trivalent in the starting materials.  

 

 

 

 

 

 

Figure 1: Er(LIII) and Yb(LII) edge XANES spectra for NaYF4:Yb3+,Er3+ and NaYF4:Yb3+-NaErF4 at 10 K. 

In the hexagonal NaRF4 structure [5], there are three cation sites (CN: 9) that are all similar in size. One site 
is statistically occupied by Na+ and R3+ with a 50 % occupation for both ions. The two other sites are 
suggested to be ordered with Na+ ions in one and R3+ in the other. Considering the spatial requirements, Yb3+ 
and Er3+ can reside in any (or all) of the three sites if they enter the NaRF4 lattice. However, substituting for 
Y3+ should be more plausible due to matching charges. In that case, no problems with solid solubility are to 
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be expected due to the similar sizes of Y3+, Er3+ and Yb3+. The formation of a core-shell structure, on the 
other hand, may be more difficult and its existence should be verified. 

The distance distributions obtained from the EXAFS data using the EXAFSPAK program [7] indicate that 
the surroundings of both Er3+ and Yb3+ are as calculated from structural data for the homogeneous hexagonal 
NaRF4 structure (Fig. 2) [5], i.e. Er3+ and Yb3+ have not formed separate phases as e.g. oxides. It is not 
possible to deduce which cation sites are occupied, however. In the core-shell material, the shell Er-F 
distance (ca. 2.32 Å) is shorter than the core Yb-F or the Er-F and Yb-F (ca. 2.35 for all three) for the 
homogeneous material. Assuming a complete solid solubility, the average radius [8] of the R3+ ions for the 
homogeneous material and the core should be 1.07 whereas 1.06 Å is expected for the shell. The results may 
thus indicate that a core-shell structure has been formed. However, the differences in the distances are very 
small and a fit of the experimental data against that calculated from the crystal structure must be carried out 
to give a more quantitative view on the distances and their deviations. 

 

 

 

 

 

 

Figure 2: Distance distributions obtained from the Er(LIII) and Yb(LII) edge EXAFS data for 
NaYF4:Yb3+,Er3+ and NaYF4:Yb3+-NaErF4 at 10 K. All data is corrected for the phase shift. The bars denote 

for the distances calculated for the three cation sites from the crystal structure. 

Unfortunately, the latest (July 2009) beamtime at the C was plagued with a lot of instrumental difficulties. 
These included the complete loss of power in the DORIS III ring for a total of three days, malfunction of the 
motor moving the sample holder vertically, as well as the software causing the measurements to stop 
frequently at random points due to segmentation faults. Nevertheless, measurements were also made for 
ZrO2:(Y3+,)Yb3+,Er3+ up-conversion luminescence materials. The data treatment and analysis is currently in 
progress. The results will be published promptly in appropriate international journals. 

Acknowledgments 
This work was supported by the European Community - Research Infrastructure Action under the FP6 

Structuring the European Research Area Programme, RII3-CT-2004-506008 (IA-SFS). Financial support 
from the Turku University Foundation, Jenny and Antti Wihuri Foundation, Finnish Funding Agency for 
Technology and Innovation (Tekes), and the Academy of Finland (through contracts 117057 (2000) and 
123976 (2006)) are gratefully acknowledged, as well. 
 

References 
[1] F. Auzel, Chem. Rev. 104, 139 (2004). 
[2] K. Kuningas, T. Rantanen, T. Ukonaho, T. Lövgren, and T. Soukka, Anal. Chem. 77, (2005) 7348. 
[3] H.-X. Mai, Y.-W. Zhang, L.-D. Sun, and C.H. Yan, J. Phys. Chem. C 111, 13721 (2007). 
[4] I. Hyppänen, J. Hölsä, J. Kankare, M. Lastusaari, L. Pihlgren, and T. Soukka, J. Fluoresc. (2010), 

submitted. 
[5] D. Zakaria, R. Mahiou, D. Avignant, and M. Zahir, J. Alloys Compd. 257, 65 (1997). 
[6] J. Hölsä, T. Laamanen, M. Lastusaari, M. Malkamäki, E. Welter, and D.A. Zajac, Spectrochim. Acta 

B (2010), in press. 
[7] G.N. George and I.J. Pickering, EXAFSPAK, A Suite of Computer Programs for Analysis of X-Ray 

Absorption Spectra, SSRL, Stanford University, Stanford, CA, USA, 1993. 
[8] R.D. Shannon, Acta Cryst. A 32, 751 (1976). 

1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5

0

1

2

3

4

5

R:

Homogeneous

R

R-NaR-R/Na

NaYF4:Yb3+- NaErF4

 

 

Tr
an

sf
or

m
 M

ag
ni

tu
de

Distance from R / Å

NaYF4:Yb3+,Er3+

Core-shell

Er

Yb

Er

Yb

R/Na-F

Na site
Na/R

-245-



Twin structure configuration change in LSGM
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The aim of our investigations was to study the arrangement and distribution of twin boundaries
during mechanical and thermal treatment in order to examine the reversibility of larger ferroelastic
crystal plates (5x5x0.5 mm3). In the selected plate of La0.95Sr0.05Ga0.9Mg0.1O3-x (LSGM) with
thickness of 0.5 mm a submicron twin structure was abundant. Diffraction studies were performed
using white synchrotron radiation and the Kappa-diffractometer, beamline F1 at HASYLAB, DESY
in Hamburg. Using a MAR CCD-detector system the orientation of individual domains (twins) was
determined. Scanning of the sample under the beam (0.05x0.05mm2) and collecting diffraction data
at each step 45 micron spatial resolution was used to map thin domain patterns in the LSGM plate
after mechanical as well as thermal treatment.

Analysis of Laue patterns collected in the same area of the plate has shown that the twin structure
changed after the treatments described above. For example, a chevron-like 4 domain configuration
was observed in 89% of the scanned area in the virgin sample, after grinding and polishing the plate
in 37% and after further heating/cooling in approximately 69% of the same sample area (fig. 1). It
was shown that before mechanical treatment mainly twin walls normal to the largest surface of the
plate occurred. The observed domain structure was partially switched to another twin configuration
with domain walls parallel to the surface or to certain domain states during polishing. After
annealing the domain configuration with prevalent domain walls normal to the largest plate surface
was fully restored. The mechanism of twinning under mechanical treatment is shown in fig. 2.

a b c
Figure 1: The part of scanned area of the plate (a) before treatment, (b) after grinding and polishing and (c)

after further heating/cooling.

Our results show that the specific chevron-like twin pattern allows for reproducibility of wall
configurations in heavy defect LSGM crystals. The stress can relax completely by forming phase-
specific domain wall configurations, and hence, reorientations occur during thermal cycling. This
feature may be of practical use as the preparation of electrolyte and electrode ceramics for SOFC
includes compaction during one of the synthesis stages. Compaction, however, leads to
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unidirectional mechanical stress. Ceramics of LSGM can be approximated by an ensemble of small
crystallites. Mechanical pressure imposed to such an electrolyte pellet causes the rearrangement of
the twin structure of “chevron cells” in ceramic grains along the direction parallel or nearly parallel
to the imposed pressure. Hence, such pressure will cause memory texturing of twin “chevrons” in
electrolyte layers along the direction of oxygen diffusion in the SOFC structure. Keeping in mind
the influence of twin walls on the conductivity and the high density of twin walls in LSGM solid
solutions [1], it is supposed that texturing of the twins, e.g. reorientation of “chevron cells”
increases the conductivity of the perovskite-type electrolyte LSGM along the cathode-anode
direction. The improved knowledge of twin distributions allows to tailor conductivity properties of
electrolyte materials.

a

b
Figure 2: Twinning of a plate under mechanical treatment: a) the crystal plate is glued to the metal cylinder;

b) the surface of the plate is simply fixed by hand.
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Eu K-edge EXAFS of Eu-doped oxide glasses 
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Lanthanide-doped glasses are crucial for fibre amplifiers and other optical applications. We are 
carrying out a theoretical study of the luminescence mechanism in Eu-doped glasses (see Figure 1) 
[1]. The Eu K-edge EXAFS data will give quantitative information on the local atomic environment 
of Eu ions, which is essential for validating our molecular dynamics (MD) models (see Figure 2) 
[2]. EXAFS measurements were carried out on approximately 20 samples of different Eu-doped 
oxide glasses (including sodium silicate, borate, borosilicate and germanate). As the Eu content is 
low (~1 mol% Eu2O3), and the local atomic environment is disordered (i.e. glass), approximately 
3-4 hrs per sample was needed (see Figure 3). The measurements were done in transmission using 
pellets (sample mixed with polymer). The data is now being analysed to determine Eu-O bond 
length and coordation number. Interestingly a Eu-O bond length of 2.31A, and coordination number 
of approximately 5 is seen for all samples, indicating that the local atomic environment of Eu does 
change.  Information about higher shells, e.g. Eu-Si, was absent due to the large static disorder.  

 

 

 

 

 

 

 

Figure 1: optical spectra of Eu-doped glass [1].  Figure 2: Eu ions in MD model of glass[2].            

 

 

 

 

 

 

 

Figure 3: Eu K-edge EXAFS. 
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WAXS Analysis of MWCNTs and its Composite in 
a PVDF Matrix  
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Introduction 
 
Small and wide angle X-ray diffraction  (SAXS/WAXS) were performed at HASYLAB 

DESY, beamline A2 where the wavelength of the X-rays was 0.15 nm and sample to 

detector distance in case of WAXS analysis was adjusted at 1 meter. Pure multiwalled 

carbon nanotubes (MWCNTs), poly(vinylene fluoride) (PVDF) and composite of PVDF 

with MWCNTs (0.1 wt %) were examined. PVDF and its composite with MWCNTs 

were in the form of films cast using dimethyl acetamide (DMAc) as solvent at 60°C. The 

conversion of pixel size to 2θ was calculated using polyethyleneterephthalate (PET) 

calibration curve and hence d (nm) values were calculated. 
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Fig. 1: WAXS analysis of pure MWCNTs, PVDF and PVDF nanocomposite. 
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Results 

 

For pure MWCNTs, a peak at 28° value of 2-theta was observed and value of d is 0.30 

nm, which is the spacing between the walls of MWCNTs. The diffraction pattern of pure 

PVDF samples show the spacing between the crystallite layers is 0.40 nm. The value of 

2-theta decreases to 20.7° in case of PVDF-MWCNTs, i.e., the value of d was calculated 

as 0.41 nm. From literature the values of 2-theta obtained for PVDF were 18.6°, 20.3° 

and 27°.1 The peak in the region of 18.6° was observed but the peak in the area of 27° 

was absent. The reported literature tells about the PVDF films which were prepared via 

phase inversion method but in this report the solution casting method was followed. The 

peak observed in case of MWCNTs at 28° is absent in composite film case which may be 

because of very low loading of MWCNTs (0.1 wt %). 
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The electronic and magnetic coupling between transition metal (TM) atoms diluted into oxides are 
not only sensitive to their valence state but are also affected by the crystal symmetry. This is 
particularly true for (Zn,TM)O based diluted magnetic oxides. Indeed, when Co2+ ions are 
incorporated in the ZnO lattice and substitute Zn atoms, long range, carrier-mediated coupling is 
expected, leading to ferromagnetism. On the other hand, when Co2+ precipitates into secondary 
rocksalt phases, TM ions are antiferromagnetically coupled via superexchange interactions. 

The aim of this work is to promote the thermal diffusion of thin (≈ 1nm) Co films into ZnO, to 
check if Co atoms are in a 2+ oxidation state and to identify if the crystal field around these TM 
ions is cubic (rocksalt precipitate) or tetrahedral (ZnO wurtzite structure). This identification of the 
crystal field was allowed by performing Hard X-ray Photoemission (H-XPS) and absorption 
spectroscopies (XAS) at beamline BW2.  

Figure 1a and 1b show XAS spectra of the Co K-edge from CoO and Co thin films grown on ZnO 
and annealed to 970 K (labelled ZnCoO in the following). As shown from this figure, the spectrum 
from the thickest ZnCoO film is close to that from CoO, while that from the thinnest ZnCoO is 
substantially different: feature C is broader and shifted and as seen in the inset (figure 1b), feature A 
is more intense. Feature A is a signature of quadrupole transitions which are mostly present in 
tetrahedrally coordinated Co2+. Similar observations from the XPS spectra (figure 1c to 1f): spin-
orbit splitting and charge transfer multiplet splitting are substantially larger in the case of CoO then 
ZnCoO. Nevertheless, the spectral lineshape from the thick ZnCoO film is somewhat closer to that 
from CoO. These observations from XAS and XPS spectra indicate the tendency to form rocksalt 
precipitates when the starting Co amount is larger. 

 

Figure 1: XAS and H-XPS spectra from a CoO single crystal and ZnCoO layers prepared by annealing a 
thin Co film to 970 K. (a) XAS Co K-edge spectrum, (b) inset of (a) showing the pre-edge feature. (c) Co 2p 

H-XPS spectra. (d), (e), and (f), insets of (c) showing different region of the Co 2p spectrum. 

In order to further investigate the effect of the crystal field on the XPS Co 2p spectral lineshape, we 
simulated the experimental spectra from CoO and ZnCoO by charge transfer multiplet calculations 
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using the CTM4XAS code [1]. As shown in Figure 2, the small differences observed in Figure 1c 
and 2a can be associated to the change in the crystal field symmetry. 

 

Figure 2: (a) Co 2p XPS spectra from CoO and ZnCoO. (b) and (c) charge transfer multiplet calculations of 
Co2+ in octahedral and tetrahedral crystal field together with the experimental Co 2p XPS spectra from CoO 

and ZnCoO respectively 
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Tin dioxide is a common material for the application as a sensitive component for resistive gas 
sensors, e.g. for the detection of toxic or explosive gases such as carbon monoxide (CO) or methane 
(CH4). The conductivity of a layer of tin dioxide changes upon exposure to oxidizing or reducing 
gases by surface-chemical reaction (so-called chemiresistors). Therefore it is beneficial that the 
sensitive layer is highly porous to achieve a high surface to volume ratio [1]. To enhance the sensor 
performance with respect to the sensitivity to relatively inert target gases like methane, finely 
dispersed, catalytically active noble metal clusters are frequently used. Since the true role of the 
noble metals and their interaction with the semiconductor are not entirely understood, our project 
aims to investigate especially the oxidation state of Pd clusters dispersed in a nanoporous SnO2 
matrix after different gas treatments simulating the sensors' operating conditions [2,3].  
Ordered nanoporous SnO2 was prepared by using a surfactant (CTABr) as a structure director as 
described elsewhere [4]. Samples were stabilized by a post-synthetic treatment with phosphoric 
acid (50 ml, 0.1 mol L-1). Alternatively, commercially available, non-ordered porous SnO2 (Merck) 
was used. 2 g of each sample were impregnated with a solution of 100 mg Pd(NO3)2 in 3 mL of 
water, stirred for two hours, and then dried at 70 °C in convection oven. The samples were heat-
treated at 600 °C in synthetic air for 100 hours to decompose the nitrate and to simulate ageing of 
the Pd clusters.  
Aim of this measurement period was to investigate a possible correlation of the oxidation state of 
the Pd with the aging effects observed during sensor operation. Long-term operation of the sensor 
at elevated temperatures (typically around 500 °C) without exposition to the target gas (methane) 
leads to aging effects of the material lowering the sensor response. This ageing can be reversed by 
extensive treatments with methane in air (e.g. 5000 ppm for 4 h).  
It was already shown that the above-described long term treatment leads to the oxidation of Pd(0) to 
Pd(II) [5,6]. To investigate the impact of re-reduction by methane under conditions comparable to 
the sensors operation, methane was offered at a concentration of 5000 ppm in synthetic air for 
different times (2 h, 17 h) at different temperatures (300 °C, 600 °C). For comparison the material 
was also treated with methane with nitrogen as carrier gas at 600 °C. 
The XANES at the Pd LIII edge was used as a probe for the oxidation state of Pd. Measurements 
were carried out at the E4 beamline in fluorescence mode using a Si diode. The oxidation state of 
Pd is correlated with the intensity of the "white line", i.e. the absorption peak originating from the 
transition from the 2p3/2 core level to unfilled 4d states [7,8], as well as with the fingerprint XANES 
region of the spectra.  

treatment white line intensity / %
After 100 h in synthetic air at 600 °C (oxidized state) 283 

After 1 h in 5000 ppm methane in N2 at 600 °C 214 
After 3 h in 5000 ppm methane in N2 at 600 °C 217 
After 6 h in 5000 ppm methane in N2 at 600 °C 222 

After 2 h in 5000 ppm methane in synthetic air at 600 °C 230 
After 17 h in 5000 ppm methane in synthetic air at 300 °C 251 

 
The intensities were determined by measuring the peak height of the spectra shown in the figure (in 
% relative to the Pd reference sample); they are listed in the table. The values represent a relative 
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measure for the oxidation state [7,8]. Contrary to the preceding measuring period, a reduction of the 
Pd(II) (i.e. a decrease of the white-line intensity) after methane treatment is observed. This is 
related to the different material used for gas treatments. The intensity changes significantly after the 
first hour of methane treatment in N2. Longer exposure does not lead to any further decrease of the 
intensity, indicating that full recovery of the catalyst is not possible by this treatment. We propose 
that this is caused by the SnO2 which acts as an oxygen reservoir for the catalytic clusters. At 
600 °C the lattice oxygen of SnO2 is known to have high mobility [9]. This partial reduction may 
lead to a sensor recovery since the decreased oxygen content of the Pd clusters will amplify the 
interaction of the catalyst with the SnO2. Applying more realistic conditions, i.e. offering methane 
in synthetic air (instead of nitrogen) leads to further decrease of the reduction effect. Apparently, 
oxygen present in the gas phase shifts the equilibrium of the reduction/oxidation of the catalyst 
particles towards oxidation. Lowering the temperature causes also a decrease of the reduction 
effect, even after long-time exposition for 17 hours.  

Figure: Pd LIII edge XANES spectra of stabilized non-ordered porous SnO2 
initially containing ca. 5 % wt Pd(0) clusters after methane treatment with carrier 
gases. 1: after ageing (283 %); 2: 1 h CH4 in N2 @ 600 °C (214 %); 3: 3 h CH4 in 
N2 @ 600 °C (217 %); 4: 6 h CH4 in N2 @ 600 °C (222 %); 5: 2 h CH4 in synth. air 
@ 600 °C (230 %); 6: 17 h CH4 in synth. air @ 300 °C (251 %); 7: Pd-Referenz 
(100 %). White-line intensities (denoted in % of intensity compared to the Pd 
reference in the spectrum label) are correlated with the oxidation state of Pd [7,8]. 
(Spectra are shifted for clarity.) 

In summary, treatment with methane leads to partial reduction of Pd(II). Contrary to treatment with 
CO in N2 no complete reduction to Pd(0) is achieved. Under realistic conditions only partial 
recovery of the catalytic clusters is possible. Further sensor measurements are planned to clarify if 
the observed effect is responsible for the sensor recovery measured earlier. 
We thank Dariusz Zajac and Edmund Welter at HASYLAB for their expertise and support at the 
beamline. 
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In situ XANES and EXAFS Study of Li2-xNiTiO4 cathode 
material for Li-ion batteries  

M. Kuezma1, I. Arčon2,3, R. Dominko1,  M. Gaberšček1,4, A. Kodre5,3, J. Padežnik Gomilšek6, 

1National Institute of Chemistry, Hajdrihova 19, SI-1000 Ljubljana, Slovenia, 
2University of Nova Gorica, Vipavska 13, SI-5001 Nova Gorica, Slovenia  

3J. Stefan Institute, Jamova 39,, SI-1001 Ljubljana, Slovenia 
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 5Faculty of Mathematics and Physics, University of Ljubljana,  Jadranska 19, SI-1000 Ljubljana, Slovenia  
6Faculty of Mechanical Engineering, University of Maribor, Smetanova 17, SI-2000 Maribor, Slovenia 

In-situ x-ray absorption spectroscopy (XAS) was used to obtain direct information on Ni valence 
state and local environment of Ni cations in the crystal structure of Li2-xNiTiO4 The material, 
recently synthesized in our laboratory via a patented citrate-precursor method [1], possesses almost 
all the desired properties to become perfect cathode material for high energy density Li-ion 
batteries in the future. The in-situ XAS measurements allowed detailed monitoring of structural 
changes and changes of Ni oxidation state in the electrode material during Li-ion extraction and 
insertion in the process of charging and discharging of the battery.   

Ni K-edge absorption spectra of the Li2-xNiTiO4 cathode material samples were measured at room 
temperature in transmission detection mode at beamline E4 of HASYLAB, using a Si(111) double-
crystal monochromator with about 1.5 eV resolution at  8 keV. Higher-order harmonics were 
effectively eliminated by a flat Au coated mirror and by detuning the monochromator crystals to 
60% of the rocking curve maximum, using the beam-stabilization feedback control. The beam was 
focused by a toroidal Au coated mirror. The beam size on the sample was 6 mm x 1 mm. The 
intensity of the x-ray beam was measured by three consecutive 10 cm long ionization detectors 
filled with Ar at the preasure of 90 mbar,  600 mbar and 770 mbar; respectively.  The absorption 
spectra were measured within the interval [-250 eV to 1000 eV] relative to the Ni K-edge. In the 
XANES region, equidistant energy steps of 0.3 eV were used, while for the EXAFS region, 
equidistant k-steps (Δk ≈ 0.03 Å-1) were adopted, with an integration time of 1s/step. In all 
experiments the exact energy calibration was established with simultaneous absorption 
measurement on 5-micron thick Ni metal foil (Ni K-edge 8333.0 eV) placed between the second 
and the third ionization chamber. Absolute energy reproducibility of the measured spectra was 
±0.03 eV. 

The samples were prepared in the form of half-batteries with the total absorption thickness (μd) of 
about 2 above the investigated Ni K-edge. The half battery was mounted on a sample holder 
between the first and the second ionization detector. The XAS spectra were measured initially on 
as-prepared sample then in continuous repetitions during the first cycle of charging (520 minutes) 
and discharging (535 minutes) of the battery with a current density corresponding to C/6. The 
measuring time for each spectrum was 30 minutes, so that 37 XANES and EXAFS spectra were 
collected.  

Absorption spectra of some reference nickel compounds with known Ni valence state and structure 
(Ni acetate, NiO) were recorded for comparison. The reference samples were prepared from 
micronised powders of the Ni compounds homogeneously mixed with micronised BN powder and 
pressed into homogeneous pellets with the total absorption thickness of about 1.5 above the Ni K-
edge.       
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Figure 1: Normalized Ni K-edge XANES spectra of of Li2-xNiTiO4 sample during the process of charging 
(oxidation) (left) and discharging (reduction) (Right). 

Ni K-edge XANES spectra from the series obtained during first charge/discharge cycle are shown 
in Fig. 1. A gradual shift of the edge to higher energies is clearly visible during first 230 minutes of 
battery charging (fig 1 left). In the process of battery discharging (Fig 1 right) a gradual shift of the 
edge back to the initial energy value is detected. The results therefore indicate that the changes of 
Ni valence state and symmetry are reversible in one cycle. 

The Ni-K edge EXAFS spectra from the series obtained during the first charge/discharge cycle 
reveal the contributions of individual shells of atoms around Ni. The spectra show significant 
structural changes only in the nearest oxygen coordination shell around Ni cations during 
oxidation. During the first cycle of reduction the structural changes are not completely reversible. 
The cathode material does not return to the structure of the as-prepared sample. 
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XANES at the Mn K-edge of the GaSb Crystals 
Implanted with Low Energy Mn Ions  

A. Wolska, K. Lawniczak-Jablonska, M.T. Klepka, A. Hallen1, and D. Arvanitis2  

Institute of Physics PAS, al. Lotników 32/46, 02-668, Warsaw, Poland 
1Royal Inst. of Technology, Dept. of Microelectronics and Applied Physics, P.O. Box Electrum 226, SE 164 40 Kista, 

Sweden 
2Physics Department, Uppsala University, Box 530, 75121 Uppsala, Sweden 

 

Heterostructures created by introducing ferromagnetic inclusions in a semiconductor matrix seems 
to be very promising for spintronic applications. In order to obtain them, usually the MBE method 
is used. However, it was found that nanosized MnAs ferromagnets buried in GaAs can be obtained 
also by Mn ion implantation into GaAs wafers. Other types of inclusions like MnSb, also show 
promising magnetic properties at room temperature. Since the implantation method is well 
established, cheaper and easier to carry out within the industrial production process, it would be 
important to find an optimal way of producing the MnSb inclusions with the desirable properties by 
Mn ions implantation as it has been done in the MnAs case. 

In this report we focus on the GaSb (100) crystals implanted with Mn ions. The implantation energy 
was equal to 10 keV and the doses of Mn ions were 1x1016 Mn/cm2, 2x1016 Mn/cm2 and 3x1016 
Mn/cm2. After the implantation all samples were annealed in a vacuum furnace at 650ºC for 10 
min.  

X-ray Absorption Near Edge Structure (XANES) measurements at the K edge of Mn were 
performed at A1 and E4 stations at liquid nitrogen temperature in a fluorescence mode using a 7-
element silicon detector.  
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Figure 1: XANES measurements at the 
manganese K edge of the samples implanted 
with different doses. 

Figure 2: Normalized XANES spectra of the 
investigated samples and MnSb standard. 
Spectra are shifted vertically for clarity. 

 

Figure 1 shows the XANES spectra for samples implanted with different doses. Increase of the 
absorption jump for the higher doses is consistent with the higher Mn concentration. In Figure 2 the 
same spectra but after normalization are presented. Their shapes are very similar which suggests 
that Mn atoms are located in the similar positions independently of the dose. Comparison with the 
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spectrum of the standard MnSb sample excluded possibility of MnSb formation in the implanted 
samples.  
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Figure 3: Experimental XANES spectrum 
versus FEFF8.4 calculations for substitutional 
Mn positions in the GaSb matrix. Spectra are 
shifted vertically for clarity. 

Figure 4: Experimental XANES spectrum versus 
FEFF8.4 calculations for interstitial Mn positions 
where Ga or Sb are chosen as the nearest 
neighbours (NN). Spectra are shifted vertically 
for clarity. 

 

In order to facilitate XANES analysis, the ab-initio calculations using FEFF 8.4 code [1] were 
carried out. This kind of approach is very helpful in cases when the localization of a dopant is 
considered and the standard samples don't exist. Figure 3 presents theoretical XANES spectra 
calculated for Mn substituting Ga (MnGa in GaSb) or Sb (MnSb in GaSb). The shapes don't agree 
with the experimental spectrum, therefore, we can conclude that Mn atoms are not located in the 
subtitutional positions in the GaSb crystal. Several Mn interstitial positions were also considered in 
the calculations. Figure 4 presents two examples where Ga or Sb are chosen as the nearest 
neighbors (NN). None of the models based on GaSb structure provided acceptable results. 

Formation of the MnSb inclusions in the GaSb substrates during Mn ion implantation was not 
achieved. What's more, the Mn atoms are not located in the GaSb matrix. In order to obtain more 
information about the Mn neighborhood in the investigated samples, EXAFS analysis is required. 

This work was partially supported by national grant of Ministry of Science and High Education 
N202-052-32/1189. The research leading to these results has received funding from the European 
Community's Seventh Framework Programme (FP7/2007-2013) under grant agreement n° 226716. 
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The new dilatometer at HARWI II 
Volume changes in a Ti-43Al alloy due to phase 

transformations 
Andreas Stark, Michael Oehring, Florian Pyczak, Thomas Lippmann 

Institute of Materials Research, GKSS Research Centre, 21502 Geesthacht, Germany 

Dilatometry and differential scanning calorimetry (DSC) are important experimental techniques 
in material science which allow the in-situ identification of phase transformations, during 
heating/cooling, due to volume changes and heat capacity changes, respectively. However, these 
methods reach their limits with multiphase materials, e.g. TiAl alloys, because signal changes can 
be caused by various transformations. On the other hand, an indirect derivation of transformation 
temperatures by measuring quenched samples with X-ray diffraction (XRD) is not always 
possible, because some transformations cannot be suppressed even by quenching. Since very 
recently, a dilatometer DIL 805A/D (Bähr-Thermoanalyse GmbH), especially modified for 
measuring at the GKSS beamline HARWI II (Fig. 1), allows to combine these different methods 
(XRD, dilatometry and DSC). With this new sample environment, changes in phase constitution 
and length can be recorded simultaneously by diffraction and dilatometry, respectively, during 
different heating/cooling rates up to 1500 °C with a high resolution in temperature. Additionally, 
the dilatometer is equipped with a special DSC measuring head (max. 1400 °C) and a quenching 
measuring head which enables quenching rates up to 2500 K·s–1 with hollow samples. 

First test measurements with the dilatometer in 
the beam were performed in October 2009 with 
intermetallic γ-TiAl based alloys. These alloys 
are a class of novel, light-weight structural 
materials with attractive mechanical properties 
for advanced high temperature applications. Due 
to their low density (4 g/cm3), high strength up 
to 800 °C and good oxidation resistance they 
have the potential to replace the heavier Ni 
based superalloys (8 g/cm3) in aero engine and 
industrial gas turbines. Conventional titanium 
aluminide alloys consist of tetragonal γ-TiAl 
(L10 structure; P 4/m m m) and small amounts 
of hexagonal α2-Ti3Al (D019 structure; 
P 63/m m c). In order to improve their 
workability as well as their mechanical 
properties various elements can be alloyed. 
These additional alloying elements can also 
promote the formation oft ternary intermetallic 
phases. The exact path ways of formation and 
transformation of these phases are not fully 
understood up to now [1]. 

Figure 2 shows first results of the test 
measurements. An as-cast Ti-43Al (composition 
in at.%) sample, 5 mm in diameter and 10 mm 
in length, was inductively heated in Ar 
atmosphere up to 1200 °C and subsequently 
cooled, in each case with a rate of 40 K·min–1. 

Figure 1: The dilatometer DIL 805A/D at the 
beamline HARWI II (beam coming from the 

right). Insert: Interior of the measuring chamber; 
viewing direction parallel to the beam direction.
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In order to penetrate the relatively thick material high-energy x-rays are required. A beam with a 
photon energy of 100 keV and a cross section of 1 x 1 mm2 was chosen. The diffraction rings 
were recorded with the Mar555 flat panel detector every two minutes. 

 

Figure 2: Development of the diffraction patterns and elongation with temperature and time in as-cast  
Ti-43Al. The patterns are obtained by azimuthal integration of the diffraction rings; the intensity is  

coded in grayscale; q = 2π/d = 2π·(2sinθ/λ). All reflections are attributed to their phases. 

In the beginning of the measurement, only reflections of α2 occur, as shown in figure 2. This 
indicates that the single phase high-temperature state was frozen due to a high cooling rate after 
casting. At about 800 °C additional reflections of γ appear. At that temperature, diffusion 
becomes relevant. Thus, the metastable α2 decomposes to α2+γ lamellar colonies [2]. At the same 
time, the thermal expansion significantly changes. Initially the smaller volume of the currently 
formed γ compensates for the thermal expansion of the sample. During further heating, the 
ordered hexagonal α2-Ti3Al transforms to disordered hexagonal α-Ti(Al) (A3 structure; 
P 63/m m c), indicated by the vanishing superlattice reflections. Subsequently γ starts to transform 
to α, and, as a consequence, the thermal expansion rate increases. This behavior proceeds 
reversely during cooling. However, due to the slow cooling rate, Ti-43Al remains two-phase 
down to room temperature. 

In a following research project it is of major interest to study the formation and transformations 
of ternary phases in TiAl alloys of more complex composition and their influence on internal 
stress due to volume changes during heat treatments. 
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Development of Phenol-Formaldehyde based Carbon 
Xerogels 

C. Scherdel, G. Reichenauer 
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Am Hubland, 97074 Würzburg, Germany 

Organic gels as precursors for porous carbons are mostly basing on aqueous, base catalysed 
resorcinol-formaldehyde (RF) solutions. We completely changed the reactant system, applying the 
low cost precursors phenol and formaldehyde with n-propanol as solvent and HCl as catalyst [1]. 
Whereas other research groups still have to use supercritical or freeze drying [2, 3], we were able to 
convectively dry the organic wet gels at ambient pressure without prior solvent exchange; this 
procedure is a great advance in simplifying the production process. After pyrolysis of the organic 
xerogels, carbon xerogels are obtained; these synthetic porous carbons were the focus of our 
investigations.  

The derived amorphous porous carbon xerogels are suitable for many applications such as high 
temperature thermal insulations, IR opacifying agents, monolithic adsorbers with well defined 
shape and size, catalyst supports or as electrode components in electrochemistry e.g. for supercaps. 
Each of these applications requires carbon materials with specific structural properties. Depending 
on the intended application, porosity in general, micropores (dpore < 2 nm), mesopores 
(2 nm < dpore < 50 nm), macropores (dpore > 50 nm), specific surface area, particle size and 
combinations thereof have to be optimized. One mighty tool to gain information on many of these 
structural properties is small-angle X-ray scattering (SAXS); the carbons developed were 
investigated with SAXS at the SAXS-beamline B1 at HASYLAB. 

To optimize the system under investigation for any of the listed applications, good knowledge of the 
structure formation [1, 4], as well as the relationship between the sample properties and the 
synthesis parameters is mandatory. In Scherdel and Reichenauer [1] we identified some underlying 
trends, that link the morphology of the samples and the synthesis parameters (P:C; M; F:P). Hereby, 
P:C is the molar ratio of phenol to the catalyst (here HCl), M represents the mass concentration of 
the reactants (phenol and formaldehyde) in the initial solution and F:P is the molar ratio of 
formaldehyde to phenol. Unfortunately, F:P can not be varied, because for values F:P > 2 phase 
separation of ionized hemiformal proceeds [1]. Out of the variation of the synthesis parameters, we 
identified a parameter set of P:C = 3, M = 25 and F:P = 2 to be particularly interesting in terms of 
low density, high specific surface area and relevant mesoporosity [1]. To get a more complete and 
detailed information on the developed system, we pursued our previous studies synthesizing new 
sample series and characterizing the carbon derivatives at the SAXS-beamline B1.  

Figure 1a shows the scattering curves of a sample series with fixed synthesis parameters M = 20, 
F:P = 2 and variation of P:C between 1.5 and 4.5. At small scattering vectors q, a bending of the 
scattering curve occurs, that verifies the existence of a scattering entity at about 10 nm size. The 
bending lowers its scattering intensity and shifts to larger q-values with increasing P:C-ratio. Due to 
Babinet’s principle further knowledge of the material properties is required to determine, whether 
this scattering characteristic is correlated to solid primary particles, pores or both in case their sizes 
are on the same scale.  

For evaluation of the bending, we chose the two-phase model (TPM) according to Debye [5]:  

 

Hereby, ℓ denotes the average chord size (correlation length) of the two phases in the sample. If the 
evaluated correlation length ℓ is plotted over the P:C-ratio, Figure 1b shows, that ℓ decreases with 
increasing P:C-ratio. However, in contrast, to the correlation length, the macroscopic density of the 
samples increases with increasing P:C-ratio. Furthermore, the micropore shoulder at large q-values 
in Figure 1a stays almost constant, indicating that the micropore volume as well as the microporous 
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carbon entity density of the samples are almost unchanged. The scattering in the Porod range varies 
by a factor of two max.; therefore the external surface area of the microporous carbon entities and 
also the external surface area varies maximal by a factor of two. 

Combining the obtained information, i.e. a rather small variation of the external surface area and an  
increase in density (that means that the volume fraction of pores decreases with increasing P:C-ratio 
and thus the correlation length decreases with increasing P:C-ratio) yields only one possible 
conclusion: The bending correlated scattering entities for the PF based carbons are the pores or 
dominated at least by the pores rather than the solid primary particles. This conclusion is in contrast 
to the established interpretation of porous carbon aerogels and xerogels derived from resorcinol and 
formaldehyde. There, deduction leads to the conclusion, that a bending at small scattering vectors is 
always connected to the primary particle size, as the volume fraction of pores has a much higher 
extent than the solid one.  

For the development of the new synthesis route, small-angle X-ray scattering provided two essential 
informations: First, it is important to get information on the structure formation on the nanoscale of 
our phenol-formaldehyde gels. We therefore measured the development of the structure during the 
sol-gel-process as well as the convective drying in-situ with SAXS [4, 6]. Second, SAXS is very 
suitable to screen many samples to deduce a relationship between the structural properties and the 
synthesis parameters. 
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Figure 1: a) Scattering curves of a series of carbon samples with variation of the P:C-ratio. b) Correlation 
length ℓ and macroscopic density plotted over the P:C-ratio. Note the opposite trends and the steep 

changeover between low and high density due to small variations in the synthesis parameters between P:C = 
1.5 and 2.5. 
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Thermal expansion behaviour of 
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During our extensive studies on borophosphates and biomimetic apatite composites the metaborate 
[BO2]¯ ion has not been observed so far. The only examples of single crystal structure 
determinations reporting the presence of [BO2]¯ are the apatite-type structures Sr9.402Na0.209(PO4)6 
(B0.996O2) [1] and Ca9.64(P5.73B0.27O24)(BO2)0.73 [2]. As a first step we reduced the chemical system 
to the ternary system SrO-B2O3-P2O5 by avoiding the alkali metal component, and a strontium 
phosphate orthoborate metaborate Sr10[(PO4)5.5(BO4)0.5](BO2) was synthesized. 
Sr10[(PO4)5.5(BO4)0.5](BO2) is a derivative of the apatite crystal structure. The linear [BO2]¯ units 
are located within the channels formed by Sr ions, which run along the three-fold inversion axis. 

Low temperature PXRD between 20 K and 290 K of the compound Sr10[(PO4)5.5(BO4)0.5](BO2) 
obtained by solid-state reaction at 1423 K for 8 h was conducted at beamline B2 at HASYLAB 
(Debye-Scherrer geometry, 0.7 mm capillary, λ = 0.526545 Å). Thermal expansion coefficients 
were determined from the variation of lattice parameters with temperature, which were obtained by 
full pattern profile fitting using the model from single crystal structure determination [3]. Linear 
regression between 93 K and 289 K yielded a slope which was divided by the respective value at 93 
K. 

For the lattice parameter a and c the linear thermal expansion coefficients 1.05(±0.03)×10-5 K-1 and 
7.1(±0.4)×10-6 K-1, respectively, were obtained for the range from 93 K to 289 K (Figure 1). The 
volume thermal expansion coefficient amounts to 2.8(±0.1)×10-5 K-1 which is similar to the high 
temperature thermal expansion studies on calcium apatite compounds [4] (first order coefficients 
2.4(±0.1)×10-5 K-1 for Ca5(PO4)3OH from room temperature up to 1235 K and 3.4(±0.1)×10-5 K-1 
for Ca5(PO4)3F from room temperature up to 1180 K). No phase transition was observed down to 
12 K. 
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Figure 1: Temperature dependence of the lattice parameters of Sr10[(PO4)5.5(BO4)0.5](BO2) and the unit cell 
volume of a powdered sample obtained at 1423 K by solid-state reaction: Linear thermal expansion 

coefficients determined between 93 K and 289 K for a and c and the volume thermal expansion coefficient 
are given. 
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The intrinsic and Eu2+-related luminescence were investigated in nominally undoped and Eu2+ 
doped alkali-metal sulfide phosphors at Superlumi station at HASYLAB in 2009 in framework of 
II-20090087 project. The materials were prepared via solid-state reactions as reported in our earlier 
paper [1], comprising doped and nominally undoped calcium sulfide (CaS), strontium sulfide (SrS), 
and solid solutions calcium strontium sulfides (Ca1-xSrxS, x = 0 – 1.0). Their photoluminescent 
properties were studied under vacuum UV excitation in 334-50 nm range at 300 K and 10 K.  

Emission spectra. Strong 5d-4f emission of Eu2+ was observed from all doped samples, while 
weak emission was also observed for nominally undoped ones due to a trace amount of Eu which is 
introduced during the sample preparation. Emission maxima under 90 nm excitation above band gap 
of all studied materials are summarized in Table 1. The shift of the maxima upon increasing 
concentration of Sr in the host lattice is observed due to the increasing of the crystal field strength 
[1]. A thermally induced broadening of the emission band and its red shift is well observed at 300 K.  

Table1. Emission maxima of nominally undoped and doped with 3 mol % Eu sulfide phosphors at RT and 10 K. 

CaS CaSrS SrS Temperature doped undoped doped undoped doped undoped 
300 K 658 648 640 630 623 619 
10 K 660 653 640 640 623 619 

 
As shown in figure 1, beside the main Eu2+ luminescence, emission peaks at 395 nm and 486 nm 
are observed from undoped CaS, while 401 nm and 490 nm from undoped CaSrS at 10 K, which 
are believed to have the same origin due to their similar position. However, the intensities relative 
to that of trace Eu2+ emission are dramatically different as shown in figure 1a and b. The origin of 
these two peaks will be discussed later based on their excitation spectra. Vibronic structure with 
intense zero-phonon lines (see figure 1a) appears on emission bands as observed for nominally 
undoped CaS excited by 90 nm at 10 K, similar to reported results [2, 3]. However, they are not 
seen in mixed host lattice of CaSrS due to the overlapping of emission spectra of Eu ions with 
different ligand environment. 
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Fig.1 Emission spectrum of CaS:Eu (a) with elongation of the emission bands in the blue and red ranges and nominally 
undoped CaSrS (b) under excitation at 90 nm (1) and 300 nm (2) at 10 K 
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2. Excitation spectra.  Figure 2 shows the excitation spectra detected at emission peaks 
corresponding to figure 1 observed from both doped and nominally undoped CaS and CaSrS 
phosphors. In figure 2a, similarity can be clearly observed between the excitation curves for the 
intrinsic (395-400 nm) and Eu2+ (640-750 nm) emission in nominally undoped samples (black and 
blue lines) in the 225-275 nm wavelength range (two characteristic peaks at 256-258 (~ 4.81 eV) 
and 238-239 nm (~ 5.22 eV). Most probably, these peaks have the excitonic origin. The position of 
these peaks indicates the onset of exciton absorption in studied materials. Apart that, the position of 
these bands indicates that the band gap value for CaS of about 4.4 eV and 4.3 eV of SrS [4] must be 
significantly correlated. The broad band peaked around 275 nm in both samples and overlapped 
with the range of exciton absorption is related to the excitation of Eu2+ luminescence.  

Referring to excitation spectrum for 395 nm emission for CaS and 401 nm emission for CaSrS, the 
position of two excitation peaks in exciton range presupposed to be excitonic origin of this 
emission. The relatively higher intensity of this emission in CaSrS sample (Fig.1) in comparison 
with CaS sample leads to the conclusion that such excitonic emission is much effective in CaSrS 
due to the ion size difference between Ca and Sr ions. The sharp increasing intensity of emission 
below 100 nm is due to the multiplication of electronic excitation in studied hosts.   

Apart low-intensity excitation band in the exciton range another band peaked in 292-300 nm range 
are observed in the excitation spectra of 486-490 nm emission in undoped samples. The weakness 
of excitation around 275 nm for this luminescence means that these emission peaks are neither 
related Eu2+ doping. Considering the position of excitation peak for both samples around 295 nm, 
this luminescence could be attributed to intrinsic defects or trace impurities of identical nature such 
as Cu, which were introduced during the sample preparation. The lack of emission peak at 486 nm 
and 490 nm for intentionally doped CaS and CaSrS at room temperature (not shown here) further 
proves that there is energy transfer process between this trace dopant and Eu2+ ions. The low 
intensity of doped samples at this wavelength (figure 1a and b) also supports this assumption.  
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Figure 2. Excitation spectra of emission peaks observed from both doped (3 mol %) and nominally undoped 
 CaS (a) and CaSrS (b) phosphors at 10 K 
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We have reported formerly about luminescence properties of sol gel films of the 85GeO2−10Eu2O3−5Au 
composition annealed at Tann = 700°C [1]. However, expected multiple increasing of luminescence intensity 
of the Eu

3+
 ions caused with plasmon resonance of gold nanoparticles was not observed for this series of 

samples. Then, we have carried out investigation of thermal annealing and concentration effects on the 
spectral-luminescent properties of gel-films based on the GeO2 co-doped with europium and gold. The 
favourable conditions of thermal annealing of the films and concentrations of the co-dopants, which give 
multiple rise of intensity of the Eu

3+
 ions luminescence, were founded [2].  It has been established that 

samples of the 87GeO2−10Eu2O3−3Au composition annealed at Tann = 800°C show multiple increase of the 
Eu

3+
 luminescence intensities compared with samples of the 90GeO2−10Eu2O3 composition (Fig. 1). In this 

paper, we study peculiarities of excitation of luminescence of the Eu
3+

 ions and gold nanoparticles in the 
latter group of samples. 

The films were obtained by means of centrifugation of film-forming solution prepared from a GeO2 sol (pH 
= 8.0, concentration 5 wt %) and aqueous solutions of HAuCl4 and a europium tartrate complex. Structure 
of the films surfaces were also studied using an atomic force microscope. This investigation reveals 
formation in the films doped with gold of fractal aggregates whose sizes depend on annealing temperature. 
In particular, sizes of the most of aggregates are small ≤ 30−50 nm for Tann = 800°C. In order to establish 
whether plasmon resonance of gold nanoparticles are responsible for increasing of the Eu

3+
 emission 

intensity or no, we carry out study of excitation spectra and effects of irradiation on spectral-luminescent 
properties of undoped germanium oxide films, films doped only with gold, films doped only with europium, 
and films co-doped with gold and europium.  
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Figure 1: Luminescence spectra of the 

87GeO2−10Eu2O3−3Au (1), 90GeO2−10Eu2O3 (2) and 

97GeO2−3Au (3) films at λex = 185 nm; RT  

Figure 1 presents luminescence spectra of the 
noted doped samples at room temperature excited 
in the UV region. Spectrum of the 97GeO2−3Au 
films consists of intensive complex band with 
maximum at 690 nm and additional spectral 
features at its long wave length side. Spectrum of 
the 87GeO2−10Eu2O3−3Au films consists of the 
intensive narrow band emission with the main 
maximum at 615 nm. Spectrum of the 
90GeO2−10Eu2O3 films contains very weak wide 
band with maximum at 611 nm intensity of 
which at room temperatures about 50 times lower 
than intensity of the same band of the 
87GeO2−10Eu2O3−3Au films.  

The undoped films (100GeO2) are characterized 
by weak broad band emission in the 350 – 750 
nm spectral region with maximum at about 550 
nm at room temperature.  

Excitation spectra were studied in the maximums of luminescence of the each sample: 615 nm for the films 
doped with the Eu

3+
 ions, 690 nm for film doped only with gold and 550 nm for the undoped film (Fig. 2). 

The spectra of the undoped films (100GeO2) consists of two bands in the region 100 – 220 nm with 
maximums positions at 120 and 175 nm. Increasing of temperature from 10 K to room decreases intensity of 
the spectra and some redistribution between the bands. Spectra of the 97GeO2−3Au films are the same for 
different temperatures and consist of two bands at the noted above margins with maximums near 120 and 
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170 nm. Intensity of the latter band is significantly lower. Spectra of the 87GeO2−10Eu2O3−3Au films 
consist of the intensive narrow band with maximum at 180 nm, weak band with maximum at 130 nm and 
long wave length shoulder at 220 nm. Intensity of the spectra increases in 3 times with rise of temperature 
from 10 K to room. Spectra of the 90GeO2−10Eu2O3 films are characterized by the same components, but 
with intensity in 30 times lower for the main band and 10 times lower for the other bands of the 
87GeO2−10Eu2O3−3Au films. 
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Figure 2: Excitation spectra of the 100 GeO2 (a), 97GeO2−3Au (b), 87GeO2−10Eu2O3−3Au (c), and 
90GeO2−10Eu2O3 (d) films at λreg = 550 (a), 695 (b) and 615 nm (c, d), at RT (1) and 10 К (2). 

Comparing the spectra we suppose that main excitation of all types of emission take place with participation 
of processes in the matrix, the gold nanoparticles increase transfer of the excitation energy to emission 
centers. Also various positions of maximum of the long wave length band and its shape reveal its complex 
characters and presence of some additional components caused by gold nanoparticles those increase 
intensity of the Eu

3+
 ions emission   

Experiments with synchrotron radiation were carried out at SUPERLUMI station at HASYLAB, DESY, 
Hamburg, Project II-20080221. Belarusian Republican Foundation for Fundamental Research (Project 
Nr. X 09K-078) and Fundamental Researches State Fund of Ukraine (Project Nr. F29.1/038) 
supported the work. 
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In the present work, stoichiometric arsenic-germanium sulphide glasses (As2S3)x(GeS2)1−x (0 ≤ x ≤ 
1) have been investigated with high-energy synchrotron x-ray diffraction (XRD) and extended X-
ray absorption fine structure (EXAFS) spectroscopy. Bulk chalcogenide glasses were prepared by 
conventional melt-quenching procedure. After quenching, the ingots were cut into slabs (1 mm 
thickness) which then were polished to optical quality. XRD experiments were carried out at the 
BW5 experimental station at HASYLAB, DESY. The energy of radiation was 98.9 keV. Scattered 
intensity was measured between 0.5 and 18 Å−1. Raw data were corrected for detector dead-time, 
polarization, absorption and variation in detector solid angle. EXAFS experiments at Ge and As K-
absorption edges were carried out at the synchrotron beam line X1 (HASYLAB) in transmission 
mode using a Si (111) double-crystal monochromator. Pieces of samples were finely ground, mixed 
with cellulose and pressed into tablets. The sample quantity in the tablets was adjusted according to 
the composition of the sample and to the selected K-edge. The EXAFS spectra were obtained with 
0.5 eV step in the vicinity of absorption edge. Measuring time was k-weighted during collection of 
the signal, and the VIPER and FEFF8.4 programs were used for data processing. 

The total structure factors S(Q) and pair distribution functions g(r) for the investigated glasses are 
plotted in Fig. 1. 

 
   Figure 1: The total structure factors S(Q) and pair distribution functions g(r) for the investigated glasses 

              in the (As2S3)x(GeS2)1−x system. The curves for compositions at x > 0 are shifted for clarity. 

-269-



 

 

Figure 2: The intensity (squares) and position (cycles) of the first peak g(r1) and second peak g(r2)  
on the g(r) for the investigated glasses in the (As2S3)x(GeS2)1−x system as a function of composition x. 

 

Composition dependences of the intensity and position of the first and the second peaks on the g(r) 
for the glasses investigated are plotted in Fig. 2. The intensities of these peaks demonstrate a non-
linear composition dependence with the change of slope at x = 0.4.  

 
Figure 3: The EXAFS (a) Ge K-edge and (b) As K-edge χ(k)k3 spectra and their Fourier-transforms 

(without phase shift correction) for the investigated glasses in the (As2S3)x(GeS2)1−x system. 
 

EXAFS data (Fig. 3) show that the nearest neighbor distance in the first coordination shell for Ge-S 
correlations is in the range of 2.23-2.24 (± 0.01) Å and that for As-S correlations is in the range of 
2.28-2.29 (± 0.01) Å. The coordination numbers are about 4 for Ge atoms and 3 for As atoms 
indicating that GeS4 tetrahedra and AsS3 pyramids are the main structural units in the glasses. The 
position of the first peak on the pair distribution functions (Figs. 1,2) lies between 2.22 and 2.24 Å 
for Ge-rich alloys and between 2.27 and 2.28 Å for As-rich alloys. This suggests that GeS4 
structural units are dominant in the Ge-rich compositions, while AsS3 pyramids dominate in As-rich 
alloys 
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In this study SnO2 was investigated that had been subjected to a high energy milling process. The
goal of this study was to determine the influence of milling parameters on size, strain and local
structure of the resulting nanoparticles. Size and strain were determined from a complementary
Rietveld study and indicate a stepwise reduction in size.
To investigate the local structure of these nanoparticles high energy X-ray diffraction experiments
were carried out at BW5. Five samples were investigated, that had been subjected to different
milling times.
Data were collected at BW5 at 15 K to suppress thermal vibrations. At a wave length of 0.123Å data
were collected to q

max
=28Å−1, and these data converted to the pair distribution function(PDF). The

figure shows as an example the PDF of the sample milled to the largest extend.

Figure 1: PDF of high energy milled SnO2. The sample had been milled for 27 hours corresponding to en
energy transfer of 3*105 kJ/kg. Experimental data in blue, calculated data in red. The difference curve has
been shifted for clarity.

All samples were refined with the DISCUS package [1]. For the refinement the structures were
simulated as spherical nanoparticles. For all samples, thestandard refinement did not result in
a very good fit. A systematic shift of the calculated interatomic distances in comparison to the
observed values was observed. A subsequent refinement was carried out for each sample in 10
Å segments and confirmed the distance dependent lattice constant. For all milled samples, the
apparent lattice constants refined for the individual intervals increase from a value smaller than that
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of the initial sample to a value close to the initial sample. The slope of this increase depends on
the milling time and reflects the local strain gradient as function of the milling process. During the
initial milling stages, the slope increases but becomes less pronounced at later milling stages. This
behaviour can be interpreted as the formation of domains, seperated by the strain field of defects
like dislocations. As the milling proceeds the defect density increases, resulting in a steeper slope.
For the final milling product with crystallite sizes of 6nm, the apparent lattice constants are inde-
pendent of the distance. Thise small particles are apparently free of dislocations and their corre-
sponding strain field, as seen by the good fit in the figure.
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The search for new electrode materials with high phase stability at high temperatures in air and at 
low oxygen partial pressures in contact with solid electrolyte (as usual yttria-stabilized zirconia 
(YSZ)) as well as with compatible to YSZ thermal expansion is very important for the further 
development of Solid Oxide Fuel Cells (SOFCs) utilizing hydrocarbons fuel. Transport properties 
of lanthanum-strontium-manganite (LSM) as traditionally used cathode material for SOFC can be 
improved also by doping. Perovskite-structured oxides containing Co ions in B sites of perovskite 
lattice have much higher conductivities as compared to LSM [1, 2]. However, the thermal 
expansion coefficients (TEC) of these materials are much larger than that of LSM [3]. This is the 
most serious problem for the Ln(Sr)CoO3 series to be used for SOFCs, as it is commonly shared by 
the series of materials [4]. The similar problem concerns LaNiO3. It has a high conductivity at room 
temperature [5, 6], but above 850°C decomposes to La2NiO4 and NiO. In order to surmount the 
problem, a part of Ni was substituted with Fe. LaNi1-xFexO3 perovskites are of interest to a wide 
variety of applications including an electrodes and current collectors in SOFCs operating at 
intermediate temperatures. These are more tolerant to the presence of chromium compared to 
lanthanum manganites and cobaltites that allows minimizing chromium poisoning effect on 
cathodes of SOFCs.  

The series of LaNi1-xFexO3 (x=0.1, 0.2 …0.9, 1.0) has been investigated in [7]: it was found that 
LaNi0.6Fe0.4O3 has the highest electronic conductivity of 580 S/cm at 800°C. This is more than 
three times higher as compared with La0.8Sr0.2MnO3. Thermal expansion of this composition is 
close to that of yttria stabilised zirconia (YSZ) electrolyte. The influence of synthesis route on 
morphology and electrical properties of LaNi0.6Fe0.4O3 (LNF) has been investigated by Bevilacqua 
et al. [8]. The TEC for LNF samples at 800°C was 11.8*10-6K-1 in contrast to 12.5*10-6K-1 for 
La0.65Sr0.3MnO3 (LSM). The conductivities for LNF were higher than that of LSM. The 
performance of the LaNi0.6Fe0.4O3 as a cathode for SOFCs has been studied in [9]. The results 
demonstrated that the LNF electrode showed a stable electrochemical performance in the presence 
of a Fe–Cr alloy interconnect. The degradation in performance is much smaller in comparison with 
the reaction on the LSM electrode.  

In present contribution we investigated therefore high temperature structural behaviour of 
LaNi0.6Fe0.4O3. In situ powder diffraction experiments were performed in the temperature range of 
298–1173 K at the synchrotron laboratory HASYLAB@DESY (beamline B2 [10]). Debye-
Scherrer capillary geometry and the on-site readable image plate OBI-detector [11] were applied 
for the collecting of the diffraction patterns with the temperature increment of 100 K. 

Figure 1 illustrates the result of Rietveld refinement of the samples with nominal composition 
LaNi0.6Fe0.4O3-δ.  Room temperature investigations reveal minor amount of impurities in the 
LaNi0.6Fe0.4O3: there registered 3 phases such as LaNi0.6Fe0.4O3-δ (R-3c) −96.3%, NiO (R-
3m)−2.4% and La4Ni3O10 (Fmmm)−1.3% (R-3c). Temperature dependencies of lattice parameters 
in LaNixFe1-xO3-δ are presented in figure 2. Cell dimensions of rhombohedral phase are normalized 
to perovskite-like cell parameters as: a/20.5, c/120.5 and V/6. No phase transformation was observed 
in air up to 1173 K. The lattice parameters increase linear with temperature, pronounced anisotropy 
of thermal expansion is clear: sample expands along c-axis roughly 2.2 times more than along a-
axis. The diffraction measurements indicate structure stability of LaNi0.6Fe0.4O3-δ that is a point to 
suitability of this material to be used as electrode for intermediate SOFC [12]. 
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Figure 1: Results of Rietveld refinement of the sample with LaNi0.6Fe0.4O3-δ nominal composition. 
Dots are experimental data; the line through the dots is calculated profile and lower plot is their 

difference. Green ticks show the calculated positions of reflections: upper, middle and lower rows 
of reflection marks belong to LaNi0.6Fe0.4O3-δ (R-3c)−96.3%, NiO (R-3m)−2.4% and La4Ni3O10 

(Fmmm)−1.3%, respectively. 

300 400 500 600 700 800 900 1000 1100 1200

3.84

3.86

3.88

3.90

3.92
58.0
58.5
59.0
59.5
60.0

 arh
 crh
 Vrh

R 3 c

 

a p, c
p 

/ Å
V p / 

Å
3

Temperature / K

LaNi0.6Fe0.4O3-δ

 

Figure 2: Temperature dependencies of the lattice parameters of the LaNi0.6Fe0.4O3-δ determined in 
air conditions. 
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The results of the spectral-luminescent investigation of the Cs2CaP2O7 and Cs3CaBi(P2O7)2 
diphosphates synthesized by means of the solution-melt crystallization and solid phase interaction 
methods are considered in the paper. In order to establish perspectives of development of functional 
materials based on the studied compounds their investigation was carried out in wide diapason of 
excitation wave length that covers regions both of zone-zone transitions and of matrices defects 
absorption (50 – 330 nm) and in the wide range of the samples temperature (4.2 – 300 K). Spectra 
of steady-state emission of the Cs2CaP2O7 double diphosphate at 300 K and excitation performed in 
the VUV region (λex = 175 nm) consist of various broadening bands which together cover regions 
from deep UV to near IR light: 225 – 800 nm (Fig. 1a). The peak positions of the most intensive 
bands (λm) are at 330 and 380 nm in the UV region and at 715 nm in the red region. Decrease of 
temperature leads to essential decrease of intensity and to simplification of the spectra. Really, only 
one blue band with λm = 420 nm is still visible at VUV excitation, while the red band disappears at 
this temperature.  

 
Figure 1: Emission spectra of the Cs2CaP2O7 (a) and Cs3CaBi(P2O7)2 (b);  

T =10 (1) and 300 K (2).  

Emission spectra of the Cs3CaBi(P2O7)2 triple diphosphate essentially differ from the ones of the 
Cs2CaP2O7 samples. In particular, spectra of the both compounds at VUV excitation and low 
temperature are characterized by the one main band in the blue region, but for the Cs3CaBi(P2O7)2 

maximum of this band lies at more long wavelength λm=470 nm (Fig. 1b) compared to the 
Cs2CaP2O7: λm=420 nm (Fig. 1a). When temperature increase up to RT this band disappears, but 
new band of the red emission arises at λm = 650 nm. Peak position of the latter red band differs also 
from the one for the Cs2CaP2O7 compounds, λm=715 nm. Total intensity of the Cs3CaBi(P2O7)2 
luminescence at the same conditions (temperature of the samples, excitation wavelength) is lower 
by the factor 10 than intensity of the Cs2CaP2O7 crystals emission. Excitation spectra of both the 
investigated compounds are also different (Figs. 2, 3). Similarity was observed only for excitation 
of the red emission at high temperatures both for slow and fast components at 50 - 150 nm spectral 
region (bands with λm = 70, 90, 113 nm). At λex > 150 nm these spectra are essentially different: 
main bands are observed at 175 and 190 nm and additional components are observed at 225, 267, 
300 and 320 nm for the Cs2CaP2O7; as for the Cs3CaBi(P2O7)2 the broad bands were observed in 
150 – 250 and 250 - 330 nm regions, for the latter fast component is mainly excited (Fig. 3). The 
low temperature blue emission in the noted region has the same excitation spectra, but it practically 
doesn’t excited at 50 - 100 nm region (Fig. 3). 
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Figure 2: Excitation spectra of the Cs2CaP2O7; T = 300 K. 
2a –  steady state registration at λreg = 700 (1), 600 (2), 560 (3), 420 (4) and 280 nm (5); 2b – fast (I, t 

= 2-30 ns) and slow (II, t = 140-200 ns) components:  λreg = 600 (1), 560 (2) and 420 nm (4). 
 
 

 

Figures 3: Excitation spectra of the “fast” (1, t = 2-
30 ns), “slow”, and “integral” (3, 4) components of 
the red (λreg = 670 nm, 1- 3) and blue (470 nm, 4) 

luminescence of the Cs3CaBi(P2O7)2;  
Т =  300 (1 - 3) and 10 K (4). 

 

Time resolved registration has allowed 
separating fast and slow spectral components of 
emission in the excitation spectra. Fast 
component is excited in all mentioned for 
Cs2CaP2O7 bands (Fig. 2b). New band peaked at 
205 nm and band with λm=300 nm are the most 
intensive in spectrum of this component, while 
excitation of slow luminescence dominants in 
the bands at 175 and 190 nm (Fig. 2b, curves II). 
Analysis made for Cs2CaP2O7 and 
Cs3CaBi(P2O7)2 showed that incorporation of Bi 
into phosphate matrix had strongly modified the 
system of luminescence centers: luminescent 
features founded for the first of them have not 
been observed for second one.  

Therefore, we can assume that luminescence of these compounds has different origins. The number 
of defects in oxygen sub-lattice of Cs3CaBi(P2O7)2 is less than in Cs2CaP2O7 matrix and moreover 
charge compensation of these defects by Bi

3+
 ions occurs, we suppose. Luminescent manifestations 

of the Bi
3+

-O
-
 interaction are known from literature [1]. They are revealed in the absorption and 

excitation spectra as CT - bands (250 - 400 nm range) and the position of the Bi
3+

 - ions 
luminescence  band (350 - 700 nm range) depends on the type of compound and strength of Bi-O 
bonding. Blue (λm=470 nm) and red (λm=670 nm) emission bands can be caused by radiation 
transitions in the centers formed on the base of Bi

3+
 ions. Wide band in the excitation spectra (100 - 

250 nm diapason) and two bands lying in 150 - 350 nm diapason which have the peak positions at 
225 and 310 nm (Fig. 3) can be respectively related with mentioned luminescence bands. So, we 
can maintain that luminescence of investigated compounds are the superposition of emission of the 
set of local luminescence centers. 

Experiments with synchrotron radiation were carried out at SUPERLUMI station, HASYLAB, 
DESY, Hamburg; Project # II-20080221. 
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Since the discovery of the periodic mesoporous organosilicas in 1999, much effort was spent to 
tune their properties such as pore diameters and specific surface areas but also the hydrophobicity 
or chirality, which can be influenced by applying different organosilica precursors [for an overview 
see Ref. 1]. The lattice parameters of these materials can be influenced by the usage of different 
surfactants (ionic, non-ionic, block copolymers). As already shown, an increasing size of the 
hydrophobic surfactant alkyl chain leads to an increase of the lattice parameters, as expected (e.g. 
for the series C18(EO)6, C16(EO)6 and C12(EO)6) [2]. 

For further studies concerning the reduction of the lattice parameter block copolymers with 
different headgroup sizes but the same alkyl chain lengths were investigated.  C12(EO)5, C12(EO)6, 
C12(EO)7, C12(EO)8 and C12(EO)9 were applied for the formation of phenylene-bridged PMO 
materials during different beamtimes. Samples with a molar ratio of the organosilica precursor (1,4-
bis(triethoxysilyl)benzene, BTEB) and the respective surfactant of 14:1 and 7:1 at a constant 
temperature of 60 °C and at room temperature were investigated using a flow-through setup.  The 
reaction solution containing the surfactant, diluted hydrochloric acid and the organosilica precursor 
was pumped through a capillary placed in the beam and back to the reaction vessel. Thus, it is 
possible to investigate the complete solution until the growing particles in the solution block the 
tubing.  

The results we obtained using scattering from synchrotron radiation at beamline A2 show that in 
contrast to our first expectations, the lattice parameters of the materials decrease with increasing 
headgroup size in the mentioned series of surfactants. Reactions carried out with C12(EO)9 show 
the formation of the cubic Fd3m phase and with on-going reaction a phase transition to the another 
cubic structure with the space group Im3m. A 3D plot showing the evolution of the SAXS patterns 
of this sample is given in Figure 1. The evolution of the repeat distances of the occurred structures 
is depicted in Figure 2. 

  

Figure 1: Evolution of the SAXS patterns of the sample containing C12(EO)9 as surfactant and BTEB as 
organosilica source in the ratio of BTEB: surfactant 7:1. The reaction was performed at 60 °C. 
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Figure 2: Evolution of the repeat distances of the cubic structures of the sample containing C12(EO)9 as 
surfactant and BTEB as organosilica source (Figure 1). The reaction was performed at 60 °C. 

 

As one can see after 15 minutes reaction time the first cubic structure develops. The phase 
transition from Fd3m to Im3m is relatively fast, but after the formation of the Im3m cubic structure 
the lattice parameter remains nearly constant. From this measurement and similar experiments with 
other surfactants, we conclude that the reaction is over at that time. 

Lower surfactant concentrations lead to the cubic structure with the space group Fd3m without the 
phase transition to the Im3m cubic structure. With increasing number of ethylene oxide (EO) units 
the lattice parameter of the resulting structures decreased. We ascribe this effect to a coiling of the 
surfactant headgroup and thus, a smaller headgroup area. A careful analysis concerning the 
structures as well as the kinetics is on-going.  
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Nanoparticles are of high interest due to the potential applications in the field of electronics, high-
density data storage media, catalysis and biotechnology. To control the size and geometric structure
of a nanoparticle wet chemical techniques offer the greatest flexibility. However, the stabilizing
agents/surfactants that are used in the wet chemical process do have a significant influence on the
particle’s properties. To determine the electronic and geometric structure of Cobalt nanoparticles
as a function of the different sites (core and shell) and to extract the influence of the surfactants,
we use the technique of (non)resonant inelastic X-ray scattering measurements (RIXS, see [1]) and
high-resolution fluorescence-detected X-ray absorption spectroscopy (HRFD XAS, see [2, 3, 4]).
The experimental details are described in the previous reports already [3]. The Cobalt nanoparticles
have been synthesized especially for this purpose [6]: 1. Small monodispersed size distribution (∼

6 nm), to have a shell-thickness comparable to core diameter. 2. AlR3 served as reactant and
stabilizing agent simultaneously (no additional surfactant), to have as few different elements as
possible (R = octyl for Co-Nano1 and 2, = ethyl for 3 and 4). 3. Stabilization of nanoparticles
realized by so-called smooth oxidation, with two differentperiods to alter the shell thickness (long
period for Co-Nano1 and 3, short for 2 and 4).
In Fig. 1 the HRFD XANES spectra of Co-nano3 extracted from 3 specific Kbeta emission energy
intervals, as well as the Co-foil, is given. We chose the intervals with respect to a strong core:shell
contrast, which was estimated by a least squares fit (LCF) of the Kβ emission spectrum of Co-
nano3. For this fit we took Co-foil and a completely oxidized Co nanoparticle to approximate core
and shell respectively. The partial site selectivity is manifested clearly here (compare [2, 3]).
The pure site-selective spectraSi

core/shell can be obtained by a least squares fit of the HRFD XANES
spectraSi

exp which can be written each as:Si
exp = ci

core Score + ci
shell Sshell with the coefficients

ci
core/shell. Rewriting this in matrix notation and solving it via Singular Value Decomposition

(SVD), gives us a set of mathematical solutions and we find thephysical ones by introducing two
assumptions: 1. The core part is equal to the pure metal, i.e.it equals the Co-foil spectrum. 2. The
core:shell ratios of the fitted experimental spectra are similar to the ones attained by LCF.
The pure XANES spectra for core and shell are shown in Fig. 2 along with Co-nano3 (high), to
which their ratio is adjusted moreover. At first glimpse, an interesting feature arises in front of the
edge of the shell spectrum, similar to a Cobalt Oxide. Its energetic position is different, however.
Theoretical simulations with will reveal the underlying electronic and geometric structures of the
whole spectrum and clarify the validity of the assumptions.Furthermore the whole analysis will be
extended to get site-selective EXAFS.
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Modrow, Inorg. Chim. Acta 350, 617-624 (2003).

-279-



Co-nano3 (low)
Co-nano3 (medium)

Co-nano3 (high)

Excitation Energy [eV]

In
te

n
si

ty
[a

.u
.]

780077807760774077207700

1.2

1

0.8

0.6

0.4

0.2

0

Figure 1: HRFD XANES spectra of Co-nano3 representing threedistinct core-shell ratios.
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Figure 2: The pure site-selective XANES spectra of Co-nano3along with its high core-ratio spectrum. The
pure spectra are already scaled with respect to their contribution in Co-nano3 (high).
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X-ray powder diffraction study of high-nitrogen 
content M-Si-O-N (M = La, Pr, Ca, Sr) oxynitride 
glasses. 
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During a 48 hour session at the high-energy X-ray diffraction beam line BW5 at 4-5 November 
2009 data were collected for 5 high-nitrogen content M-Si-O-N glasses. In addition data were 
collected from two pure oxygen La-Si-O glasses. The glass compositions were: 
 
    La1.11SiO1.97N1.13 
    Pr1.01SiO1.24N1.52 
    Sr0.95SiO1.83N0.75 
    Sr0.53SiO2.41N0.08 
    Ca1.26SiO1.77N1.00 
    La1.02SiAl1.18O5.31 
    La0.28SiAl0.30O2.87 
 
The measurements were made with the grinded glasses within stationary 2 mm diameter glass 
capillaries at a wave length of ca. 0.123 Å, determined by measuring a powder pattern of LaB6. On 
average, data were collected in at steps of 0.02° and using the energy discriminating Ge detector in 
two ranges, between 0.5 and 7° for 6 secs for each step, and between 6.5 and 30° for 9 secs at each 
step.  
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Figure 1. Recorded merged pattern for the Pr1.01SiO1.24N1.52 glass, with data for an empty capillary 
subtracted.   
   
 

-281-



Only very preliminary evaluations of the collected data have been carried out to this date, due to 
heavy teaching loads for both us investigators during the time elapsed since the measurements were 
done. We anticipate a complete analysis to the point of radial pair distribution functions done 
before summer 2010. Further analysis of the possible structures models will be attempted using 
RMC methods, supported by other measurement data. We expect to obtain information about M-M 
distances and coordination numbers, and from these see whether the M atoms are uniformly 
distributed or clustered and indications of whether there are relatively ordered arrangements of the 
M atoms are not. Also, we expect to see if these arrangements differ for rare-earth elements and 
alkali earth elements and if there are substantial changes with N content.  
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Organic-inorganic sol-gel hybrid compounds deserve much interest since the eighties. Their 
important advantage consists in combining useful properties of both constituting components. Many 
related studies have shown that optical properties of the hybrid materials can be considerably 
enhanced as compared to organic polymer materials, making them promising systems for 
nanophotonic and nanobiophotonic applications [1-2]. Besides many efforts, electronic structure of 
the fabricated hybrid materials has not been yet adequately studied. In fact, these open-structure 
materials may take benefit of a large interface between the two constituting components, which is 
able to strongly affect their electronic structure and electron transport. The existence of an efficient 
and processing-tunable interfacial electron transport in photochromic TiO2-gel based hybrids 
constitutes the main issue of our recent studies [3-5]. In the present work we report on first study of 
the photoluminescence (PL) propertiers of the fabricated hybrids. 

The photochromic hybrid samples were elaborated according to the method described by 
Kameneva et al. [3]. A preliminary distillation of the HEMA was used in order to eliminate the 
monomer stablysing agent, methoxyphenol (MQ). MQ was also added to some samples in order to 
verify its effect on PL properties. 

The measurements were performed at the Superlumi station of HASYLAB of synchrotron 
DESY. Briefly, the samples were fixed on a LHe cryostate, cooled down to 8K and irradiated by 
pulsed monochromatized SR (τ=120 ps, f=5 MHz, ∆λ=0.3 nm) under high vacuum of ~10-9 mbar. 
The PL spectra and decay curves were measured using 0.275-m triple grating ARC monochromator 
equipped with CCD detector or photomultiplier (Hamamatsu R6358p). The recorded PL and PL 
excitation spectra were corrected for SR intensity, 
primary monochromator reflectivity and CCD 
sensitivity. Time-resolved PL was measured with a 
time windows of 2-8 ns (short component) and 50-200 
ns (long component. 

We have observed a strong PL of the oxo-
pHEMA TiO2 gels-based hybrids at cryogenic 
temperatures (Fig. 1). This PL is strongly decreased in 
intensity for temteratures above 100K and becomes 
negledgible at room temperature. The observed bands 
are assigned to the inorganic (iPL) and organic (oPL) 
components: iPL is almost identical to that observed in 
oxo-TiO2 and oPL sperctra are red shifted compared to 
that of pure pHEMA. MQ strongly contributes to oPL. 
In particular, its characteristic S0-S1 absorption band 
with 0-0 origin at 297.8 nm and S1-S0 PL band at 337 
nm were identified. Consequently, The S1-S0 band is 
intensified with MQ addition. The 420-nm band can 
be ascribed to the T1-S0 MQ phosphorescence. An 
energy transfer to the S1 state in pure MQ is observed 
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Figure 1 : PL spectra at T=8K of the hybrid 
sample with excitation at 320 nm (1a) and 115 
nm (2a) and of oxo-TiO2 (1b) and pHEMA (2b) 
with excitation at 280 nm. 
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from two higher lying singlet states: S2 (230 nm) and 
S3 (190 nm). The S2 and S3 states of MQ in pure 
pHEMA polymer can also relax to the T1 state. In 
contrast, in oxo-pHEMA TiO2 gels-based hybrids the 
S2/S3→S1 relaxation pathway is strongly suppressed 
and the energy is entirely transferred to the T1 state.  

In all tested hybrid samples, we have observed 
no appreciable excitation transfer from the organic to 
inorganic components. On the other hand, an energy 
transfer from the inorganic to organic components 
depends on the samples nanoscale morphology. A 
comparison between different samples shows that the 
inorganic-to-organic channel is suppressed in hybrids 
with quasi-linear TiO2-gel chains and allowed in 
hybrids with with strongly branched inorganic 
structure made of aged gels. 
Our results indicate a strong coupling between high-
lying electronic states E>E*≈4.95 eV of the inorganic 
and organic components. Taking into account the 
TiO2 absorption onset of the hybrids Ea=3.26 eV and 
the inner photoeffect onset EIP=2.2 eV [5], we 

estimate the trapped electron binding energy: De=Ea+EIP-E*≈0.5 eV, which is in agreement with 
onset of the light-induced Ti3+ absorption spectra at 
2.5 µm. 

Our results support the hypothesis about iPL 
inhibition by Ti3+ centres, which is related to their 
nonradiative oxidation by fast VB photogenerated 
holes [5]. Fig. 3 shows a correlation between iPL 
intensity and Ti3+ centres concentration, which is 
related to the grey coloration palette of the sample. In 
this experiment the hybrid plate was irradiated from 
both sides, cut and analysed in the cross-section at 
different distances from the surface. In agreement, the 
most exposed surface layers (z=0 and 7 mm) reply 
with low intensity whereas less exposed interior layers 
(z=3 mm) provide the highest iPL yield. 

The financial support of the project II-20080156 
EC within the EU contract ELISA-226716 is kindly 
acknowledged. 
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Figure 3 : iPL intensity (600 nm) distribution 
in a partially darkened hybrid sample (T=8K, 
λexc=320). The distribution of Ti3+ centers 
inside the sample (proportional to the gray 
colloration) is shown in inset. 
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Figure 2 : Excitation spectra (8K) of the hybrid 
sample PL at 600 nm (1a) ,500 nm (2a), of oxo-
TiO2 at 600 nm (1b) and pHEMA at 420 nm (2b). 
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Synthetic garnets exhibit physical properties that may lead to various applications. These materials 
are characterized by high resistance for plastic flow even at high temperatures, by low thermal 
conductivity [1], and by Mohs hardness between 6.5 and 8.5. Specific garnets can be applied as 
components of solid-state lasers [2]. Some of them (e.g. gadolinium gallium garnet, GGG) can be 
used for substrates for epitaxy of superconducting films [3]. Some doped oxide garnet materials can 
be used as optical pressure sensors [4, 5]. Mechanical properties of garnets are also of interest from 
the point of view of Earth science, because minerals of garnet structure are considered as one of 
major components of the deep interior of the Earth [6]. It is noteworthy, that one of garnet 
materials, GGG, is found to exhibit a relatively high value of bulk modulus, 169 GPa [7]. 

The general chemical formula for a four-component garnet is X3Y2Z3O12, with divalent X, trivalent 
Y, and tetravalent Z cations (as those studied in this work) or with all trivalent cations. At ambient 
conditions, garnets crystallize in Ia3d space group. In four-component garnets (X3Y2Z3O12), the Z 
atoms are bonded to four oxygens (tetrahedral), Y atoms – to six oxygens (octahedral), and X atoms 
– to eight oxygens (distorted cube). 

In this work, preliminary results of high-pressure X-ray diffraction for selected garnets are 
presented. The in-situ X-ray diffraction experiments were conducted using the energy-dispersive 
method at the F2.1 beamline equipped with a large-anvil diffraction press, MAX80. The sample 
was mounted in a container fabricated from hexagonal boron nitride (hBN) and annealed at 600°C 
for a short time at each pressure step in order to reduce strain. The pressures were calibrated using a 
NaCl equation of state. The lattice parameters of garnets were determined from Le Bail refinements 
performed with the Fullprof2k program. 

Analysis of the data collected for measured garnets, Ca3Ga2Ge3O12 and Ca3Cr2Ge3O12 shows that 
the garnet structure is conserved in the studied pressure range (see Fig. 1). Le Bail refinements 
show (an example is displayed in Fig. 2), that the lattice parameter of the garnet Ca3Ga2Ge3O12 
structure decreases with the applied pressure from 12.2660(1) Å at ambient pressure to 12.061(4) Å 
at about 8 GPa. The lattice parameter of the Ca3Cr2Ge3O12 follow the same trend as Ca3Cr2Ge3O12, 
the value at ambient pressure is 12.2690(1) Å and 12.072(1) Å at about 8 GPa. Preliminary 
calculations show that the bulk moduli of the studied garnets are lower than that for GGG. 
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Figure 1: The experimental X-ray diffraction 
spectrum for Ca3Cr2Ge3O12 garnet. The 
character of changes in line positions with 
rising pressure is highlighted using the dotted 
lines. 

Figure 2: Le Bail refinement plot of the 
calcium gallium germanium garnet, 
sample after compression without 
pressure. The vertical bars refer to peak 
positions for Ca3Ga2Ge3O12 and hBN. 

 
 
 
The authors are grateful to Hasylab for the access F2.1. beamline. The research leading to these results has 
received funding from the European Community Seventh Framework Programme (FP7/2007–2013) under 
grant agreement no. 226716. 
 

 

References 

                                            

[1] N.P. Padture, P.G. Klemens, J. Am. Ceram. Soc. 80, 1018 (1996).  
[2] J. Lu, K. Ueda, H. Yagi, T. Yanagitani, Y. Akiyama, A.A. Kaminskii, J. Alloys Compds. 341, 220 

(2002).  
[3] P. Mukhopadhyay, Supercond. Sci. Technol. 7, 298 (1993).  
[4] J. Liu, Y.K. Vohra, Appl. Phys. Lett. 64, 3386 (1994).  
[5] S. Kobyakov, A. Kaminska, A. Suchocki, D. Galanciak, M. Malinowski, Appl. Phys. Lett. 88, 

234102 (2006).  
[6] S. Karato, Z. Wang, B. Liu, K. Fujino, Earth Planet. Sci. Lett. 130, 13 (1995).  
[7] A. Durygin, V. Drozd, W. Paszkowicz, E. Werner-Malento, R. Buczko, A. Kaminska, S. Saxena, A. 

Suchocki, Appl. Phys. Lett. 95, 141902 (2009).  
 

-286-



Investigations on charge transfer luminescence in 
annealed and as grown Yb :YAG and Si,Yb :YAG 

U. Wolters, S.T. Fredrich-Thornton, K. Petermann, and G. Huber 

Institute of Laser-Physics, University of Hamburg, Luruper Chaussee 149, 22761 Hamburg, Germany 

Optical spectroscopy upon excitation with UV radiation at low temperatures has been performed in 
order to study several fluorescence properties of 20% Yb:YAG and 0,1% Si, 20% Yb:YAG. These 
investigations aim at the detection of cooperative energy transfer processes in Yb-doped laser 
crystals involving Yb3+ and Yb2+ ions. Such cooperative processes are suspected to induce 
additional losses in otherwise very efficient and highly promising Yb-doped laser materials. Yb-
ions in YAG are generally incorporated as Yb3+ ions on the dodecahedral Yttrium site. Divalent 
Yb-ions may either be created via an electron transfer from an oxygen ligand (CT state) [1-3] or be 
stabilized by oxygen vacancies or tetravalent impurities, such as silicon, in the crystal [4].  

The investigated crystalline samples have been produced in a reducing atmosphere, which leads to 
a high amount of oxygen vacancies in the as grown samples. These vacancies are removed by 
annealing the crystal at about 1000°C for several hours. While stabilized Yb2+ ions are thus 
eliminated to a major extend, the amount of transient Yb2+ ions created by a charge transfer is not 
influenced by annealing. 

These expectations have been confirmed by measurements performed with monochromatic UV 
radiation of 60 nm to 330 nm at HASYLAB Beamline I. Fig. 1 displays the excitation spectra of the 
typical CT fluorescence at approximately 340 nm and 500 nm which corresponds to the emission of 
the transient Yb2+ ion into the ground state and first excited state of Yb3+, respectively. These 
emission lines have broad excitation bands at approximately 210 nm and 170 nm. As grown samples 
containing oxygen vacancies display an additional excitation band at about 280 nm which is 
removed by annealing. 
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Figure 1: Excitation spectra of CT fluorescence at 340 nm (left) and 500 nm (right) at 10K. The spectra have 

been obtained with 1 nm step width and 2 s integration time. 

Fig. 2 shows the emission spectra of Yb:YAG and Si,Yb:YAG upon excitation into the transient 
Yb2+ state at 200 nm. The excitation in all samples yields two emission bands at 340 nm and  
480 nm. The emission bands at 480 nm have been normalized to the same height in order to allow a 
qualitative interpretation of the observed intensities. In both annealed samples, Yb:YAG and 
Si,Yb:YAG, the 340 nm emission band displays an approximately threefold higher maximum 
intensity than the 480 nm emission band. It is noteworthy though that, while in as grown Yb:YAG 
the 340 nm maximum is twice as high as the 480 nm maximum, there is no such difference in as 
grown Si,Yb:YAG. This hints to a reduction of the CT fluorescence at 340 nm. This may be due to 
reabsorption of the 340 nm radiation by stabilized Yb2+ ions in the crystal.  
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Figure 2: Emission spectra upon excitation into CT state at 200 nm and 10 K. Left: emission spectra of 

Yb:YAG, right: emission spectra of Si,Yb:YAG, visible range and NIR range (inset). 

 
Additionally the same sample shows a strong 
reduction of NIR fluorescence which is emitted 
by the relaxation of the excited Yb3+ state after it 
has been populated by the relaxation of the CT 
state. The relaxation into the ground state of the 
Yb3+ ion seems to suffer a strong decrease, which 
hints to cooperative processes that may transfer 
the energy of the excited Yb-ion into other states 
that do not show an observable radiative decay. 
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The decay curves of the 340 nm emission line of 
the CT state into Yb3+ ground state (Fig. 3) are 
not of single exponential nature, which hints to 
the existence of a quenching process affecting the 
CT lifetime. A lower limit of the CT lifetimes 
could be determined to be 47 ns for Yb:YAG. In 
the as grown Si,Yb:YAG sample the lifetime is 
reduced to 32 ns, but can be raised by annealing to 
the value found in Yb:YAG. 

Figure 3: Decay of CT fluorescence at 
340 nm at 10 K (logarithmic scale). 

Our observations confirm the possibility of an energy transfer from excited Yb3+ ions and an 
involvement of Yb2+ ions in this transfer process is suggested. The quenching of the Yb3+ 
fluorescence by stabilized Yb2+ ions requires further investigation. An energy transfer to other 
optically active centres is due to the lack of additional fluorescence bands not yet confirmed. 
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In last twenty years perovskite manganites have been the subject of an intense experimental study 

due to their complex phase diagram characterized, as a function of doping, by a transition from a 

paramagnetic insulating phase to a ferromagnetic (FM) metallic one, by the so-called negative 

colossal magnetoresistance (CMR) or alternatively by the presence of charge ordering (CO) of Mn
3+

 

and Mn
4+

 ions in different sublattices. 

Whereas many theoretical models have been proposed to explain the mechanisms determining the 

CMR effect (double exchange, Jahn-Teller polaron localization, magnetic polarons, recently 

experimental evidences of an inhomogeneous phase, where nanometric metallic and insulating 

domains coexist and percolate, are reported in literature for the hole doped region of the 

(La1-xCax)MnO3 phase diagram. At present, the main research topic on these compounds is the 

identification of the real nature of the low temperature insulating phase component: it could be a 

CO phase with a very low coherence length and then not visible by lots of techniques, becoming 

more extended and then detectable at Ca dopings greater than 50 %.  

In this general scenario we assumed that the partial substitution of the Mn magnetic ion could 

amplify a phase component with respect to the other, due to the strong coupling between CO and 

Jahn-Teller (J-T) lattice distortion (induced by the presence of the Mn
3+

 ion or of its substitute of 

the same valence). In this way we have obtained interesting results by EXAFS measurements 

performed on the beamline E4 at HASYLAB on samples (La1-xCax)(Mn1-yMy)O3 (with M = Ni, Cr, 

Cu, Ru, x = 0.37, 0.50, 0.75 and y = 0.03 or 0.08). 

Therefore manganites can be ascribed not only in the context of strongly correlated electron systems 

but also in that of nanostructured materials, due to the possibility to modulate their physical and 

chemical properties on a nanoscopic scale. This result may be of great interest both from the 

fundamental and applicative point of view since the nanoscopic phase texture of manganites could 

allow to continue to miniaturize transistors and electronic components useful for technological 

applications. 

Recently this study has received a new impulse due to the possibility to synthesize such compounds 

with reduced dimensionality thus determining a magneto-conductive behaviour different from that 

observed in the same bulk materials. In this framework we have investigated the effects of 

nanometric grain size on magnetic and electronic properties of different single-phase  

(La1-xCax)MnO3 nanocrystalline samples obtained by sol-gel route. 

In particular we have synthesized magnetoresistive (La0.63Ca0.37)MnO3 manganites obtaining 

powder grain size of 10 nm up to 30 nm, as calculated by the Scherrer formula on the diffraction 

peaks broadening of X-ray powder diffraction patterns. 

We evidence that the grain of our samples reach dimensions also much below the values already 

reported in literature (about 10 nm instead of 15-20 nm). Their magnetic characterization indicates 

that powders reduced dimensionality gives rise to a superparamagnetic or cluster-glass phase when 

sizes are lower than a critical threshold around 15 nm. This result is due to the gradual reduction of 

the grain core size respect to the non-magnetic outer grain shell, decreasing the grain nanosize, and 

is strongly related to the spin-polarized transport of conduction electrons at the grain boundaries. 

The ac magnetic measurements confirm this hypothesis evidencing a broadening and relevant shift 
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of the ferromagnetic transition only in powders of smaller grain dimensions, probably due to such 

superparamagnetic disorder. 

 

This kind of nanostructured materials can be accurately studied by XAFS techniques able to 

investigate the local structure and disorder around the absorbing Mn atom on the scale of the first 

neighbouring shells. Moreover carrying out a study on the effects of grain size on the material 

physical properties, the problem to correctly define the oxygen stoichiometry and the related hole 

concentration is basic. 

In fact, the magneto-conductive properties of manganites are critically dependent also on the 

oxygen content and we want to minimize changes in this parameter as the grain size is decreased. In 

other words we need to uncouple the oxygen non-stoichiometry effects from those determined by 

the grain size variation. Since the manganite nanometric grains are characterized by a central 

magnetic core and by a non-magnetic outer grain shell containing all the crystallographic and 

oxygen defects and whose thickness increases decreasing the grain nanosize, we also had to 

quantify eventual oxygen vacancies varying the nanometric grain size. Such a careful determination 

of the oxygen content could be successfully addressed performing high resolution EXAFS and 

mainly XANES measurements at the Mn K-edge in order to determine the local bonds geometry, 

the local symmetry and stereochemistry of the nanoscopic system besides the manganese electronic 

configuration. 

Comparing the XANES spectra with those of model compounds having different O stoichiometry 

and also performing a quantitative fitting analysis we were able to determine the oxygen content of 

the sample with an error much lower than traditional analytical measurements like 

thermogravimetric or titration methods. In these last cases the measurement statistical error could 

also be of the same magnitude of the estimated off-stoichiometry. 

Since high resolution XRD analysis has evidenced a peculiar behaviour of lattice parameters as a 

function of grain nanosize we were interested to investigate what happens in local structure at 

various temperatures, selected for each sample on the bases of magnetization and resistivity data, in 

a range between 10 and 300 K. 

We considered also the E4 beamline as the best suited for measurements in transmission geometry 

at the Mn K absorption edge. In particular we have neasured EXAFS and XANES spectra on a total 

of 6 powder pellets of nanometric (La0.63Ca0.37)MnO3 compounds having 6 different average 

grain sizes in the range between 10 nm and 30 nm. We always characterized each compound by 

different and complementary techniques like X-ray powder diffraction (XRD) followed by Rietveld 

refinement and High Resolution Transmission Electron Microscopy (HRTEM). Electric properties 

have been investigated by magnetoresistivity and impedance spectroscopy measurements (EIS) 

carried out as a function of temperature and composition of the nanostructured manganites. 

Magnetic properties have been investigated by means of dc and ac magnetic measurements in the 

temperature range 5-350 K in order to organize in the right way the present proposal measurements. 

Moreover in our previous studies performed by EXAFS, neutron diffraction and anelastic 

spectroscopy on bulk polycrystalline samples we have reached an advanced knowledge of the 

structural and dynamical phenomena associated with the various phase transitions (PM-FM, spin 

glass or charge ordering). We have also measured at room temperature an iso-structural reference 

(La0.25Ca0.75)MnO3 bulk sample in order to better analyse the XANES spectral features. 

The choice of HASYLAB synchrotron radiation source was dictated by the need of a good photon 

flux considering the peculiar low density of these nanometric materials. 

The main expected result was to determine the oxygen stoichiometry with a confidence level largely 

higher than that obtained by the traditional thermogravimetric or analytical techniques like titration 

and to locally characterize with a good resolution what structurally happens when the grain 

dimension is varied on a nanometric scale by different thermal treatments and conditions. 

Further data analysis is in progress and will be presented in a forthcoming publication. 
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Determination of the evolution of different 
nanostructured species in SiOC pre-ceramic polymers 

during pyrolysis in inert atmosphere 
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Technische Universität Darmstadt, Petersenstrasse23, 64287 Darmstadt, Germany 
1 HASYLAB at DESY, Notkestr. 85, 22607 Hamburg, Germany 

Experimental 

Small angle X-ray scattering (SAXS) was performed at beamline BW4 of DORIS III with a 
sample-to-detector distance of 1.013 m. Powder samples were introduced into quartz capillary 
tubes of 1 mm diameter. The optimal intensity of the radiation has been determined with 
different exposure times. Specimens were exposed to synchrotron X-Ray radiation during 
different times ranged from 600 to 2700 seconds. Empty capillary tubes were also measured for 
normalization purposes. The measured samples were labeled as “I ” followed by the pyrolysis 
temperature. The sample labeled I 400 is the specimen pyrolyzed at 400 ºC. 

 

Results 

Small Angle X-Ray curves of the SiOC samples are shown in Fig. 1. The intensity of the signal 
has been in all the cases normalized. From the scattering curves, the Pair Distance Distribution 
Function has been calculated using regularization methods. It was obtained different PDDF 
depending on the pyrolysis temperature, which is due to the evolution of different nanosized 
species evolving in the structure. 

 
Figure 1: SAXS curves and Pair distribution function of SiOC samples pyrolyzed at different temperatures. 

Basic calculations of the SAXS curves imply the determination of the radius of gyration of the 
particles and the specific surface of the scattered particles. The radius of gyration Rg is calculated 
at very low scattering angles from the Guinier Plot, where the slope of the curve is proportional 
to Rg. As a result, we obtained radius of gyration ranged from 7.7 to 9.9 nm which confirms for 
the first time the presence of a nanostructured structure on the system pyrolyzed at such low 
temperatures. These calculations are in agreement with the information obtained from the PDDF 
that suggest spherical particles of around 10 nm size. Although the q range was too short to 
achieve extended results (like the possible presence of graphene-like structures), we made an 
attempt to calculate the specific surface of the scatterers. The integral over the scattering curve 
was used to determine the S/V value, which in principle suggests a decrease of the specific 
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surface on the samples pyrolyzed at higher temperatures. The values were not in agreement with 
the expected results leading to a conclusion that further results are needed with an extended 
measurement range, both USAXS and SAXS. 

N.B. GISAXS measurements were done on Si-B-C-N membrane coated on tubular alumina supports but 
alignments of samples were unsuccessful for getting the scattering. 
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Pressure-induced decomposition of indium hydroxide 
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High pressure behavior of indium oxide (In2O3) has recently gained particular attention [1-3]. 
Despite progress achieved in recent years both in theoretical prediction of phase transitions  in 
In2O3 and experimental realization of new In2O3 polymorphs, the complete pressure-temperature 
diagram of indium oxide is still lacking. Even less is known about high pressure behavior of indium 
hydroxide. Indium hydroxide, c-In(OH)3, has so-called A site deficient hydroxyl-perovskite 
structure (space group  3Im , No. 204, a=7.979 Å, Z = 8). c-In(OH)3 has been considered as a 
promising precursor for synthesizing new high pressure In2O3 polymorphs. The main goal of the 
present work was to study the high-pressure behavior of indium hydroxide at pressures exceeding 1 
GPa. We have performed in situ high-pressure X-ray diffraction experiments on c-In(OH)3 with 
controlled crystal morphology and size [4]. Samples were compressed in diamond anvil cells 
(DAC) up to ~ 32 GPa at room temperature. In situ X-ray diffraction experiments were performed 
in diamond-anvil-cells (DAC) up to ~ 32 GPa in the energy-dispersive mode at the F3 beamline of 
the HASYLAB (DESY, Hamburg, Germany). No phase transitions have been observed in In(OH)3 
during compression; decompression, however, leads to the decomposition of c-In(OH)3 into 
metallic indium, water and oxygen. The instability of the c-In(OH)3 as well as of any other metal 
hydroxide /oxohydroxide towards decomposition under high pressure conditions has never been 
reported before. 

As we reported recently [4], on heating up to 300°C in air under ambient pressure conditions c-
In(OH)3 ( a= 7.98 Å)transforms irreversibly to c-In2O3. This phase transition is accompanied by the 
fragmentation of c-In(OH)3 cube-shaped crystals and can be easily followed even visually since c-
In(OH)3 is white and c-In2O3 is yellow in color. During compression up to ~ 32 GPa at room 
temperature neither phase transitions no colour change have been observed in c-In(OH)3 (Figure 1, 
C-D);  the compression only leads to continuous shift and broadening of c-In(OH)3 reflections 
(Figure 2). 
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A
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Pt Pt
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Figure 1. Optical microscope images of c-In(OH)3 samples loaded in Re-gasket with Pt-pieces in DAC: 
initial at ambient pressure (A, B), that at 32 GPa (C, D), and recovered to ambient conditions (E, F). 

The broadening of the reflections is most probably caused by c-In(OH)3 amorphization during 
compression. The shift of reflections to higher energy indicates a decrease in the lattice parameter 
of c-In(OH)3 which is about 7.40 Ǻ at 32 GPa. During prompt decompression the c-In(OH)3 
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samples have been changing their colour, becoming either blackened or reddened (Figure 1 E and 
D) depending on the decompression conditions. Simultaneously, two broad reflections at ~ 32 keV 
(d ~ 2.533 Ǻ) and at ~ 51.9 keV (d ~ 1.562 Ǻ) appeared in a diffraction pattern of recovered c-
In(OH)3 samples; those reflection were not observed in initial as well as compressed samples. The 
aforementioned reflections can be attributed to those of metallic tetragonal indium (space group 
I4/mmm, No. 139, a=5.26 Å, b=4.56 Å, a=3.27 Å, c=1.5211 Å, Z = 2). The presence of In-reflections 
in XRD pattern indicates the partial decomposition of indium hydroxide to metallic indium, oxygen 
and water.  
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Figure 2. In situ ED-XRD patterns of c-In(OH)3 in DAC at ambient pressure (initial and recovered) and at 
high pressures up to 32 GPa. 

The mechanism of c-In(OH)3 decomposition could be explained as follows. During compression to 
~ 32 GPa c-In(OH)3 was overpressed in the region where its structure is metastable. Kinetic factors 
prevent its transition into either o-InOOH or In2O3. The compression resulted in dissimilar shift of 
indium and oxygen atoms in c-In(OH)3 lattice; this dissimilarity is expressed in stronger 
broadening of the reflections of the planes composed of In-atoms. This suggestion is confirmed by 
a large broadening of {220} reflections in the c-In(OH)3 structure. In the space group 3Im  the 
{220} reflections are attributed to the planes of atoms in the 8c positions (¼, ¼, ¼). In the c-
In(OH)3 structure these position are occupied by In-atoms. During decompression, the relaxation of 
indium atoms towards equilibrium positions resulted in the more favourable In-structural positions 
in tetragonal indium. 

Summarizing, no phase transitions have been observed in c-In(OH)3 during compression up to ~ 32 
GPa at room temperature. The decompression leads to the decomposition of c-In(OH)3 into metallic 
indium, water and oxygen. The instability of the c-In(OH)3 as well as of any other metal hydroxide 
/oxohydroxide towards decomposition under high pressure conditions has never been reported 
before.  
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While Niobium is widely reported in the literature as being of bcc structure, we have 
discovered, via high precision capacitive dilatometry [1] that the lattice of a high quality single 
crystal of Nb is anisotropic as a function of temperature. In addition to the anisotropy, we have 
observed anomalies in resistivity versus temperature, and anomalous softening of the shear 
elastic constant C44. Other anisotropic effects have been observed in Nb in the past, and all are 
(arguably) electronic in nature [2]. The transition from bcc to the as yet unknown structure 
occurs at room temperature on warming. The measurement on cooling shows that the transition 
occurs at a markedly lower temperature which indicates that it is a first-order phase transition. 
While dilatometry is a remarkably sensitive technique, it is limited in that it can tell little about 
the structure at low temperatures. A careful X-ray study is thus needed. An attempt was made to 
measure the lattice constants in transmission geometry with X-rays at Los Alamos National 
Laboratory (NM, USA). However, the low energy of conventional X-ray sources require small 
(< 300 µm) samples, and it was not possible to prepare such crystals without damaging the 
crystal to the point that no useful results could be obtained. Measurements were carried out at the 
BW5 high energy beamline equipped with a triple crystal diffractometer at 110 keV at which 
energy the attenuation length for Nb is 1.43 mm.  

Two samples were prepared for that beamtime. A first single crystal mother ingot was 
obtained by multiple electron beam melting in UHV from reactor grade Nb. It was subsequently 
acid etched, annealed in UHV at 2050°C for 7 hours, then quenched to room temperature and 
exposed to air. Pieces were cut, oriented by back-scattering Laue and polished down. We refer to 
the samples at this stage as "annealed”. The annealed samples show anomalous behavior in 
specific heat, thermal expansion and resistivity as a function of temperature. A second series of 
samples was heat-treated (HT). This was accomplished by sealing them in a quartz tube with a 
Zr foil as a getter after flushing multiple times with dry He gas and evacuating the tube to 10-6 
mbar. The tube was then heated to 1000°C for 10 hours and cooled down slowly. The HT 
samples show no anomalous behavior in resistivity and thermal expansion. Due to limited 
beamtime (2 days), only the HT sample could be investigated.  

The sample (2.2 x 1.8 x 2.6 mm3) was mounted in a 6.5 - 450 K displex cryostat. For the 
purpose of accurate determination of the lattice parameters, the Si (311) analyser and Si (311) 
monochromator crystals were selected for which crystals, at 110 keV, the lattice spacing is close 
to the lattice spacing of Nb (020) allowing for the highest resolution (analyzer scan of  0.65" 
FWHM). The method used was to center the (200), (020) and (002) Bragg reflections at several 
different temperatures between room temperature and 60 K. Within experimental error, all three 
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lattice parameters were found to present same temperature dependence as shown Fig.1. The 
temperature dependence of the lattice parameters compares well with the one deduced from 
thermal expansion measurements on the same sample (brown solid line, Fig.1). 

In the next run, the sample presenting the anomalous behavior will be investigated. For 
that sample, it will be crucial to determine first the reciprocal lattice of Nb at low temperatures 
and confirm the structural transition in a non high-resolution set-up. A survey of the sample will 
be required to map out the twinning pattern and the spontaneous strain. Although we now have 
evidence that the annealed samples have very little interstitial hydrogen or oxygen, we will 
search for the existence of superlattice peaks and Huang scattering around Bragg peaks should 
Nb-O (Nb-H) phases have precipitated.  

 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.1. Lattice parameters of Nb single crystals. Solid lines correspond to lattice parameters extracted from 
thermal expansion data for the annealed sample (red, blue and black solid lines) and the HT sample 
(brown solid line). Filled circles correspond to lattice parameters measured by X-ray diffraction on BW5.  
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Introduction 

Compressor blades are subject to foreign object damage (FOD) that can significantly reduce low, high and 

combined (both high and low) cycle fatigue strength of aero engine compressor blades. A crack growth 

inhibiting layer of compressive residual stress (CRS) has been shown to be a good way of improving fatigue 

tolerance to notches in many situations [1]. To introduce a CRS layer, Laser shock peening (LSP) has been 

proven to be particularly effective in enhancing the fatigue life of deep notched samples compared to shot 

peening [2]. In our previous study it has been found that FOD superimposes additional CRS directly below the 

notch.  In this context it is important to evaluate the residual strain relaxation of the beneficial CRS associated 

with the prior LSP treatment, as well as the relaxation of the FOD related stress. The aim of this experiment was 

a full quantitative analysis of the residual stress relaxation due to controlled fatigue crack growth under the 

application of (i) only LCF and (ii) LCF+HCF cycles. 

The material studied is Ti-6Al-4V, which is currently used for compressor blades.  The specimens were 

subsequently laser shock peened over the leading edge.  

Foreign object damage was simulated by firing the edge of 3 mm hardened steel cubes  towards the leading edge 

of the samples, at an angle of 0° and  at a speed of 196 m/s.  

Fatigue testing and FOD simulation. Two samples have been studied in this experiment.  Fatigue experiments 

were carried out at room temperature under block loading of combined LCF and HCF cycles with 1000 HCF 

cycles superimposed upon 1 LCF cycle, representing a simplified flight spectrum.  The crack growth was 

monitored using a direct current potential drop (DCPD) system with nano-voltmeters.  The crack lengths were 

verified post testing from the fracture surfaces.  Full experimental procedures may be found in [3].  

High Energy Synchrotron X-ray Diffraction. Residual elastic strains were mapped around the FOD damage 

at the GKSS Engineering Materials Science Beamline Harwi II at the GKSS outstation at DESY, Hamburg, 

Germany. A monochromatic synchrotron X-ray beam was used (65keV, 0.1907Å), which enabled 

measurements to be carried out in through thickness transmission geometry. The diffraction cones were 

captured on a MAR-555 flat panel detector. A step-size of 0.2 mm and 0.1 mm was used in parallel and 

perpendicular to the leading respectively. Strains were computed from the shift of the  diffraction peak 

127mm 
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from Ti-α phase. Data analysis was performed by combining FIT2D software and a MATLAB fitting routine.  

Results and Discussion 

Residual Strain Maps. Figure 1 shows 2D maps of residual strain parallel to the L.E. for 0° FOD: (a) after the 

application of only LCF with a average crack length of ∆a=0.5mm (Pmax=27kN), and (b) after combined cyclic 

loading (LCF+HCF) (ratio of LCF and HCF = 1:1000; Pmax=20kN and R = 0.1and 0.7 for LCF and HCF, 

respectively) with ∆a=1.13mm . It is evident that the FOD impact significantly alters the LSP induced initial 

compressive residual strains (as seen in a region far away from the notch) locally. Two observations can be 

made from these strain plots: (i) The key location of strain consisting   strong compressive residual stress, 

located directly below the notch, tend to elongate in a direction parallel to the L.E. (loading direction), compare 

to as-FOD condition [4] (ii) There is no signification residual strain relaxation observed due to crack growth 

under the fatigue cycling condition used in this study. A substantial amount of FOD related stress is observed to 

be relaxed during the first cycle [5].  As residual stress associated with LSP process highly stable, any relaxation 

of the stress contributed by FOD is suppressed. Moreover, in both cases the average crack length remains in the 

strongly compressed region that might also inhibit the strain relaxation. 

Conclusions 

There is no significant residual strain relaxation observed due to the crack growth under only LCF and the 

combined LCF and HCF fatigue loading condition examined. 
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Figure 1: Residual elastic strain parallel to the leading edge: (a) LSP+FOD+Crack , ∆a=0.5 mm, only LCF, 
Pmax=27kN,   (b) LSP+FOD+Crack , ∆a=1.13 mm, combined fatigue loading blocks (LCF:HCF=1:1000, 
Pmax=20kN and RLCF = 0.1and RHCF =0.7). Strains are shown in 10-06 (Microstrain). 
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In-situ X-ray diffraction for investigating the high 

temperature activation of a protective oxide layer on 

-TiAl 
E. Wild, R. Fritzsch, W. Reimers 

TU Berlin, Institute for Material Science, Metallic Materials, Germany 

The experimental aim of this study concerns the growing of a protective oxide layer on -TiAl base alloy 

substrate. -TiAl base alloy is used for high temperature applications (more than 750°C), such as gas 

turbines rotating in a gas flow. During the high temperature activation oxide layers are growing on the 

surface. 

a)   b)  

Figure 1: a) 2D-detector with multichannel plate (MCP), MAXIM, DESY 

b) DHS 1100 heating unit, Anton-Paar,  

with -TiAl specimen after the high temperature activation experiment 

The analyses were performed at the Beamline G3, MAXIM, HASYLAB at DESY in Hamburg (fig. 1a) [1-3] 

equipped with the “DHS 1100 heating unit”, Anton-Paar (fig. 1b). The space resolved 2D in-situ imaging of 

the surface area was performed using synchrotron X-ray radiation with the wavelengths  = 0.2 nm at 

constant psi and phi angles. A bundle of polycapillaries was arranged in front of a CCD-camera to enable 

position sensitive data acquisition. The -Al2O3 {211} was measured. The detection system was wobbled 

during the measurement about 2 = 0,35°. The measuring time was fixed about 300s per image. The 

measured position sensitive intensity was adjusted to the IDoris.  

The object of the investigation was a polished -TiAl based alloy containing TiAl and TiAl3 phases on the 

surface (fig. 2a). 

   

a)           b) 

Figure 2: oxide phases before a) and after b) the  

high temperature activation on the surface of the -TiAl specimen. 

To start the high temperature activation the sample was heated up to 900°C and thus temperature was kept 

constant for 820 minutes. The heating and the cooling rate was 15 K/min at ambient air.  

During the high temperature activation and oxidation a protective oxide layer of -Al2O3, TiO2 and mixed 

oxide (Al2Nb2Ti6)O2 grew (figure 2b). During the experiment only -Al2O3 was investigated.  
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a)  

 

b)    c)      d)        e) 

Figure 3: Temperature distribution a), integral surface intensity a) and time dependent space resolved  

2D X-ray distribution images b-d) of the -Al2O3 {211} reflection during the experiment. The spalling  

of the oxide layer (figure 3d) happened during the cooling down at t = 779 min d). 

Before starting the heat treatment, only TiAl- and TiAl3-phases are present on the surface (fig. 3b). During 

the heating the protective oxides of -Al2O3 grow. So the intensity at surface zone of the -Al2O3 depends on 

the time (fig. 3c). Caused by the residual stress formation during growing the lattice parameter is slightly 

shifted.  

During the fast cooling down (fig. 3d-e) the protective surface layer is spalling and coarse grain starts to 

grow. The spalling oxides destroy the protective coating but on the surface oxides immediately start to grow 

again.  

At the end of this experiment at ambient temperature only phases of -Al2O3, TiO2 and mixed oxide 

(Al2Nb2Ti6)O2 are observed on the surface (fig. 2b), no reflections of TiAl and TiAl3-phases were detected. 

With these measurements we apply a recently newly developed method for in-situ space resolved X-ray 

phase distribution analyses. Additionally it is possible to visualize and animate the oxidation effects, 

inhomogeneous grain growth and the surface defects during the heating and the cooling period.  

The next step will be the in-situ phase analysis and in-situ space resolved 2D X-ray diffraction during high 

temperature activation for different phases in one experiment (-Al2O3 and TiO2) on polished surface and 

surface with riblet systems of protective oxides. 

The authors would like to thank DFG for the financial support within the framework of SPP1299 „Adaptive 

surface for high temperature application [4]. Furthermore the authors would like to thank Prof. Ch. Genzel, 

Helmholtz-Zentrum Berlin, for providing the special heating unit and Dr. J. Donges, HASYLAB at DESY, 

Hamburg, for the experimental support. 
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implanted ZnOimplanted ZnOimplanted ZnOimplanted ZnO    
 

E. Dynowska1, W. Szuszkiewicz1, C. Ziereis2, J. Geurts2, S. Müller3, C. Ronning4,  
J.Z. Domagala1, R. Minikayev1, P. Romanowski1, W. Caliebe5 

 
1Institute of Physics, Polish Academy of Sciences, al. Lotników 32/46, PL-02668 Warsaw, Poland 

2Physikalisches Institut, Universität Würzburg, Am Hubland, D-97074 Würzburg, Germany 

3 II. Physikalisches Institut, Universität Göttingen, Friedrich-Hund-Platz 1, D-37077 Göttingen, Germany 
4Institut für Festkörperphysik, Universität Jena, Max-Wien-Platz 1, D-07743 Jena, Germany 

5HASYLAB at DESY, Notkestr. 85, D-22603 Hamburg, Germany 

 
The study of ZnO alloyed with transition metals (TM) has been stimulated by theoretical predictions 
of room temperature ferromagnetism for these compounds [1,2]. One of the methods for the 
incorporation of TM into ZnO is ion implantation followed by the proper thermal treatment. The 
magnetic properties of ZnO:TM compounds depend on their crystal structure after such procedure. 
 
In this work we report the results of structural characterization of ZnO crystals implanted  
with 16 at. % of Mn, Co, Fe, Ni ions, and annealed at 900 °C in air. The X-ray structural 
characterization was performed using synchrotron radiation at the W1 beamline at DESY-
HASYLAB. The monochromatic X-ray beam of wavelength λ = 1.54056 Å was used. Two modes of 
measurement were applied: symmetrical ω-2θ scan and coplanar 2θ scan in the glancing incidence 
geometry. 
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Figure 1: The X-ray ω-2θ diffraction patterns of ZnO:Mn – (a), ZnO:Co – (b), ZnO:Fe – (c),  
and ZnO:Ni – (d) samples annealed at 900 °C in air. 
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The main effect of annealing of Mn-, Fe-, and Ni-implanted ZnO sample is the creation of different 
secondary phases in these samples: monocrystalline (101)-oriented ZnMn2O4 tetragonal phase  
(a = 5.7204 Å and c = 9.2450 Å) – Fig. 1 (a), (111)-oriented ZnFe2O4 cubic phase (a = 8.4411 Å) – 
Fig. 1 (c) and two domains, (111)- and (100)-oriented monocrystalline cubic phase of Ni0.8Zn0.2  
(a = 4.201 Å) – Fig. 1 (d). In the case of Co-implanted sample apart from the peaks related to ZnO 
only very weak peaks, about 106 times weaker than those from ZnO, are visible - Fig. 1 (b). They 
may originate from the presence of Zn, ZnCo2O4, and Co3O4 or small, differently oriented grains of 
ZnO. The ambiguity in the attribution of these week peaks to given phase results from the similarity 
of the interplanar spacing for phases under considerations.  
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Figure 2: The zoom of the ω-2θ  diffraction patterns in the vicinity of 00.4 peak of ZnO:Mn sample - (a),  

and in the vicinity of 00.6 peak of ZnO:Co sample – (b). 
 
The very strong peaks visible in the presented patterns originate from (00.1) lattice planes of bulk 
ZnO. The asymmetrical shapes of these peaks (visible in the zoom mode in the Fig.2) indicate the 
presence of the solid solution Zn1-xTMxO phase formed by the incorporation of TM atoms into the 
Zn-sublattice of the ZnO host crystal. Only in the case of the ZnO:Mn sample this asymmetry is 
observed on the left side of the peak which indicates that Mn ions incorporated to the ZnO increase 
their lattice parameters contrary to other TM dopants where the right-side asymmetry of the ZnO 
peaks have been detected. The determination of the peak positions of the ternary compounds by use 
a fitting procedure yields to the lattice parameter c. Next, according to the published dependence of 
the lattice parameters on the composition for Zn1-xCoxO and Zn1-xMnxO mixed crystals [3,4], and 
taking into account the strain of their unit cells inside the ZnO matrix [5]  the composition  was  
determined as follows: x = 0.075  in Zn1-xCoxO and x = 0.005 in Zn1-xMnxO. Unfortunately, we are 
not able to perform similar calculations for Zn1-xFexO and Zn1-xNixO mixed crystals because the 
relation between the composition and lattice parameters for such ternary compounds is not known. 
 
This work was partially supported by the European Community-Research Infrastructure Action under the FP6 
"Structuring the European Research Area" Programme (through the Integrated Infrastructure Initiative 
"Integrating Activity on Synchrotron and Free Electron Laser Science", Contract RII3-CT-2004-506008). 
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Ex-situ Residual Stress Distrubution in Aluminum 
MMCs 

L. Chen, W. Riemers 

Metallische Werkstoffe, Technische Universität, Ernst-Reuter-Platz 1, 10405 Berlin, Germany 

Aluminum-based metal matrix composites (MMCs) are employed in a wide range of structural 
applications due to their high strength-to-weight ratio. They surpass their monolithic counterparts in 
performance due to the redistribution of load between the constituent phases based on the mismatch 
in mechanical properties [1]. To study the phase-specific stress behavior in such materials, the use 
of synchrotron radiation adds to the advantages of non-destructive x-ray diffraction techniques; the 
high intensity and high parallelity of the radiation allows for shorter measuring time and more 
precise detection of weaker diffraction peak signals [2].  

The MMCs under investigation are organized into two sets; each set consists of a single-
reinforcement composite (SR) and its double-reinforcement (DR) counterpart. The S250 MMCs 
contain 30-40 vol%Si particles, and the S691 MMCs contain 15 vol%CuAl2 precipitate particles; 
additionally, the DRs in each set contain SiC particles (25 vol% and 5 vol%, respectively). Both the 
Si and the SiC particles are distributed outside the grains of the aluminum matrix, whereas the 
CuAl2 particles precipitated both in and around the matrix grains. The particular combination of 
components is useful, since it allows investigations into the behavior of single- and multi-
reinforcement composites as a function of reinforcement type.  

Once compressed uniaxially, the samples were mounted and metallographically prepared. The 
results were measured in angle-dispersive mode at the G3 beamline at the DORIS III storage ring. 
Overview scans were done to identify the phases and the residual stress values were evaluated using 
the sin2ψ method. While the concentrations in the S250 set were more than sufficient to clearly 
determine the phases even using low-intensity radiation, in the S691 set, the low concentration of 
SiC coupled with the weak signals exhibited by the complex tetragonal structure of CuAl2 would 
have proven extremely problematic had traditional x-ray sources been employed.  

Figure 5: Comparison of S250 single-reinforcement (SR) 
and double-reinforcement (DR) composites, SiC data not 

displayed. 

Figure 6: S250 DR, all phases displayed 
 

 
For S250 SR, the matrix phase underwent and remained in tension and the reinforcement phase in 
compression. An initial increase in tension in the matrix phase is followed by a steady decrease, and 
as a result, there is a corresponding release of compression observed in the Si phase (Fig. 5). When 
SiC particles are introduced into the system, the effects can already be seen in the initial residual 
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stress state prior to any external load application. The two softer phases, the Al matrix and Si 
particles, are initially in tension, and while Al remains in tension, Si oscillates between the two 
domains; plastic deformation in the matrix sets the Si phase in compression while the stiffer, 
competing reinforcement SiC phase pushes it into tension (see Fig.6). 

 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 

Figure 7: Comparison of S691 SR and DR composites 
 

S691 SR is similar to its S250 counterpart, in that the matrix remains in tension while the 
reinforcement is in compression (Fig. 7). In this case, however, the CuAl2 phase carries a much 
greater magnitude of stress relative to the matrix; moreover, an inflection is observed at around 
15% strain, and both phases progress towards or into further compression, the reinforcement more 
drastically so. While CuAl2 is known to be hard and brittle at room temperature [3-4], the behavior 
displayed in the single-reinforcement composite suggests differently. This trend may partly be the 
result of having CuAl2 precipitates within the highly ductile matrix grains.  

Due to grain size and texture, the measurements conducted for the SiC phase in the S691 composite 
did not yield enough data for conclusive results. However, its effects on the Al matrix and CuAl2 
reinforcement can be readily seen. Similar to the S250 system, the presence of SiC reduces the 
stress taken up by the softer phase at higher strain values, most likely taking upon the load itself, 
while having little noticeable effect on the matrix’s behavior. It can be inferred that SiC remains in 
compression throughout and is the main reason why the stress in CuAl2 plateaus. 

In conclusion, the use of high-intensity and –flux synchrotron radiation has made it feasible to 
evaluate the phase stress distribution in multi-reinforcement MMCs. In particular, it has been able 
to detect and reveal unexpected mechanical behavior in CuAl2 particles. Finally, it allows us to 
understand not only the interaction between matrix and reinforcement, but also that between the 
reinforcements themselves.  
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VUV sub-band gap excitation of the final decay step of 
the self-trapped exciton in silica 

S. Brovelli1, F. Meinardi, N. Chiodini, and A. Paleari 

Department of Materials Science – University of Milano Bicocca, via Cozzi 53, I-20125 Milano, Italy 
1 Chemistry Division, Los Alamos National Laboratory, Los Alamos, New Mexico 87545, USA 

Aim of the present study is the investigation of glassy silica systems as regards the modifications 
induced by synthesis parameters and dopant ions to the connectivity of the amorphous structure. 
Special attention is paid in the present first step of the project to the role of point defects and 
hydroxyl groups in inducing sub-band-gap excitation able to decay through metastable intrinsic 
states common to the intrinsic self-trapped exciton decay. As a function of the structure, the VUV 
excitation channels of the intrinsic low-temperature luminescence at about 500 nm – arising from 
the decay of the self-trapped exciton – has been analyzed in samples with OH and intrinsic point 
defect concentration tuned by fluorine modification of silica sol-gel synthesis [1]. From the detailed 
study of the temperature dependence of the VUV excitation-luminescence mapping of the optical 
response of the material (Fig. 1 shows a representative PL-PLE map of a sol-gel silica sample at 10 
K), we found the first systematic evidence that oxygen vacancy defects and hydroxyl groups can 
act as sites of radiative decay with features similar to those of the intrinsic decay excited at higher 
energy by means of ionizing radiation [2]. The study of PL intensity as a function of the 
temperature has given information on the activation energy of the decay path for each point defect. 
The analysis of the data is in progress and will give a basis for a new scheme concerning the 
processes of photo-conversion of different point defect configurations.  

 

Figure 1. VUV excitation pattern of sol-gel silica photoluminescence at 10 K. 
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Multi-component alkali borosilicate and phosphate based glasses are known as most promising host 
materials for immobilizing of high-level radioactive wastes, like U-, Pu-, Th-oxides [1-3]. We have 
undertaken a structural study on multi-component borosilicate glasses and the corresponding compositions 
loaded with uranium [4-7]. In this work we have extended our previous neutron diffraction (ND) study with 
high-energy X-ray diffraction (XD), with the aim to obtain information on the uranium surrounding. In this 
report we present results on 55SiO2·10B2O3·25Na2O·5BaO·5ZrO2 host glass and the same composition loaded 
with 30wt%UO3 (referred as B10 and UB10) (for more details see [8]).  
 
The XD measurements were performed at the BW5 experimental station at HASYLAB, DESY using 
monochromatic energy of 109.5 keV. The powdered samples were filled into quartz capillary of 2 mm in 
diameter (wall thickness of ~0.02 mm). Raw data were corrected for detector dead time, background, 
polarization, absorption, and variations in detector solid angle. The structure factor S(Q) was obtained up to 
24 Å-1  for UB10 and up to 15.7 Å-1 for B10, for higher Q-values the experimental data proved to be noisy. 
Figure 1/a-b displays the S(Q) data and the corresponding atomic total reduced correlation functions, G(r), 
calculated by Fourier transformation. For the UB10 sample two extra peaks appear at ∼1.8 Å and ∼2.2 Å 
corresponding to U-O distances. 
 

0 5 10 15 20 25

0

1

(a)
 B10_XD
 UB10_XD

S
(Q

)

Q[Å-1]
0 1 2 3 4 5 6 7 8

-2

0

2

(b)

U-O
 B10_XD
 UB10_XD

G
(r

)

r[Å]

Figure 1: a) XD Structure factor and b) total distribution function for B10 (blue full triangle) and UB10 
(red empty triangle) glasses 
 
 
The experimental X-ray S(Q) data have been simulated by the reverse Monte Carlo (RMC) method [9] 
simultaneously with our previous ND data [5-7].  RMC is known as a useful technique to generate  
3-dimensional atomic models, which reproduce quantitatively the experimental data. For the RMC starting 
model a disordered atomic configuration was built up with a simulation box containing 5000 atoms with 
density data 0.073 and 0.08 atoms·Å-3 and, half-box length 20.55 and 19.84 Å for the B10 and UB10 glasses, 
respectively The convergence of the RMC calculation was good, and the final S(Q) matched very well the 
experimental structure factor. It was established that the basic network structure of UB10 glass consists of 
tetrahedral SiO4 units and of mixed tetrahedral BO4 and trigonal BO3 units, being rather similar to the 
network structure of the corresponding B10 host glass as reported in our previous study [7]. 
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The uranium surrounding has been obtained with a great stability from the RMC calculations. Especially the 
U-O pair distribution was achieved with a very good reproducibility, due to its relatively high 16% weight in 
the XD experiment. Figure 2/a displays gU-O(r), where two well resolved peaks appear at relatively short 
distances, centred at U-O1=1.84 Å and U-O2=2.24 Å in good agreement with the interpretation made from 
the G(r) function. The corresponding U-O1 and U-O2 coordination number distributions have been 
calculated by the RMC algorithm, resulting in average numbers of CNU-O1=2.8 and  CNU-O2=2.7 atoms. The 
total first neighbour U-O coordination number is 5.5 atoms. It is noteworthy, that significant U-O 
correlations may be observed at higher r-values, at ~4.3 and ~6.4 Å, indicating intermediate range 
correlations in the second, and even in the third coordination spheres. This is consistent with the finding that 
uranium atoms are in correlations with the network former Si and B atoms, and with the modifier cations Na 
and Zr, as well, as it is displayed in Fig. 2/b-d. Clear correlations may be observed for U-Si at ~3.4 Å, for  
U-B at a somewhat shorter distance at ~3 Å, and for the modifier cations at higher distance, U-Na at ~3.7 Å 
and U-Zr at ~3.6 Å. It is interesting to note, that a characteristic correlation function has been obtained for 
U-B despite of its very low, less than 1% weighting factor. This is a fingerprint for strong atomic 
correlations.  
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Figure 2: The partial atomic pair correlation functions obtained by RMC 
modelling: a) U-O; b) U-Si; c) U-B; d) U-Na atom pairs. 

The intermediate range order of U-O pair correlation function suggest that uranium atoms take part as 
network former or partly as network former. This leads to the compact glassy structure and may be the 
reason of the observed good glassy stability and hydrolytic properties.  
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Interest to investigate the spectral properties of double phosphates doped with ions of iron and RE groups 
arises during last decade. This attention is explained by great variety of the structural types of such 
compounds, that gives opportunity to study relations between their structure and optical properties and by 
the perspectives of use these materials for lasing in wide spectral diapason and detection of ionizing 
radiation as well. This our study was mainly devoted to determination of luminescent characteristics both of 
un-doped and doped with manganese and chromium ions of the double phosphate of one-, two-, and three 
charged metals based on P2O7

4-
 molecular anions.  

Two types of compounds were investigated by us. 1 -  “pure’ and doped with chromium phosphates of alkali 
and aluminum/indium  – MAl(In)P2O7:Cr (M = Na, K, Cs); 2 - solid solutions of the phosphates of two 
valence metals - Zn2-xMnxP2O7 • nH2O (n = 0, 1, 5). The measurements of the luminescence in the 250–1200 nm 
region of wave lengths, excitation spectra in the 50–700 nm region, luminescence decay in the 0.5–200 ns 
diapason were made at SUPERLUMI station. Additionally, some TSL data in the temperature interval 77 - 
600 K were obtained in National Taras Shevchenko University of Kyiv, Ukraine.    

Two components are observed in the spectra of own PL (the 280-650 nm diapason) of un - doped (x=0)  and 
doped with manganese (x≠0) Zn2-xMnxP2O7  double phosphates: UV emission band (λmax =340 nm) and band of 
the blue-rose radiation (350–650 nm). Additional long wave components of the blue-rose band and red PL 
band with peak position near 700-740 nm were observed when manganese ions or molecules of water had 
been added to the composition of the phosphates (Fig. 1a). The contribution of the additional radiation and 
TSL curves characteristics depend on the ratio of zinc and manganese contents, on the number of molecules 
of water and excitation wave length λex (Fig. 1b).  

 
 

 

Figure 1: а) Luminescence spectra of the Zn2P2O7 (1), Zn1.04Mn0.,96P2O7 (2), Zn1.24Mn0.76P2O7 · nH2O, n = 0 
(3), 1 (4) і 5 (5) crystals, T = 300 K, λex = 337.1 (1, 2), 170 nm (3–5); b) TSL curves for the Zn2P2O7 (1) and 

Zn1.,04Mn0.96P2O7 crystals (2). 
 

Excitation spectra of the own PL of both manganese containing and without one lie in the 90–320 nm region 
and they are similar each to other and to excitation spectra of red PL (Fig. 2) that reveal similarity of the 
excitation mechanisms and note the processes of excitation transfer from own to red PL centers take place. 
Red PL also is excited in 325–630 nm diapason. The structure of these spectra is typical for the spectra of 
PL excitation of  Mn

2+ 
- ions located in octahedral oxygen surround and it caused by transitions from ground 

6
А to the excited 

4
T(320-390 nm),

4
A+

4
E(390-480 nm),

4
T(480-580 nm), and 

4
T(580-630 nm) states (Fig. 2). 

Red PL is caused by 
4
T�

6
A radiation transition.  
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The results of study have showed that spectra of the red PL are complex and it is caused by two types of PL 
centers. First of them generates the band - I with λmax near 690-700 nm. This PL dominates in the emission of 
compounds without water. Other type of PL centers generates the band - II (λmax is near 740 nm). This type of 
the PL centers is formed by Mn

2+ 
- ion surrounded by defect oxygen octahedron. Oxygen vacancies or atoms 

of water’s oxygen can be act as mentioned defects.  

  

Figure 2: Excitation of luminescence of the 
Zn2P2O7⋅5H2O (1, 2) та Zn1.04Mn0.96P2O7⋅5H2O 
crystals (3, 4), λreg = 340 (2), 470 (1), 505 (4), 
690 nm (3); T = 10 K. 

Figure 3: PL of the а) undoped КAlP2O7 
(2, 3), CsAlP2O7 (1) and CsInP2O7 
crystals (4); b) doped with Cr ions 

КAlP2O7 (1) and CsInP2O7 crystals (2); 
CCr = 0.08 (1), 0.02 mass. % (2); T = 10 
K, λex = 126 (2a, 1b), 170 (4a, 2b), 190 

(1a) and 211 nm (3a). 

 

Spectra of un-doped MAl(In)P2O7:Cr crystals lie in the region 300-800 nm (Fig. 3). The relative intensity of 
the spectral components depends on temperature, λex and from the type of alkali and three charged metal. 
Additional bands are observed in the green-rose, red and IR emission areas for the crystals doped with 
chromium (Fig.3).   Luminescence decay can be well approximated by the sum of two, fast and slow, 
exponential curves with decay times equal 1.1 and 8.5; 0.9 and 4.1; 1.1 and 5.2 ns for the PL bands peaked 
near 330, 400 and 460 nm respectively (Fig. 4). Mentioned decay takes place on the microsecond 
background that indicate a role of recombination processes. 

 

Figure 4: PL decay curves for the 
CsAlP2O7 and their fitting with 

sum of two exponential curves: λr 

= 325 (1); 400 (2), and 460 nm 
(3); T = 10 K. 

 
Intensity of the own PL decreases by the factor 1.4 - 2.0 when Cr 
ions are incorporated.  

Mentioned above data showed that additional PL comparing to un-
doped crystals is caused by radiation transitions in Cr - ions of 
various charge. Green-rose PL reveal molecular anions СrО4

2-
,where 

chromium is 6+ charged and Сr
3+

 - ions which substitute for 
Al

3+
/In

3+
 ions and located within oxygen octahedron originate the 

red PL at radiation transitions  
2
E, 

4
Т�

4
А. Investigated compounds 

are perspective for practical use. Particularly, Zn2-xMnxP2O7•nH2O 
can be regarded as the base for development of white lumonophors 
and AAl/(In)P2O7 compounds doped with chrom are capable for 
creation of the tunable laser solid state body.    

Experiments with synchrotron radiation were carried out at 
SUPERLUMI station, HASYLAB, DESY, Hamburg; 

Project # II-20080221. 
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Lead tungstate PbWO4 (PWO) crystals are a well-known single crystalline scintillation detector of ionizing 
radiation. In particular, it is known that doping of the lead tungstate crystals by the RE ions significantly 
improve transmission in the short wave length region and radiation hardness of the PWO [1-3]. The PWO 
properties were studied by many research teams all over the world, but a lot of questions about origin and 
properties of the emission are still open. At the same time relations between the effects of the RE ions on 
the PWO characteristics on the one hand and structure of the impurity centers and mechanisms of energy 
transformations on the other hand are still under discussion.  

The lead tungstate crystals were grown by the Czochralski method. The blend was synthesized from lead 
and tungsten oxides. The impurities were added into the crystals using the RE2O3 oxides (Eu, Yb, Pr 
oxides). Their concentrations in the blend were 5⋅10

-2
 wt %. The impurity concentrations in the grown 

samples were reduced by about one or two orders as it was shown by x-rays luminescence analysis. 

Emission spectra of the PWO crystals consist of the main blue and green bands and weaker orange-red 
emission [3-6]. Maximums positions of these bands are varied from 420 to 460 nm for the blue band, from 
470 to 510 nm for the green band, and from 530 to 620 for the orange-red bands, respectively [4-7]. The 
photoluminescence spectra of investigated in this paper pure PWO crystal obtained at 10 K consist of the 
band in 350 – 800 spectral region with maxima at about 460 and 470 nm at 300 and 270 nm excitations, 
respectively. For the Eu

3+
-doped PWO crystals these maximums are 460 and 470 nm at 300 and 270 nm 

excitations, respectively. Obviously, the band is complex and it contains both the above noted blue and 
green components [7, 8]. Weak components with maximums at 570 and 610 nm form long wave length tail 
of the spectra for the un-doped and doped samples (Fig.1).  

Excitation spectra were registered at 400, 463 and 570 nm for all the investigated crystals. The noted 
wavelengths allow separate excitation of blue emission and excitation of green and orange-red emissions. 
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Figure 1: Luminescence spectra of the un-doped (1, 2) and 

the Eu
3+

-doped (3, 4) PWO crystals at 10 K and 270 (1, 3) and 

300 nm (2, 4) excitations 

 

The spectra of the un-doped PWO crystals 
obtained at 10 K and λreg = 400 nm have 
sharp long wavelength edge with sharp peak 
at 302.7 nm and asymmetric band with 
maximum at 288 nm. The spectra obtained 
at 463 nm registration have additional band 
in the range of 310 – 340 nm. The spectra at 
570 nm registration consist of the main band 
with maximum near 309.5 nm and shoulder 
at 321.5 nm as well as band with maximum 
at 272 (Fig.2). Reflection spectra of the un-
doped crystals consist of two complex bands 
with maximums at 245 and 296 nm and 
shoulders at 200 and 315 nm. 

Excitation spectra of the samples doped with 
the RE ions have the same spectral 
properties for all the investigated impurities 
of the Yb

3+
, Eu

3+
, and Pr

3+
 ions and at the 

same time these spectra have essential 
differences with ones obtained for the un-
doped crystals.  
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Figure 2: Excitation and reflection spectra of the un-doped 

(top) and Eu
3+

-doped (bottom) PbWO4 crystals at 10 K. 

Really, excitation spectra of the RE-doped 
PWO crystals at λreg = 400 nm have sharp 
edge with peak position at 296 nm as well as 
asymmetric band with maximum at 270 nm 
and weakly resolved peak at 288 nm. The 
spectra obtained at 463 nm registration are 
the same to ones obtained at 400 nm 
registration, except for weak additional band 
in the range of 310 – 340 nm with maximum 
at about 321.5 nm. Intensity of this band 
isn’t changed in the spectra obtained at 570 
nm registration, whereas intensities of the 
sharp peak at 296 nm as well as asymmetric 
band with maximum at 270 nm are strongly 
decreased (Fig. 2). Reflection spectra of the 
Eu-doped crystals consist of broad short 
wavelength band with maximum at 235 nm 
and complex band with maim maximum at 
293 nm and shoulders at 283 and ~ 315 nm.  

Comparison of the obtained spectra shows 
that adding of the RE ions causes essential 
decreasing of intensity in the excitation and 
reflection spectra in the range of 310 – 340 
nm. This band corresponds to excitation of 
the green and orange-red luminescence 
bands of the PWO crystals. These bands are 
caused by defect centers emission and, 
therefore, suppression of their luminescence 
by the RE ions confirms decreasing of 
concentration of defect emission centers in 
the PWO lattice with incorporation of the 
RE ions impurities into this crystal lattice.  

Shift of the sharp peak from position near 302.7 nm for the un-doped crystals to the position near 296 nm 
for the RE-doped crystals has been observed. Taking into account that these peaks caused by emission of 
self-trapped excitons (STE), we have to assume, that essential influence of the impurity RE ions on the 
formation of STEs in the PWO lattice takes place.  

Experiments were carried out at SUPERLUMI station at HASYLAB, DESY, Hamburg, Project II-

20080221. 
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Structural investigation of self-seeded InSb whiskers
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InSb is a III-V system, the growth of which in the form of nanowires has so far not been studied in

great detail. This narrow bang gap material is of particular interest due to the fact that in its bulk

form it has the highest electron mobility of all III-V compounds making it material relevant for

applications in electronic, as well as for mid infrared devices. The Au nucleated growth of InSb

nanowires [1] and of axial InAs/InSb nanowire heterostructures [2] has been reported. So far no

InSb nanowire growth has been reported based on another mechanism. Using transmission electron

microscopy (TEM) and x-ray diffraction (XRD) experiments performed at beamline D4 at Hasylab

we investigated the structure of InSb whiskers grown self catalyzed by Indium Antimony droplets.

A MOVPE system is used to grow the whiskers using trimethylindium (TMI) and trimethylanti-

mony (TMSb) as precursors and whisker growth was accomplished directly on various substrates.

The whiskers which were investigated are grown on InAs (111)B substrates which were covered by

a 1.5 nm thick SiOx layer prior to growth. Growth was performed at a temperature of 440 ◦C. The

whiskers turn out the have a rather large diameter of about 400 nm and a length of about 1.5 µm.

An intriguing property of the InSb whiskers is their crystal structure. In previous publications the

different parameters influencing the formation of either zincblende (ZB), the stable bulk phase,

or wurtzite (WZ) structure in nanowires in general were discussed. In this respect the decisive

parameters are (i) ratio between surface energy to bulk energy and (ii) polar character of the bonds

of the material. It was argued that WZ is stabilized due to the lower surface energies and hence is

only stable for very thin wires [3]. Another very commonly used assumption is that the difference

in polarity between different III-V compounds leads to the observed difference in crystal structures

from III-Nitrides (always WZ) to pure ZB for InSb [2]. In TEM and XRD studies we found that

even for these extremely large diameters of the whiskers and very low polarities of the elements,

which both would favor the ZB phase, the whiskers exhibit several crystallographic structures.

From both TEM (Fig. 1) and XRD investigations we found both rather large ZB and WZ segments,

as well as shorter 4H segments and even indications for the 6H structure could be found.

Figure 1: high resolution TEM image showing the WZ/ZB as well as 4H segments of in the InSb whiskers

To distinguish the different structures in XRD one needs to perform an crystal truncation rod scan

at an asymmetric reflection: In the [111]ZB/[000.1]WZ direction the ZB stacking ABC, WZ stacking

AB and 4H stacking ABAC as well as 6H stackings do have the same lattice spacing and hence

show equal diffraction positions. Only the next nearest neighbor distance varies when the structure
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is changed, which can introduce a slight change in the lattice parameter. Therefore it is more

favourable to scan at an asymmetric reflection, where the different structures can be distinguished

easily as shown in Fig. 2 (left). There the reflection strength of the different structures in such an

rod scan is shown.

In this way the 4H and 6H phase was identified to be present in the InSb whiskers as evident from

Fig. 2 (right). No quantitative agreement with the predicted intensities shown in Fig. 2 (left) could

be obtained, which needs further investigations.

Figure 2: (left) normalized scattering intensities in a crystal truncation rod scan through the (331)ZB recip-

rocal lattice point (RLP) for the ZB, WZ, 4H and 6H structure calculated from the structure factor. (right)

crystal truncation rod scan through the (331)ZB RLP performed in coplanar scattering geometry. Scattering

intensity of ZB, WZ, 6H and 4H structure is found.

Conclusions

Using XRD we investigated InSb whiskers in the as grown state and collected data from large en-

sembles of whiskers. In contrast to the ensemble measurements TEM was used to reveal structural

defects such as stacking faults and segment length of the different structures in these whiskers.

Correlating results obtained by TEM and XRD leads to a complete picture of the structure of these

self-seeded InSb whiskers, for which not only the stable bulk ZB phase but also the WZ, 4H and

6H structure was found.
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This contribution shows the results of the WAXS measurements on functionalized and 
unfunctionalized multi-walled carbon nanotubes provided by FutureCarbon GmbH. The aim was to 
investigate their structural properties and layer distances as well as the influence of 
functionalization of the sidewalls via a direct covalent sidewall functionalization. 

Experimental: 

The measurements were carried out at the A2 beamline at HASYLAB, DESY (Hamburg, 
Germany) with a WAXS-detector distance of one meter and a beam wavelength of 0.15 nm. The 
reference sample for calibration has been a piece of PET. All samples have been prepared by giving 
grinded MWCNT into a thin aluminium foil and fixing it in a sample holder. 

Results and Discussion: 

Figure 1 shows the comparison between amine functionalized multi-walled carbon nanotubes from 
FutureCarbon and unfunctionalized purified MWCNT of the same batch. The signals of the two 
different MWCNT samples are showing two different peaks at 2Θ = 23.53° and 27.86° (d =  0.41 
nm and 0.31 nm). Compared with the common known layer to layer distance of turbostratic 
disordered graphite layers and the distance value of CNT walls of ~0.34 nm known from literature 
[1,2,3] most of the walls in average have a smaller wall-to-wall distance. The appearance of the 
second peak is interesting. It relates with a distance of d = 0.41 nm, which is 1.2 times the literature 
value.   
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Figure 1: WAXS measurement of functionalized and unfunctionalized MWCNT 

Comparing the results for the unfunctionalized MWCNT with the TEM picture (fig. 2) of the 
unfunctionalized sample, the small peak could be explained by a disorder of the outer MWCNT 
walls. These disturbed walls have a bigger layer distance than the ordered walls. The reduction of 
the intensity of the small peak can be tracked back to the mechanism of the functionalization, 
which tells us that first the defect sites, and second the non-defect sites of the CNT were 
functionalized [1,4]. This may lead to a reduction of internal stress and so to a realignment of the 
walls. A second reason may be that the imperfect walls, which can be found in fig. 1, were partially 
removed from the CNT surface, which leads also to a more ordered system. 

 
Figure 2: TEM measurement of unfunctionalized, purified MWCNT-FC 

 

In order to prove these assumptions, and to investigate the differences between CNT with different 
kinds of functional groups, further measurements should be made. 

Conclusion: 

Based of these first studies of unfunctionalized, purified and functionalized MWCNT-FC it can be 
said that there is an influence of the functionalization on the structure of the MWCNT-FC. The 
defects and unordered structures of the CNT known from the TEM measurements can be visualized 
with WAXS, which additionally gives more information about structure and quality of MWCNT. 
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Fe layers deposited on silicon have been subject of numerous investigations in the past, since 
this interface implies both the most common pure ferromagnetic material and the most used 
semiconductor in industry. One of the global aims of these researches is to provide recipes for 
fabrication of ferromagnetic contacts on semiconductors for spin injection. However, the spin 
injection efficiency is strongly dependent on the reactivity at interface. At the same time, the 
magnetism itself of the layers is strongly perturbed by the interface reactivity [1]. 
 To date, extensive studies were carried out involving especially Fe/Si(111) interfaces 
[2]: firstly, since the Si(111) c(7x7) interface is easier to synthesize than the Si(001) c(2x1) 
interface. Secondly, the Si(111) surface may be passivated (e.g. with hydrogen) and one 
expects a lower interface reactivity in this case [3]. Nevertheless, the Fe reaction at the 
Si(111) interface remains very important and this strongly affects the magnetism of very thin 
layers, promoting dead silicide layers of several angstroms [4]. 
 This work presents a significant part of the efforts undertaken in our group concerning 
the synthesis of ultrathin ferromagnetic Fe layers on Si(001). The synthesis variable 
parameters are: (i) the substrate temperature during Fe deposition; (ii) the quantity of Fe 
deposited; (iii) other surface treatments (plasma, sputtering, passivations) prior to Fe 
deposition. The interface reactivity is characterized by Auger electron spectroscopy (Fig. 1) 
and by high-resolution photoelectron spectroscopy. The surface structure is characterized by 
electron diffraction techniques: RHEED and LEED (Fig. 2). The local order about Fe atoms is 
investigated by extended X-ray absorption fine structure (EXAFS) techniques using 
synchrotron radiation at Hasylab, Hamburg, beamline A1 (Fig. 3) and the magnetism by 
magneto-optical Kerr effect (MOKE, Fig. 4). A general trend established is that a higher 
temperature stabilizes a better surface ordering, but enhances the Fe and Si interdiffusion and 
therefore decreases the magnetism. Also, a surprising effect obtained by Fe deposition at 
lower temperatures is that, despite the rapid vanishing of long range order with Fe deposition 
(no LEED pattern is observed for Fe coveage exceeding one monolayer), there exists a 
significant in-plane anisotropy (Fig. 4a). XAFS data evidencedstrong reactivity and the 
formation of FeSi and FeSi2 when the substrate temperature is increased. However, though 
most of the Fe has reacted with silicon, there still exists a detectable magnetism (Fig. 4b). 
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← ↑ Figure 1. Auger electron 
survey of Fe/Si(001) interface 
formation: (a) Fe LMM-LVV 
signal; (b) Si LVV and Fe MVV 
signal. 

 

 

(a)  

 
(b) 

 
(a) 

 
(b) 
 
← Figure 3: X-ray absorption 
fine structure of 2 nm Fe/Si(001): 
(a) the X-ray absorption near-
edge region (XANES); (b) the 
Fourier transform of the EXAFS 
function, evidencing interatomic 
distances. 

Figure 2 ↑: Evolution 
of LEED patterns 
with Fe deposition at 
500 °C. Top: clean 
Si(001); middle: 0.7 
Å deposited; bottom: 
2.8 Å Fe/Si(001). 
 
 
← Figure 4: MOKE 
hysteresis loops of 
about 2 nm of 
Fe/Si(001) deposited 
at room temperature 
(a) and at 500 °C (b). 
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Nanostructured TiO2 materials with controlled amounts of dopant nitrogen feature improved 
photocatalytic activity. The red-shift of the absorption edge of N:TiO2 is still disputed, two main 
hypothesis ascribing it to the  shrinking of band gap, or to the occurrence of new electron states within 
the band gap, as a result of doping [1,2]. According to our previous results ([3] and references therein), 
introducing nitrogen gas in the process discharge for doping results in very low content of N content in 
the films, due to low affinity of Ti for nitrogen. Instead, we propose here an alternative method for 
nanostructured TiOxNy films synthesis using the sintered titanium nitride sputter target. Thus, we 
managed to conveniently adjust the N/O content balance in the films by controlling the O2 gas flow in 
the discharge. The films were grown in an RF- and a pulsed DC discharge, respectively (13.56 MHz, 80 
W, and 350 kHz, 250 W) by sputtering a 3” dia. ceramic TiN target (K. J. Lesker). By scanning the mass 
flow rate of the introduced O2 within the 0 - 5 sccm range, oxygen deficient n-doped titania films with 
controllable properties have been prepared. Film morphology, structure, elemental composition, and 
band gap values have been derived from the AFM (NT-MDT Pro 7 Solver), XRD (Shimadzu), XPS (Phi-
UlvacVersa Probe 5000), and spectrophotometry (Perkin Elmer Lambda 3) data, respectively. Additional 
information on the oxidation state and local atomic ordering has been derived from XAFS measurements 
performed at DESY Hasylab storage ring facility in Hamburg, Germany, on the E4 beam line.  

The results will be discussed in our full-length contribution by accounting the link between the 
chemical reactivity and the alterations in the electronic structure of the materials induced by doping. 
Here, we only introduce the few results depicted in Figs. 1 through 4. The AFM surface views and an 
XRD plot (here for the highest oxygen content sample) are shown in Fig. 1. Mean roughness values 
range between 5 and 8 nm, while the grazing angle XRD patterns showed the existence of significant 
amounts of rutile phase, but hardly noticeable anatase-ordered domains within an amorphous matrix. The 
Ti2+, Ti3+ and Ti4+ components occur in all the XPS spectra with surface ratios little affected by changing 
the O/N balance. Two remarkably well-resolved N1s core level XPS spectra with specific inversion of 
peaks are shown in Fig. 2.  

Fig. 3 shows the Ti K-shell XANES spectra of two representative sets of samples, and the cor-
responding spectra of anatase titania and metal Ti. The integral amplitude of the pre-edge structure is 
roughly proportional to the concentration of the 3d vacancies of the absorbing atomic species [4]. An 
estimate of the amplitude of this pre-edge peak allowed us to infer the titanium 3d population (for 
instance, a 3d2 configuration is inferred for the high nitrogen content sample 24-31), corresponding to an 
average Ti2+ state. The XANES resonances are quite similar to anatase titania in terms of local atomic 
configuration around Ti ions. As shown in Fig. 4, the Fourier transform (FT) analysis of the EXAFS 
spectra, the FT of the samples feature a splitting of the 1-st and 2-nd coordination shell. Inter-atomic 
distances denoted by [1] correspond to Ti-O inter-atomic distances, whereas the distances denoted by [2] 
are Ti-N distances (shorter by 0.18 ± 0.02 Å in the 1-st coordination shell and by 0.36 ± 0.03 Å in the 2-nd 
coordination shell with respect to the corresponding Ti-O distances). No noticeable differences are 
observed with respect to anatase FT in the third coordination shell, but Ti-Ti interatomic distances are 
also encountered [5]. On the other hand, by comparison with the metal Ti FT, we infer that formation of 
metallic Ti-Ti bonds should be excluded, a fact demonstrating good sample homogeneity. 
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Fig. 1: (a) AFM images of the surface of a TiOxNy samples ; 
(b) The XRD plot of the lowest nitrogen content sample. Fig. 2. Evolution of Ti 2p and N 1s core level XPS spectra 

upon decreasing the nitrogen content in the films. 

Fig. 3: Fig. 3: X-ray absorption near-edge structure (XANES) at  
the Ti - edge for the same materials. 

Fig. 4: The Fourier transforms of the X-ray absorption 
 near-edge structure (EXAFS) at the titanium K-edge. 
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LaNiO3 is one of the few conductive oxides with a crystal structure suitable for integration in 
epitaxial heterostructures with perovskites of enormous technological potential such as 
colossal magnetoresistance materials, high-temperature superconductors and ferroelectrics. It 
is known that the considerable surface segregation of elements may place in LaNiO3-x 
samples. Another factor to be considered is the tendency of rare earth and nickel oxides to 
absorb water vapor and carbon dioxide from air, so that any ex situ exposure of these films to 
air will result in an uncontrolled reaction and surface stoichiometry variation [1]. Thus the 
knowledge of the surface composition is extremely important because it is directly related to 
the heterostructures properties. 
In the previous papers by means of X-ray photoelectron spectroscopy (XPS) using Mg Kα 
excitation (hν = 1253.6 eV), it was shown that even the short time (about two hours) exposure 
to an outside ambient lead to the formation of the hydroxide layer on the film surface. The 
escape depth at these conditions is about 4 monolayers (ML) for the La 3d and Ni 2p spectra 
of interest. Angle dependent spectra, obtained with synchrotron X-rays at much higher 
energies (hν = 3000 eV, escape depth about 10 ML) reveal that significant variations of in 
oxide vs. hydroxide concentrations occur within the relatively thin surface layer even after 
long-term (one year) exposure to the atmosphere. Estimated thickness of this hydroxide 
enriched layer is of about 6 ± 1 ML [2]. The initially hydrated LaNiO3-δ surface may be 
restored by heating above dehydration temperature. Nickel hydroxide, in turn, decomposes at 
T > 230 °C (melting point). When heated to decomposition it emits toxic fumes of metallic 
nickel, and one would expect a decrease of Ni-species relative concentration in the previously 
hydrated surface layer. 
The aim of this work is to we studied the surface electronic structure and chemical 
composition of LaNiO3-δ thin films after heating above dehydration temperature about 500 
°C.. The experimental method used in this study was resonant photoemission spectroscopy 
using tunable synchrotron radiation. Thin LaNiO3-x films onto monocrystallyne (100)-plane 
oriented NdGaO3 substrate were deposited by using a reactive DC magnetron sputtering 
technique. The film was annealed at 560ºC under UHV (10-10 torr) conditions for 10 hours. 
Additional Ar+ ion sputtering at 600 V and current density 0.5 µA·cm-2 during 15 min were 
used to remove surface contamination. The resonant photoemission experiments were 
performed in the synchrotron radiation laboratory HASYLAB, Hamburg (Germany). 
Synchrotron radiation obtained from the storage ring DORIS III was monochromatized with 
the FLIPPER II plane grating vacuum monochromator designed for the photon energy range 
of 15–200 eV. The spectrometer was equipped with a CMA electron energy analyzer. The 
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total energy resolution was kept at 0.1 eV. The origin of the energy axis was set at the Fermi 
energy as measured for a reference metallic sample. 
The giant resonance in La 5p and La 5s peaks intensity observed at excitation energy 
corresponding to a La[4d → 4f] threshold (hν = 119.5 eV) is accompanied by a weak 
resonance of N4,5O2,3O2,3

 and N4,5O2,3V Auger peaks (see Fig, 1). The obtained results are in 
an agreement with the model of an autoionization process after resonant excitation. The 
relatively week enhancement of the intensity of valence band maxima (at about 6 eV) may be 
explained by the small mixing of the La 5d ionic character to the O 2p valence band. The 
difference between ON- (hν = 119.5 eV) and OFF- (hν = 127 eV) resonance photoemission 
spectra clearly indicates that only bonding (i.e. O 2pσ) states around 5-7 eV participate in the 
observed VB enhancement, while peak around 3 eV corresponding to nonbonding O 2pπ 
molecular orbital is actually insensitive to resonant La 4d → 4f excitation. 

Contrariwise, no changes were observed in VB spectra under Ni 3p → 3d excitation 
threshold. This result means that only traces of the nickel species may be present at the film 
surfaces within the escape depth (about of 2 ML) after the heating above dehydration 
temperature 550 ºC.  
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Figure 1. Representative energy distribution curves for the core level ( La 5s and La 5d) and Auger 
(N4,5O2,3O2,3 and N4,5O2,3V) electrons in LaNiO3-δ thin film recorded around the lanthanum  
La[4d → 4f] transition energy. Excitation energies are also shown.  
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The phenomenon of mixed-valence behaviour of certain impurities that in PbTe-based alloys give 
rise to appearance of a series of unusual effects (such as Fermi level pinning and persistent 
photoconductivity at low temperatures) is still unresolved. While it is believed that group III 
impurities (e.g. In and Ga) change their valence from nominal 2+ to a mixture of 1+/3+ states [1], 
for Yb valence switch from +2 to +3 is suspected [2]. As a typical divalent metal, ytterbium enters 
PbTe by replacing Pb2+ and hence a nonmagnetic Yb2+ state is expected. However, impurity-induced 
magnetic response, related to the presence of magnetically active Yb3+ ions, is observed in a number 
of PbTe-based alloys [2]. The change of the Yb valence state is ascribed to change of the f-shell 
occupancy, from 14 electrons in Yb2+ (4f145d06s2) to 13 electrons in Yb3+ state (4f135d16s2), and is 
accompanied with charge redistribution in the local surrounding of the impurity atom. 

To determine exact ytterbium charge state in PbTe:Yb(1.3 at.%) we performed XANES (X-ray 
Absorption Near Edge Structure) measurements at beamline X1 of HASYLAB (DESY) at two 
different temperatures (20 and 293 K). Data analysis is performed using ATHENA and ARTEMIS 
packages [3]. Figure 1 shows normalized Yb LIII-edge XANES spectrum taken at 293 K (circles), 
compared to the model XANES spectrum (dotted line) that assumes Yb placed at regular PbTe 
lattice position. The absorption spectrum taken at 20 K (not shown in Figure 1) almost completely 
match that at 293 K. 

 

Figure 1: PbTe:Yb(1.3 at. %) XANES spectrum taken at Yb LIII-edge at 293 K (circles); theoretical model of 
Yb at regular PbTe lattice position (dashed line). Red line represents the linear fit obtained using two 

arctangent and two Lorentzian functions (full lines) . 

As it can be seen from Figure 1, the model spectrum has one intensive peak (“white line”), whereas 
the experimental spectra at both temperatures have two distinct peaks separated by approximately 7 
eV. In both experimental, and in model spectrum, the main peak at the absorption edge is positioned 
at 8943.5 eV and corresponds to Yb2+ configuration [4]. The second peak in the experimental 
spectra at  8950 eV which corresponds to presence of Yb3+ ions [4], explains the reduced intensity 
of the experimental white line. In the higher energy region the spectra completely match, indicating 
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that only the local structure of the nearest coordination shells is affected by Yb presence, in 
agreement with our EXAFS (Extended X-Ray Absorption Fine Structure) results [5].  

To determine fraction of divalent and trivalent Yb ions in the investigated sample, the linear peak fit 
analyses [3] is conducted. The normalized XANES spectrum is fitted with two arctangent functions 
representing the LIII-edge absorption and two Lorentzian functions representing the white line (see 
Figure 1). From the relative intensities of the two Lorentzian functions the following Yb2+:Yb3+ ratio 
is obtained 88:12 % at 20 K and 84:16 % at 293 K. 

Obtained results suggest that, in contrast to current belief, ytterbium does not switch its valence, but 
rather exists two different valent states. Presence of Yb3+ can not be explained as due to existence of 
a different impurity phase, since inside PbTe lattice Yb occupies the same crystallographic site as Pb 
it replaces. Given that our EXAFS and XANES spectra analysis [5] strongly support the NaCl-type 
structure of the investigated sample, it is then more likely that Yb is in intermediate valent ground 
state which comprises a mixture of 4f14 and 4f13 states. Induced by hybridization between localized 
4f and conduction electrons, such a ground state is believed to be responsible for the valence 
instabilities phenomena observed in many rare-earth based compounds [6]. Another explanation 
could be the self-compensation effect, proposed in [2], which assumes the formation of native 
acceptors to compensate for the donor effect of doping. Detailed band structure calculations, 
necessary to resolve these doubts, are in progress. 
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The main objective of this work was to follow the strain distribution within Cu45Zr46.5Al17Ti1.5 bulk 
metallic glass undergoing bend deformation using in-situ hard X-ray diffraction. The special 
emphasis was placed at the observation of differences between the strain distributions within 
Cu45Zr46.5Al17Ti1.5 bulk metallic glass when exposed to different levels of bending deformation. X-
ray diffraction experiments using high-energy photons were performed at the BW5 wiggler 
beamline of DORIS III positron storage ring at DESY. During experiments, the beam energy was 
set to 100 keV. The beam cross section was set to 1 mm × 0.1 mm. Bar shaped samples having the 
length, width and thickness of 30, 1 and 0.5 mm, respectively. They were bended using two benders 
having curvature radii 10 and 20 mm, respectively. As can be seen from Fig.1a, central part of 
specimen undergoing bending deformation was scanned as indicated by open circles. The step size 
was 0.1 mm. In total about 10 different position were scanned. To improve overall statistics, about 
seven independent scans were taken from each position along the sample width. The strain 
determination of bulk metallic glasses from x-ray diffraction data is based on concepts previously 
reported by Poulsen et al. [1]. 

        (a)    (b) 

Figure 1: (a) Schematic drawing showing bending geometry and area (depicted by circles) which was 
investigated using high-energy X-ray diffraction. (b) Typical two-dimensional diffuse X-ray diffraction 

pattern of investigated alloy, together with polar coordinate system applied for quantitative strain analysis. 

Doing fine scans on BMG sample exposed to bending deformation revealed that the upper part is in 
horizontal direction effectively compressed whereas the bottom part is effectively stretched. 
Comparing results for two different bending radii (R=10 and 20 mm) we found that the zero stress 
region lays within the central part of the specimen. Furthermore, larger bending radius implies 
smoother strain gradient along the specimen width. 
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Hydrogen is one of the most promising renewable energy sources for mobile and stationary 
applications for a “green” future. In present applications hydrogen is stored either in liquid or 
in gaseous form. However, these storage techniques have major drawbacks. Due to those low 
hydrogen capacities (max. 5wt% hydrogen) and low explosion level of hydrogen, high 
requirements on the carrier system have to be managed. Hydrogen stored in solid state 
systems circumvents these problems. However, due to storage capacity, weight and 
volumetric density of the carrier system, only light metal hydrides are favoured materials for 
hydrogen storage in mobile applications.  

One promising new class of materials are the Reactive Hydride Composites (RHC) [1, 2]. 
These systems show reduced total reaction enthalpies at high storage capacities. Especially 
the system of 2LiBH4 + MgH2 ↔ 2LiH + MgB2 + 4H2 shows a few promising features. It has 
a theoretical storage capacity of 11.4 wt% hydrogen and an equilibrium pressure of 1bar H2 at 
170°C. During the endothermic desorption reaction the exothermic formation of MgB2 
proceeds and thereby lowers the total reaction enthalpy. However, the system shows very 
slow reaction kinetics and can therefore be presently operated only at temperatures very much 
above the thermodynamic equilibrium. With suitable catalytic additives the kinetics is 
improved by an order of magnitude [3]. Characterization of these additives, their chemical 
state and distribution is the key to understand the hydrogen absorption and desorption 
mechanisms. 

High reaction rates and reversibility are obtained in the 2LiBH4-MgH2 system with addition 
of NbF5. To investigate the size and distribution of the Nb phase in the initial as well as in the 
cycled state, ASAXS measurements at the Nb-K edge were performed. 

LiH-MgB2 composites with 10 mol% NbF5 additive were prepared by high-energy ball 
milling. The cycled states were prepared in a Sieverts type titration apparatus. For ASAXS 
measurements, the powders were enclosed within Kapton tape in the sample holder to avoid 
oxidation of the samples. 

In order to separate the scattering of Nb-containing structures ASAXS measurements at five 
different energies close to the Niobium K-edge were performed at beamline B1. Additionally 
XAFS/EXANES measurements were necessary to determine the so-called anomalous 
dispersions correction factors f’, f” as well the chemical state.  

In figure (a), the absorption curves measured in transmission at beamline C at the Nb K-edge 
at 18986 eV are shown. The RHC samples show a significant shift to lower energies in 
comparison to the initially added NbF5 already after milling. A large agreement in edge 
position as well as in the post edge features are observed with NbB2. The chemical state upon 
further cycling appears to be stable. The results are similar to those reported for Zr-based 
additives [4, 5].  
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(a)  (b) 

(c)   (d) 

 
The distance distribution functions of Nb structures in the samples with different cycling 
states calculated from the pure resonant scattering data using the program Gnom are shown in 
figure (d). Nanostructures in the range of 11-15 nm are determined. After first desorption larger 
structures are formed which are stable upon further cycling. Similar results were obtained by 
investigations of RHC samples with the additives TiF4 and ScCl3 performed at low energies at the 
ASAXS instrument at BESSY/HZB (Berlin). 
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The main goal of this project is the investigation of the chemical order inside bimetallic 3d/4d 
nanoparticules of magnetic interest in relation with the thermodynamics of the systems. The 
particles are elaborated in solution from organometallic precursors and kinetic control of the release 
and aggregation of the metal atoms in nanoparticules is one of several key parameters for the final 
magnetic properties. 

This study is actually a follow up of the previous project dealing with the study of the influence of 
the presence of various surfactants on the chemical order in the nanoparticules, kinetic factors being 
stable for the different systems [1-5]. Studies pointed to a strong segregation, with Rh at the core: 
even for relatively small amounts of Rh, EXAFS at Rh-edge was very close to the one of bulk metal 
while Co-edge EXAFS pointed to a disordered environment for Co, dominated by distances with 
light non-oxidizing atoms, actually light atoms from the surfactants (Figure 1). 

 

 

 

 

 

 

Figure 1: Uncorrected exafs Fourier transforms modulus for PVPCo1Rh3 at the Co and Rh edges, compared 
with a Rh foil or simulations. 

The same behaviour was observed for FeRh nanoparticules prepared following the same synthesis 
conditions, i.e. H2 reduction of organometallic precursors: for Rh content as low as 20%, Fe and Rh 
were nearly fully segregated, with a well organized Rh core and a disordered Fe shell (Figure 2).   

 

 

 

 

 

 

 

Figure 2: Left: XAS at Rh K-edge (inset: uncorrected FT). Right: Fe K-edge (inset: first derivative in 
XANES region). 
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The systematic bias in metal arrangement in the particles was finally attributed to very different 
decomposition kinetics for the organometallic precursors under H2, promoting the rapid growth of a 
Rh core. New kinetic conditions were introduced for the most recent syntheses with the use of a 
new reducing agent. These conditions should promote much finer intermixing of the species. 

The last measurements performed on new these FeRh samples and pure Fe and Rh nanoparticules 
prepared in the same conditions for comparison, on beamline C at Rh-edge and beamline E4 at Fe-
edge, indeed indicate a quite different chemical organization (Figure 3). 

 

 

 

Figure 3: Uncorrected Fourier transforms modulus of the EXAFS signal for: (a) Fe85Rh15 NPs (1) (solid line) 
and Fe NPs (2) (dotted line), (b) 1 (solid line) and Rh NPs (3) (dotted line). 

At Fe edge (Figure 3, left), the distribution of distances is very close for Fe85Rh15 NPs and pure Fe 
ones, and not significantly wider than for a Fe foil. On the contrary, Rh environment is much more 
dispersed than in both Rh foil and pure Rh NPs, with a higher distances part attributed to Rh-Rh 
distances, and a lower part indicating shorter bonds with Fe atoms. The overall organization is best 
described as small clusters of Rh decorating the surface of Fe nanoparticules [6]. 
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Ceramic materials can offer significant advantages compared to metallic materials particularly in 

applications with high tribological loads and thermal stresses. Due to their outstanding properties 

such as hardness and thermal resistance, only grinding technologies can be applied for high-

precision finish machining. The boundary layer properties of ceramics determine the mechanical 

resistance, durability and performance characteristics of the components. As a result of cutting 

technologies, positive or negative residual stresses can be induced in the boundary layer [1]. For 

mechanical resistance it has been discovered, that inherent compressive residual stresses usually 

have a positive effect on the durability. In this work, the influence of the machining strategy of 

surface grinding with creep feed kinematics on residual stresses of the ceramic materials silicon 

nitride Si3N4 and silicon carbide SiC was investigated. Si3N4 has industrial relevance in applications 

such as valve seating’s and coatings of cylinder walls, SiC can be applied in chemical installations, 

mills and as nozzles. As shown in the REM-images in figure 1, the machined work pieces feature 

significantly different surface characteristics. 

 

a)                                                                                          b) 

Figure 1: Picture of the surface of a) SiC and b) Si3N4 sample after machining 

 

The residual stresses were analyzed using the beamline G3, MAXIM, HASYLAB at DESY in 

Hamburg [2-5]. The sin²psi-method was used for the evaluation of the experimental data obtained 

under different conditions. Different lattice planes and wavelengths were selected for achieving the 

diffraction information depth (SiC {203}, SiC {208}, Si3N4 {330}, Si3N4 {122} and Si3N4 {151}, 

two different wavelength: 1 = 0,17889 nm and 2 = 0,2 nm). 

The penetration depth was defined by 63, where 63% of the diffraction intensity is collected [6]. 

With this method residual stress gradient profiles over the depth are accessible. 
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        a)                                                                      b) 

Figure 2: Depth resolved residual stress gradient in longitudinal and transversal direction of  

a) SiC and b) Si3N4 after machining 

 

In the SiC and Si3N4 samples only showed compressive residual stresses over the penetration depth 

from  ~12 to ~18 µm. The compressive residual stress level in the longitudinal direction is higher 

than in transversal direction. 

The Si3N4 sample shows a homogeneous residual stress level of about -40 MPa in the range of 

penetration depth from ~12 to ~18 µm. The residual stress level in longitudinal direction is about  

-70 MPa and in the transverse direction about -40 MPa. 

The results will give comparative information about the process immanent impact of creep feed and 

speed stroke grinding and thus support the transformation of the innovative speed stroke kinematics 

for surface and profile grinding from laboratory knowledge to industrial application. Improved 

material removal rates, as possible with speed stroke kinematics, can have positive or negative 

effects on properties of the boundary layer. Based on the present and future results, changes of 

process parameters in terms of integrity of the boundary layer will be investigated.  
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Lu2O3:Eu phosphors were recognized as attractive X-ray excited scintillators either in the form of 
transparent sintered ceramics or powders [1].  These advantages offered by the host lattice are high 
density (d = 9.4 g/cm3) and high effective atomic number (Zeff. = 63.7).  Their combination gives 
high photofraction.  Finally, it was shown that Lu2O3:Eu has high conversion efficiency which 
reaches 30 000 – 35 000 ph/MeV [2].  In depth understanding of the material properties can allow 
for further improvement of its characteristics.  Among others, there is a need to reduce the 
afterglow appearing after stimulation with ionizing radiation.   

 

Figure 1:  Emission spectra of Lu2O3:Eu
3+

 excited with 205 nm photons at 10K with the activator 
concentrations being 0%, 0.1% and 1.0% for materials with different average crystallites size: a) 6 nm; b) 50 

nm and c) 150 nm.  d) presents excitation spectra of 
5
D0→

7
F2 luminescence (λ=610 nm) at 10K for 

Lu2O3:Eu
3+

 0.1% of different average crystallite sizes: 6 nm, 50 nm and 150 nm.  The inset shows magnified 
structures around the vicinity of the host lattice absorption (HL) and free exciton (FE). 

Samples of Lu2O3 containing 0-1% of Eu
3+

 ions with respect to Lu were synthesized using 
combustion technique with glycine as an organic fuel.  Varying the ratio of metal nitrates and 
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glycine allowed obtaining materials with average crystallites size of about 6 nm and 50 nm.  
Powders with crystallites of about 150 nm were prepared by annealing of the 50 nm powder at 
1300

o
C in air atmosphere.  Structure and morphology of the powders were determined using 

powder diffraction technique and transmission electron microscopy.  Details are given in [3].   

Materials were investigated using Superlumi (beamline I) setup [4] at DESY-Hasylab in Hamburg, 
Germany.  Figure 1 a)-c) presents low temperature (10 K) emission spectra for powders with 
different crystallite sizes and activator concentration upon the excitation with 205 nm photons.  It is 
clearly seen that undoped Lu2O3 samples produce luminescence covering broad range of 
wavelengths.  This emission becomes more complex with increase of the size of crystallites.  Broad 
band emission with maximum at 450 nm for 6 nm sized lutetia was assigned to a defect(s), quite 
probable that associated with surface of the particles.  This supposition is reasonable due to the 
decreasing intensity of the luminescence with increasing size of crystallites.  Additional 
luminescent structures peaking at 250 nm, 317 nm and 340 nm appear only for samples with larger 
crystallites - 50 nm and 150 nm.  The highest energy band was ascribed to the radiative 
recombination of electrons from conduction band and holes from valence band.  Origin of the 317 
nm luminescence is not clear. It shares its characteristics with a similar emission of high purity 
TiO2, and for which it was ascribed to the recombination of the free excitons (FE) [5].  Origin of 
the component with maximum around 340 nm was not clearly explained, yet.  Superposition with 
450 nm band troubles the accurate analysis.   

The luminescence changes strongly with incorporation of Eu
3+

 into the host.  Activator ions 
efficiently compete for the energy deposited in the host convert it into their own red emission, 
typical for Eu

3+
 in.  Effectiveness of the quenching of the host-related luminescence features by the 

dopant depends on the size of the crystallites and activator concentration.  For 6 nm samples some 
1% of Eu

3+
, for 50 nm – somewhere between 0.1% and 1.0% and for 150 nm crystals not more than 

0.1% of the dopant is sufficient to completely remove all the host-related emissions.   

Figure 1d) shows excitation spectra of the 
5
D0→

7
F2 luminescence (610 nm) for Lu2O3:Eu powders 

of different crystallite sizes and containing 0.1% of the activator.  Clearly, with increasing size of 
the crystallites the efficiency of the short-wavelengths components increases which proves 
increasing efficiency of the energy transfer from the excited host of Lu2O3 to the activator.  The 
band around 240 is basically connected with O

2-
�Eu

3+
 charge transfer absorption.  Intriguing, a 

narrow line-type feature at 212.9 nm is observed.  Its shape and location, just in the very vicinity of 
the host lattice fundamental absorption, tells to assign it to the formation of free exciton (FE).  It is 
not quite clear if FE is also seen in the powder consisting of the smallest crystallites.   

Summarizing, it has been shown that Eu
3+

 quenches the low temperature Lu2O3 host lattice 
luminescence.  The concentration of activator needed to totally eliminate the host emission depends 
on crystallite sizes.  Both free carriers, electrons and holes, and free exciton are able to efficiently 
transfer their energy to Eu3+ and stimulate it into efficient red luminescence.   
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The anisotropic  behaviour  of  metals,  ceramics,  polymers  and  rocks  is  related  to  single  crystal 
properties  and  grain  orientation  distributions  (microstructure  and  crystallographic  texture). 
Conventional method to measure the texture is based on x-ray diffraction. This technique is limited 
on the surface because of the low penetration depth. Another advanced diffraction technology using 
high energy synchrotron allows investigations  in the bulk and in  large scaled materials  without 
complicate  sample preparations,  due to the much higher penetration power for many materials. 
However,  absorption  of  photons  in  complex  samples  plays  an  important  rule  for  intensity 
calculations.  In general,  pole  figure  intensities  of  some  thousand pole  figure  points  need  high 
quality integral intensities, that corrections for constant photon flux, constant scattering volume and 
anisotropic absorption are necessary [1]. 

The current research deals with three Cu samples of different shape prepared from an industrial hot 
rolled sheet. A cylindrical sample of 10mm in diameter is considered as a reference sample. Gage 
volume and absorption is equal during sample rotation around  ω to cover complete pole figures. 
Whereas,  the  quadratic  sample  of  10x10mm2 and  the  rectangular  sample  10×20mm2 show 
remarkable variations in scattered sample volume and absorption. The texture measurements were 
carried out in steps of 5° in ω rotation about the longitudinal axis of the sample from 90° to 270° 
using  the  MAR345  detector  at  HARWI-II  with  100keV.  The  data  were  analysed  by 
“StressTexCalculator” a software package which is able to extract pole figure intensities including 
an automatic correction for constant photon flux [2]. One way to overcome volume and absorption 
correction is to work with incomplete pole figures to reduce the influence of anisotropic absorption. 
It has to be noticed that in many cases the quality of quantitative texture data is much lower. The 
correction was performed in the following procedures. Figure 1 shows the influence of the sample 
shape of the rectangular sample using a background pole figure as indicator.  Higher intensities 
represent regions with less absorption.

Fig. 1: Background pole figure of the Cu-sample 20x10mm² 
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The intensity corrections,  in  addition  to  photon  flux  correction,  were  carried  by the  following 
equations. It can be seen that both contributions work opposite. Moreover, the linear absorption 
coefficient µ plays an important rule.

                                                     I(d) = I0 · e
-µd

        µCu = 4.6062 cm-1                                     (Eq. 1)

                                                 V(d) = d ·A                                                                                (Eq. 2)

Theoretical calculation for the rectangular sample results in a factor of about 52.4 between shortest 
and longest sample distance during ω rotation. 

a (111)

Pmax = 5.5 mrd

b (111)

Pmax = 10.5 mrd

c (111)

Pmax = 4.8 mrd

Fig 2: Cu (111) pole figures a) round sample no correction b) rectangular sample no correction 
c) rectangular sample correction 

One can see clearly the over interpretation of the some regions in the rectangular sample (figure 2b), 
directly correlated to the background pole figure (figure 1). This results in a Pmax 10.5 mrd value 
(mrd – multiple random) which is nearly twice as high than in the round sample. Also the central 
part of the pole figure is not well described by the rectangular sample without correction.  

This type of corrections is quite simple because of the mono-phased Cu and the relatively simple 
sample geometry. Much more complicated is the anisotropic absorption in composites with lamellar 
microstructure as been described by Bunge et al.[3]. 
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Semiconductor nanorods are promising for applications in optoelectronics [1]. GaN based semi-
conductors have already been incorporated into commercial light emitting diodes (LEDs) and laser
diodes (LDs) that operate from the UV to the green wavelength region [2]. In most cases, GaN is
grown on sapphire or SiC substrates. Such conventionally grown GaN is characterized by a high
density of threading dislocations in the range from 109 to 1010 cm−2, which arise from the differ-
ence in lattice constant and thermal expansion coefficient between the nitride and the substrate.
GaN nanorods offer a low defect density [3] and can be obtained by different growth methods like
metal-organic vapor-phase epitaxy (MOVPE) or molecular-beam epitaxy (MBE) [4, 5, 6]. The real-
ization of catalyst-free nanorods is favorable because the incorporation of catalyst metal impurities
can lead to a degradation of the electrical and optical properties [7].
The samples were grown using a MOVPE reactor and a MBE system. First, the r-plane sapphire
was nitridated and then GaN islands were deposited at 1050◦C by MOVPE. Subsequently, the rods
were grown with MBE [8]. The nanorods grow along the [0001] direction with an inclination
angle of 58◦ to 62◦ with repect to the substrate [11̄00] direction (fig. 1), with a shape of hexag-
onal columns. The lengths of the nanorods range from about 2 to 3 µm with an aspect ratio of
approximately 10. All structures were grown at our institute in Bremen.

Figure 1: SEM images of the nanorods (28◦ to 32◦ inclination), with their orientation according to the
underlying coalesced GaN layer.

For the XRD experiments, a germanium double crystal monochromator setup was used at the D4
beamline at HASYLAB. The diffracted intensity was recorded with a Cyberstar II detector in con-
ventional θ-2θ geometry at 10 keV. Figure 2 shows reciprocal space maps of one of the investigated
samples. The first map shows a φ-ψ-scan, from which the inclination angle of the nanorods to
the substrate can be determined to about 60◦, in good agreement with the SEM data. The second
pattern is a high-resolution map of one of the two (0002) reflections. Additional reflections were
recorded to obtain further information, e. g., the strain state of the nanorods. The evaluation of
these data is still in progress.
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Figure 2: Left: Reciprocal space maps of GaN nanorods (polar plot). The two distinct peaks are the two
(0002) reflections related to the two nanorod types with opposite inclination. The inclination angle of the
nanorods to the substrate is roughly 60◦. Right: The zoom shows two satellites (near the edges of the
image), pointing to an inhomogeneous angular distribution with preferred orientations of ±3◦ with respect
to the growth direction. From the main diffraction peak, a mean inclination of 61.75◦ is found.
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Throughout the last years nanoparticles have attracted increasing scientific and technological in-
terest as modules for creating nanoscale materials with unique magnetic, electronic and chemical
properties. Due to the quantum size effect, these properties of the nanoparticles are functions of
size, shape, stoichiometry and possibly internal structure (e. g., alloy or core-shell-like). Among the
variety of nanoparticles, bimetallic systems have superior properties for applications ranging from
catalysis to magnetic storage devices. Monodisperse bimetallic nanoparticles can be synthesized
from colloidal solutions [1], achieving a very precise size and shape control. Nevertheless, the in-
ternal atomic structure as well as crystalline quality of the these structures still have to be precisely
characterized. Extended x-ray absorption fine structure (EXAFS) measurements were employed to
address these issues.
Series of different Pt containing colloidal bimetallic nanoparticle solutions have been investigated
at beamlines E2 and C. XAFS measurements on CoPt3 nanoparticles were carried out at beamline
C at the Co K-edge (7709 eV) as well as at the Pt L3-edge (11564 eV). NiPt and FePt bimetallic
nanoparticle solutions have been investigated at beamline E2 at the Ni K-edge (8333 eV), the
Fe K-edge (7112 eV), and at the Pt L3-edge (11564 eV). Both beamlines are equipped with a
Si(111) double crystal monochromator. A seven-pixel HPGe detector at beamline C and a one-
pixel HPGe detector at beamline E2 were employed for fluorescence detection. Furthermore, also
the transmission signal was detected at beamline C. The EXAFS data are being analysed using the
Athena [2] and Artemis [3] programs. Here, we examplarily demonstrate the analysis of the data
gained from the CoPt3 system. The analysis was performed in a k-range from 4 to 11 Å−1 for the
Pt L3 edge and from 2 to 10.5 Å−1 for Co K-edge, using a Kaiser-Bessel window and weighting
the EXAFS oscillation with k2 (cf. Fig. 1). The first coordination shell between R = 1.7 Å and
R = 2.9 Å has been analysed.
The results obtained from the CoPt3 EXAFS data reveal that the internal structure of the CoPt3
nanoparticles is not pure ordered fcc as theoretically expected. Co atoms show Co neighbours in
their first coordination shell which is an indication for Co-rich regions in the nanoparticles. The
analysis of the other above-mentioned bimetallic systems is still in progress.
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Figure 1: Top: Fourier transform of the first coordination shell fit of Co atoms in a special case where an
extra Co-Co scattering path was permitted. Bottom: Fourier transform of the first coordination shell fit of Pt
atoms for an ordered fcc structure.
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Investigation of aging effects of Ti containing brazing 
alloys used in SOEC environments  
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Roskilde, Denmark  

Research on hydrogen/syngas production using solid oxide electrolysis cells (SOEC) as well as on 
solid oxide fuel cells (SOFC) has increased in the last few years. Sealing is an ongoing concern for 
developers of SOEC stacks, because due to its small size, hydrogen as the primary valuable product 
can quickly leak out. Next to requirements like tolerance of high temperatures (750 -850 ° C), 
durability in reducing and oxidizing atmospheres and mechanical stability, which seals already 
have to fulfill in SOFCs, sealing materials for SOEC stacks must tolerate a high H2O content and 
have a low Si emission. Especially the last point makes the use of glass or glass ceramic seals, 
which are commonly used in SOFCs, difficult. Possible materials which could fulfill those 
requirements are high temperature metal seals [1]. Several brazing alloys (e.g. TiCuNi, Silver-ABA 
and Copper- ABA (Wesgo® Metals)) are commercially available and can be applied in the desired 
temperature range. Often these brazing alloys contain Ti as a wetting agent [2]to ensure good 
contact and adhesion between the different stack components and the braze. Unfortunately, ageing 
test of samples sealed in an inert atmosphere revealed that corrosion occurs already after short 
exposure (100 h) to Air or Hydrogen [3]. Since the Ti content in the corroded parts is high, it can be 
assumed that reduction/oxidation of Ti plays an important role in these processes. For the future 
design of corrosion stable brazing alloys for SOEC purposes it is important to investigate and 
understand the influence of the Ti content. XANES (X-ray Absorption Near Edge Structure) 
spectroscopy at the Ti K-edge can give information about the change of the Ti oxidation state after 
different exposures to Air/H2, which helps to understand the corrosion process.  
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Figure 1a: Radial distribution functions of Ti in the TiCuNi® after different heat treatments. 

 

Ti K-edge analysis was carried out to study the local structure and the oxidation state of the Ti atom 
in the TiCuNi® braze before brazing after annealing in different atmospheres. The advantage of 
this method is that also information about amorphous or inter-metallic phases can be obtained, 
unlike XRD where only crystalline phases can be investigated. Information about the oxidation 
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state, local geometry and the finger print region in the XANES region allows a determination of the 
different Ti/TiOx phases. Figure 1a shows the radial distribution function of Ti in the TiCuNi® 
after different heat treatments. The radial distribution function of TiCuNi® foil is almost identical 
with the one for the Ti reference foil with a peak around 2.51 Å. This evidence that inter-metallic 
Ti-Ti bonds and Ti-M (M = Ni or Cu) are dominant, as expected. Interestingly, after heating in 
9%H2/Ar as well as after heating in air none of these bonds were observed, instead in both cases a 
peak at 1.49 Å occurs, a typical value for Ti-O bonds. 
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Figure 1b: XANES spectra of the annealed samples, rutile and anatase. 

In figure 1b the XANES spectra of the annealed samples are compared with the TiO2 modifications 
rutile and anatase. The position of edge is closely related to the ionic state of the element in the 
compound and the energy shift of the edge can be used to detain the element valence in a new 
compound. In the here presented results, the positions of the edges for all samples are identical and 
correspond to an oxidation state of Ti4+. The pre-edge features and the fingerprint region of 
XANES spectra for the annealed samples and the rutile reference are almost identical, which leads 
to the conclusion that during the annealing process in all atmospheres Ti is oxidized to TiO2 in the 
rutile modification, oxides in other modification as well as inter-metallic significant amounts can be 
excluded. 
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It is well known that an improvement in the coincidence timing resolution of positron emission 
tomography (PET) scanners can significantly increase the quality of reconstructed images. The main 
approach that allows achieving this purpose is connected with the development and research of 
novel fast emitting scintillators. During the last years, much attention has been paid to Pr

3+
 doped 

inorganic oxides (Lu2SiO5, LuAlO3, Y3Al5O12, Lu3Al5O12 etc.) considered as potentially promising 
for PET applications. We found it interesting to expand research efforts to new oxide matrixes and 
focused our attention on Ca3Sc2Si3O12 (CSSO) which has a garnet structure and when doped with 
Ce

3+
 is known to be a useful green phosphor for white LEDs [1]. In the present research, we 

performed time-resolved VUV spectroscopic study of CSSO:Pr
3+

 using the SUPERLUMI setup 
(beamline I). Samples for this research were synthesized using high temperature solid state reaction. 

The UV part of the room temperature (RT) emission spectrum of CSSO:Pr
3+

 is formed by Pr
3+

 5d-
4f emission with a main maximum at about 320 nm and a broad defect-related emission band 
extending in the range 300 - 480 nm. The latter band is dominating in CSSO:Pr

3+
 spectrum under 

excitation at λexc = 205 nm (Fig. 1-a) and was found to be characterised by long (sub-μs range) life 
time. Features peaking at 490 and 612 nm are assigned to 4f-4f transitions of Pr

3+
 originating from 

the 
3
P0 and 

1
D2 excited states, respectively.  
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Figure 1: RT time-integrated emission spectra (a, b) and decay kinetics of Pr
3+

 d-f emission at 325 nm (c, d). 

The nature of defects responsible for the slow emission band at 300 - 480 nm can be partly 
connected with the obvious need for existence of charge compensation mechanisms required to 
accommodate the trivalent Pr

3+
 ion in the Ca

2+
 site. We tried to solve this problem by preparing 

samples with the Mg
2+

 additive, as suggested in [2]. In this case, due to their similar size Mg
2+

 ions 
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most likely occupy Sc
3+

 sites providing favourable conditions for charge compensation of RE
3+

 
impurity. As shown on Fig. 1-b, the defect-related emission is significantly suppressed in the 
composition containing 3 mol% Mg with respect to Sc. Moreover, it was observed that the quantum 
yield of this composition is substantially higher than one for the Mg-free composition.  

Fig. 2 shows some representative spectra recorded in the integrated mode monitoring the Pr
3+

 5d-4f 
emission and within “slow” time gate of 72-172 ns monitoring defect-related emission. The 
excitation bands at 288 and 224 nm correspond to direct population of Pr

3+
 5d levels. These bands 

reveal a broadening in the spectrum of Mg co-doped CSSO:Pr
3+

 that can indicate a co-existence of 
Pr

3+
 centers having different local environment likely affected by other kind of defects originated 

from different concentration of Mg
2+

 and Pr
3+

 ions. Our study of intrinsic emission peculiarities 
performed with undoped CSSO (not presented in this report) showed that the band gap of CSSO is 
about 7.1-7.3 eV. In this case, the nature of high excitation efficiency appearing in the range of 180-
200 nm is not very clear. This feature can be supposedly addressed to both energy transfer from 
defect states or population of high-energy components of the Pr

3+
 4f5d configuration. All the 

excitation spectra show relatively high intensity at the beginning of host lattice absorption 
(λexc<175 nm). The excitation spectra of Mg-free CSSO:Pr

3+
 recorded at T

 
=

 
8

 
K in general 

demonstrates a similarity with RT ones except for more pronounced contribution from defect 
absorption band at 205 nm (Fig. 1-b). 
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Figure 2: Excitation spectra recorded monitoring defect and Pr
3+

 d-f emission at RT (a) and T
 
=

 
8

 
K (b). 

The decay kinetics of Pr
3+

 5d-4f emission recorded under excitation into 5d levels at λexc = 286 nm 
can be satisfactory fitted by a single exponential curve with decay constants of 27 and 30 ns for Mg-
free and Mg containing compounds, respectively (Fig. 1-c,d). Nevertheless, it should be noted that 
the decay curve recorded for Mg-free CSSO:Pr

3+
 reveals a slight deviation from single exponential 

behaviour demonstrating appearance of slower decay component. The latter is probably connected 
with thermally stimulated ionization of electron from 5d levels to the conduction band and 
following retrapping processes with the participation of shallow traps. This effect seems to be 
absent in Mg co-doped CSSO:Pr

3+
 The decay kinetics of Pr

3+
 5d-4f emission taken for Mg-free and 

Mg containing CSSO:Pr
3+

 demonstrate different behaviour under VUV excitation above 
fundamental absorption edge. The noticeable change of decay curve shape of Mg co-doped 
CSSO:Pr

3+
 observed with different interband excitation energies indicates the existence of multiple 

processes of relaxation and trapping of carriers depending on initial escape during “hot” relaxation. 
Meanwhile, both increased concentration of defects and lower Pr

3+
 content taken place in Mg-free 

composition CSSO:Pr
3+

 permanently determines a high probability for intermediate trapping-
detrapping of migrating carriers. The time profiles of the 5d-4f emission do not show a significant 
rise for all excitation wavelengths indicating that the feeding of the emitting levels occurs in less 
than 0.5 ns. This advantage of CSSO:Pr

3+
 is very important for many high-timing scintillator 

applications as well as for PET systems. 

This research was performed in the frame of the EU STRING project (NMP3-CT-2006-032636). 
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In a previous contribution, we have reported on the effect of dissolved silicate species on the 
crystallization of calcium carbonate under precipitation conditions

[1]
. To that end, the evolution of 

crystallinity in brines prepared by directly mixing calcium chloride and sodium carbonate was 
followed in situ by means of energy-dispersive X-ray diffraction (EDXRD). Under ambient 
conditions, the temporal phase sequence ACC → vaterite → calcite could be experimentally 
verified and preliminary data on the influence of the additive suggested that silica is capable, 
presumably via superficial precipitation on precursor phases, of protecting both ACC and vaterite 
against transformation to thermodynamically stable calcite. In the present work, we extended our 
studies on these systems by investigating a wider range of silica concentrations as well as by 
varying the temperature. 

Diffraction of aqueous CaCO3 suspensions was monitored on-line using the white-beam station F3 
of the storage ring DORIS III at HASYLAB in Hamburg, Germany. Precipitation was induced by 
combining equal volumes of 0.5 M CaCl2 and Na2CO3 (containing 0-0.4 M SiO2), which were pre-
equilibrated at the desired temperature (20, 50 or 80°C). Measurements were performed under 
vigorous stirring in closed quartz vials mounted in a custom-designed apparatus allowing for a 
temperature accuracy of ± 0.5°C. Data were recorded continuously after an initial delay of 1-2 min 
for up to 3 h with an acquisition time of 450 sec using a solid-state Ge detector positioned at a 
horizontal angle of 6°. Typical diffraction patterns thus obtained are reproduced in Figure 1. 

 

 

Figure 1: Exemplary XRD profiles collected 5 and 150 min after mixing from samples at 50 and 80°C with 

and without added silica. Inserted vertical lines indicate the positions of strong calcite (red), vaterite (green), 

and aragonite (blue) peaks expected in the chosen angular interval. 
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In the absence of silica, samples were fairly crystalline already after 5 min, the dominant phase 
being vaterite at 20 and 50°C and aragonite at 80°C, in agreement with earlier work

[2]
. To trace 

time-dependent variations in the occurrence of the distinct polymorphs, their most intense 
reflections were integrated after normalization (not shown). Data evidence that metastable vaterite 
and aragonite are both converted more or less quantitatively at the end of the experiments, resulting 
in purely calcitic diffraction patterns (cf. Fig. 1). Addition of silica brings about dramatic changes 
especially concerning the stability of kinetically favored precursors. Table 1 depicts the major 
phases present under the diverse experimental conditions and their interconversion. The most 
important conclusions drawn in this study can be summarized as follows: 

20°C:  When a sufficient amount of silica is added, vaterite (V) is no longer detected as 
intermediate phase. Instead, the crystallization process is completed comparably fast 
(~20 min) yielding exclusively calcite (C). At high silica concentrations (Si/Ca = 0.333, 
0.667), early diffraction patterns display no discrete crystalline reflexes. This implies that 
amorphous precursors (ACC) are stabilized to some extent by the additive, which 
subsequently transform with time directly to stable calcite.   

50°C: Beyond a certain threshold in concentration (Si/Ca ≥ 0.080), there is no more temporal 
evolution sighted in the diffraction data. Initially formed vaterite and calcite coexist without 
notable changes in their relative fractions over the examined frame of time. Apparently, the 
silica prevents metastable vaterite from being converted to calcite. By contrast, at the highest 
studied concentration (Si/Ca = 0.667), no vaterite is observed and calcite develops gradually 
by delayed transformation of silica-protected ACC.   

80°C: Adding smallest amounts of silica entirely inhibits conversion of aragonite (A) to calcite. 
Rather, aragonite crystallizes instantaneously after mixing and persists in solution for at least 
several hours. Silica obviously hinders transformation of aragonite in a most efficient 
manner, probably because adsorption on aragonitic faces is specifically favored. Apart from 
that, the intensity of Bragg reflexes decreases as the concentration of the additive is raised 
(cf. Fig. 1), suggesting that a growing fraction of ACC becomes stabilized along with 
aragonite.  

  
A + ACCACC → CACC → C0.667

A + ACCV + CACC → C0.333

AV + CC0.133

AV + CC0.080

AV → CV → C0.040

AV → CV → C0.013

A → CV → CV → C0

80°C50°C20°C[Si/Ca]

A + ACCACC → CACC → C0.667

A + ACCV + CACC → C0.333

AV + CC0.133

AV + CC0.080

AV → CV → C0.040

AV → CV → C0.013

A → CV → CV → C0

80°C50°C20°C[Si/Ca]

 

Table 1: Observed phases and phase transformations in the course of experiments conducted at different 

temperatures and silica concentrations (given as the molar ratio of SiO2 to CaCO3). 
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Free-electron laser (FEL) sources based on self-amplified spontaneous emission (SASE) [?] can
provide intense and ultrashort (femtosecond) pulses from the vacuum ultraviolet (VUV) to the X-
ray range. These sources have the potential to record a magnetic diffraction pattern from a sample
within a few femtosecond exposure and thus to probe elementary magnetization dynamics such
as spin-flip processes and their coupling to the electronic system on their intrinsic time scales in
the femtosecond (fs) regime. At the same time nanometer spatial resolution and element-specific
information is provided allowing to access the complex composition of technologically relevant
magnetic media and devices.
However, the unprecedented peak power of FEL sources also implies that a considerable amount of
energy is deposited in the sample. The radiation damage threshold defines the borderline between
non-destructive and therefore repeatable pump-probe type of magnetic scattering experiments and
high fluence destructive single-pulse experiments. Beam damage renders single-pulse scattering
from magnetic samples especially challenging as one would ideally take femtosecond snapshots
without modifying samples.
In order to address these issues, we performed single-pulse resonant magnetic diffraction experi-
ments at the soft x-ray free electron laser FLASH in Hamburg. We demonstrated recently the first
resonant magnetic scattering at FLASH by using the fifth harmonic of 8 nm to obtain magnetic
scattering contrast at the Co L3 edge [1]. Now, the fundamental wavelength was set to 20.8 nm (59
eV) which is in resonance with the Co M2,3-edge yielding magnetic scattering contrast. FLASH
was operated in single-bunch mode with a repetition rate of 5 Hz. The pulse duration was 30
femtoseconds with an average pulse intensity of 2 µJ which corresponds to 2 × 1011 photons per
pulse on the sample in a beam size of 250 µm. This results in a photon fluence of 4 mJ/cm2 and
peak powers of about 1.3 ×1011 W/cm2. The experiment has been performed at beamline BL1 at
FLASH which utilizes the direct FEL beam without monochromator. The natural bandwidth of
the SASE radiation ∆E/E ≈0.5 % - 1 % is sufficiently small to allow for resonant scattering at
the Co M-edge. A toroidal mirror produces a beam size of about 150 µm in the focal plane. Our
samples have been positioned slightly out of focus resulting in the beam size of around 250 µm on
the samples.
Co/Pt multilayer samples were grown via magnetron sputtering on a 50 nm thick Si3N4 membrane.
A 5 nm thick ECR sputtered Pt layer serves as seed layer, followed by 16 repeats of [Co(0.8nm)/Pt
(1.4nm)] and a final Pt cap layer of 2 nm thickness, all prepared by DC magnetron sputtering [?].
The sample is mounted in such a way that the FEL beam is impinging on the membrane first before
being scattered from the multilayer. In multilayer samples of this composition magnetic maze
domains form with alternating up and down magnetization perpendicular to the sample surface.
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The spatial correlation of the domains, being twice the domain size, is on the order of 200-300 nm
leading to a pronounced magnetic small-angle scattering (SAXS) signal.
Fig. 1 shows a resonant magnetic SAXS pattern recorded with a 30 fs long single FEL pulse of
pulse energy 4 µJ. A subsequent illumination showed that the sample was not destroyed from the
single-pulse exposure. The scattering ring reflecting the spatial correlation via ξ = 2π/Qmax=200
nm of the magnetic domains is clearly visible (see also Ref. [1] ). The existence of magnetic
scattering proves that the spin system temperature is below the Curie temperature of the multilayer
sample during the exposure time. It is worth mentioning that even FEL pulse energies 10-20 times
larger than the one applied here allowed us to record a single-pulse magnetic diffraction pattern.
Those high pulse energies destroyed the sample although the spin system is still not quenched
during the exposure time of 30 fs.
In conclusion, we demonstrated nondestructive resonant magnetic scattering using single pulses
from the free-electron laser FLASH. Pulse energies of 4 mJ/cm2 are sufficient to record a magnetic
diffraction pattern within 30 fs without destroying the sample. We observed that higher pulse
intensities can lead to permanent changes of the magnetic properties of the magnetic multilayer
but without macroscopically observable destruction. Below that threshold it is possible to record
magnetic diffraction patterns without changing the magnetic domain size distribution.
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Figure 1: Resonant magnetic small-angle scattering pattern of a Co/Pt multilayer recorded with a single 30
fs FEL pulse of 1.3 ×1011 W cm−2. The photon wavelength was in resonance with the Co M2,3-edge (20.8
nm) providing magnetic scattering contrast. The color scales indicates the number of scattered photons per
pixel (4x4 binned image).
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Wood is a natural tissue complex consisting of various cell types like tracheids, fibres, vessels and 
parenchyma cells. It is mainly composed of cell walls with cellulose, hemicellulose and lignin as 
the major biopolymeric constituents. Due to this unique hierarchical architecture of the cellular 
microstructure wood exhibits a remarkable combination of high strength, stiffness and toughness at 
low density. Recent activities are directed to the question how to transform the hierarchical cellular 
structure of wood into inorganic materials like ceramics with specific functional properties. SiC-
based ceramics exhibit excellent properties like strong mechanical strength at high temperature as 
well as corrosion resistance. Therefore, such materials are currently intensively studied for a broad 
variety of uses ranging from dense materials for frictional and structural application, to materials 
with a defined porosity for high-temperature filter or catalyst support structures. With regard to 
SiC-ceramics derived from wood it was shown that the cellular structure can be transformed into 
biocarbon templates and SiSiC-ceramics. However, the anisotropic mechanical behavior of wood is 
still maintained. Furthermore, optimized wood-based composites were developed and transformed 
into SiSiC-ceramics, showing high isotropy and easily reproducible characteristics (Hofenauer et al. 
2003, 2006). Following carbonization at 800-1800°C in inert atmosphere (Treusch et al. 2004, 
Zollfrank and Fromm 2009) the carbon template was converted to SiSiC by a liquid infiltration 
process at 1600°C. 

In order to gain insights into the mechanisms which govern the infiltration and reaction processes as 
well as structure development during Si-infiltration on the micrometer scale we investigated the 
structure of biomorphous SiSiC-ceramics derived from pinewood and bamboo, as well as of SiC-
ceramics of a fiber board. The measurements were performed at the GKSS materials science 
beamline HARWI-II at DESY in Hamburg, Germany, using photon energy of 23-60 keV, 
dependent on sample size. 

The analysis of the SiC ceramic of the medium fiber board revealed the high porosity of this 
material, which is distinguishing for this kind of material and also consistent after transformation 
into a ceramic (Fig. 1A). The high porosity is typical for the Si-gas-infiltration technique applied for 
this sample. Figure 1B represents a cross section of a SiSiC ceramic of bamboo produced by liquid 
Si infiltration, showing the darker vascular bundles embedded in parenchymatic ground tissue, 
consisting of SiSiC. The dark bundle sheath indicates pure carbon, which was not transformed into 
SiSiC. The longitudional section of the sample (Fig. 1C) shows small and evenly distributed bright 
patches, which indicate elemental silicon embedded in a grey pictured matrix, which indicates the 
SiC body; the dark patches again represent pure carbon which has not been transformed due to 
narrow cellular lumina of the original plant tissue (sclerenchymatous sheath of vascular bundles). 
Furthermore, the SiSiC ceramic of solid pinewood makes the typical tree ring structure visible and 
shows a very low porosity typical for the liquid Si-infiltration technique (Fig. 1D). 
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Figure 1: Wood-based ceramics analyzed with µ-CT under different photon energy levels. A: SiC 
ceramic of a medium fiber board (cross section, E = 23 keV), B and C: SiSiC ceramic of bamboo 
(B: cross section, C: longitudinal section, E= 31 keV), D: SiSiC ceramic of solid pinewood (cross 
section, E= 60 keV). 
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There is a scarce information on behavior of DyVO4 and TmVO4 under high pressure. It has been 

established that similarly to other RVO4 (R = Sc, Y, Pr to Lu) orthovanadates, there is an 

irreversible phase transition from zircon to scheelite type phase at a pressure of several GPa [1,2]. 

The bulk modulus of DyVO4 is reported to be 160 GPa [3], as derived from Raman spectroscopic 

data. Our recent study [4] shows that for TbVO4 the diffraction method gives a smaller bulk 

modulus value than the Raman approach does. This justifies further investigations of elastic 

properties for members of the RVO4 family. 

The orthovanadate  powders were prepared, using a mortar, from a small single crystal grown from 

PbO/PbF2 flux by the slow-cooling method. The in-situ X-ray diffraction experiments were 

conducted using the energy-dispersive method at the F2.1 beamline equipped with a large-anvil 

diffraction press, MAX80. The sample was mounted in a cylindrical container (inner diameter 

1 mm) constructed from hexagonal boron nitride (hBN), inserted into a cube fabricated from a 

mixture of amorphous boron and epoxy resin. To achieve pseudo-hydrostatic compression and to 

reduce the strain, the studied polycrystalline material was mixed with vaseline. The pressure was 

calibrated using a NaCl equation of state. For refinements, the FullProf program [5] was used. 

 

 

25 30 35 40 45 50 55 60 65 70 75

0.0

0.2

0.4

0.6

0.8

1.0

1.2

1.4

1.6

1.8

2.0

2.2

7.3 GPa

0 GPa

In
te

n
s

it
y

 [
a

.u
.]

Energy [keV]

 

 

25 30 35 40 45 50 55 60 65 70 75

0.0

0.2

0.4

0.6

0.8

1.0

1.2

1.4

1.6

1.8

2.0

2.2

2.4

7.3 GPa

0 GPa

 

 

In
te

n
s

it
y
 [

a
.u

.]

Energy [keV]

 
Figure 1: Energy-dispersive powder-diffraction spectra for DyVO4 (left) and TmVO4 
(right). Reflections belonging to the orthovanadates are marked out by dots; remaining 
peaks are due to diffraction from sample mounting materials and to fluorescence from 
component elements. 
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High-pressure X-ray diffraction experiments were performed on zircon-type DyVO4 and TmVO4 in 

the pressure ranging up to 7.3 GPa. Examples of diffraction patterns collected at ambient and 7.3 

GPa pressure are shown in Fig. 1. For both compounds, TmVO4 and DyVO4, no indications of the 

phase transition to scheelite type structure are observed below the pressure of 7.3 GPa. Le Bail 

fitting provided the lattice-parameters variation on pressure. Preliminary calculations give, for the 

studied pressure range, a volume reduction of 4.7% for TmVO4 and 6% for DyVO4. This 

observation indicates that the bulk-modulus value for DyVO4 is smaller than for TmVO4, i.e. it 

decreases with increasing ionic radius of  the rare earh. Such difference is in agreement with the 

decreasing trend of the bulk moduli reported in ref. [6] for ScVO4, LuVO4, and EuVO4.  
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Controlling the size and shape of iron oxide nanoparticles is essential in their prospective industrial 
application, such as nanopatterned magnetic storage media. A possibility to synthesize magnetic iron 
oxide nanoparticles from inexpensive and non-toxic iron chloride and sodium oleate is the thermal 
decomposition reaction. By systematic variation of the reaction conditions monodisperse particles of 
different sizes and morphology can be prepared.  

The prepared nanoparticles can be arranged on a substrate in a highly ordered 2D and 3D supercrystal 
structure. Here, we present the analysis results of particles with sizes below 10 nm:  

 

Figure 1: TEM picture of the cubic nanoparticles  

In detail, the spherical nanoparticles arrange in 3D fcc simple packed (Pm3m) lattice as obtained by 
SEM, SAXS and GISAXS measurements. The SAXS and GISAXS results from the cubic nanoparticle 
crystals indicate a supercrystal structure of cubic (3D) order (Figure 1). However, depending on the 
concentration of the cubic nanoparticles in the solution, they can also be forced to arrange in a lamellar 
superstructure. 

  

Figure 2: left: measured (black) and calculated (red, blue) scattering curves of a solid sample of cubic 
nanoparticles, stabilized with oleic acid. Right: scattering curves of the same sample (black) and 

calculated (red) measured with higher resolution 
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sample lattice 
radius 

[nm] 

standard-

deviation of 

the radius 

unit cell 

[nm] 
domain [nm] 

displacement 

[nm] 

cubic 

nanoparticles 

lamellar 

discs 
3.7 0.10 13.1 100 0.7 

cubic 

nanoparticles 
simple cubic 6.2 0.04 13.6 194 2.0 

cubic 

nanoparticles 

Simple cubic 

values from 

the 

multiphase 

5.8 0.10 13.3 66.0 1.0 

 
Table 1: representation of the calculated structural data of the nanocubes, obtained from the SAXS-

scattering curves 

Due to the higher resolution in the scattering curve on the right, it is possible to determine the 

simple cubic superlattice of the particles. At higher q-values, one can observe reflections of the 

lamellar arrangements. The calculated curves for the measurements are fitted for a lattice 

consisting of lamellar discs combined with simple cubic packed cubes.  

In a combined SAXS/shear experiment the sample was measured at different shear rates.  

 

    

Figure 3: SAXS pattern before the shearing (left), SAXS pattern during the shearing (right) 

The non oriented sample before the shear experiment (left) and during a shear experiment (right) with a 
shear rate of 750 s

-1
 are shown in Figure 3. 

As expected, the measurements show an isotropic SAXS pattern for the non oriented sample. The 
shearing causes a preferred orientation, which appears as an anisotropic SAXS pattern. An elliptic 
scattering image is determined, hence the lattice is distorted. Analysis of the characteristic signals yields 
to a simple cubic lattice structure.  
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Continuing our research on rutile TiO2 by means of combined anisotropic anomalous scattering 
and diffraction anomalous fine structure (AAS-DAFS) scans, we studied the influence of oxygen 
defects on the anisotropic scattering power of Ti at the K absorption edge. In a symmetry based 
theoretical treatment contributions of point defects to the AAS signal have already been predicted 
and estimated in respect to defect concentration [DO00]. For perfect rutile crystals AAS was 
reported in 1989 [KP89] and studied preliminary in experiments of our group at HASYLAB 
[ZL07, ZL08]. 

Experiments were performed at beamline E2 (RÖMO) and C1 (CEMO) using a Si (111) double 
crystal monochromator and σ-polarized x-rays. Rutile single crystal wafers of 10 x 10 x 1 mm3 
have been acquired from Crystec GmbH Berlin. For orientations (001) and (111), two series of 
samples with increasing oxygen deficiency (a-d) have been obtained by annealing in vacuum of 
better than 10-5 mbar. Reference samples a have not been treated, samples (b, c, d) have been 
annealed for (5, 5, 30) min at (650, 780, 800) °C peak temperature, respectively.  

 

 

 

 

 

 

 

 

 

 

 

Fig. 1: DAFS normalization of forbidden reflection 001 and separation of oscillations from smooth 
contributions for sample a and d at maximum resonance angle Ψ  = 40° (left). The inset shows a 
complete 360° AAS-DAFS scan of sample d for the highlighted energy range. Sections of 
normalized AAS Ψ-scans for energies in the vicinity of the resonance maximum comparing samples 
a and d illustrate an increased anisotropic scattering power induced by oxygen vacancies (right). 

a 

d 
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The measured DAFS signals have been normalized to ionization chamber counts and separated 
from the smooth energy dependency extracting the relative oscillations only, as can be seen in 
Fig. 1. Comparing the DAFS of the forbidden reflection 001 in the vicinity of the Ti absorption 
edge for samples a and d, we find a strong increase of in the anisotrope signal. Thus, oxygen 
vacancies enhance this resonance. This effect is less pronounced for samples b and c.  

The 111 AAS-DAFS scans show much more features in the signal compared to the 001 (see Fig. 2). 
Intensity maxima, corresponding to favored electronic transitions, occur for certain angles Ψ and 
change their preference angle continuously with energy. The signal to noise ratio was improved for 
data of samples b and c compared to samples a and d, which were obtained during a previous 
beamtime at HASYLAB. Comparing the perfect crystal (a) with the vacancy samples (b-c), new 
maxima evolve, e.g. between 5050 eV and 5200 eV. Since this signal is exclusively due to titanium 
atoms with anisotropic environment [ZL07, ZL08], it is sensitive to even smallest concentrations of 
distortions.   

 

Fig. 2: Normalized AAS-DAFS scans compared for samples a to d. The development of new 
intensity maxima is found for the oxygen deficient structures. Dependent on energy they 
continuously change their optimum Ψ-angle, which corresponds to a specific orientation of the 
sample to the vector of incident photon polarization. 

A theoretical interpretation of the experimental data based on cluster calculations is in progress. 
Future experiments to investigate temperature dependent contributions to the anisotropic anomalous 
scattering of oxygen deficient rutile structures are planned.  
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The storage phosphor CsBr:Eu2+ is of high interest due to its high sensitivity and the potential for 
high spatial resolution, which is achieved by columnar crystal growth obtained by means of 
evaporation synthesis technique [1]. The absorption of ionizing radiation leads to the generation of 
electrons and holes. The electrons can be trapped in anion vacancies forming F-centers whereas the 
holes are assumed to be trapped at Eu2+. An electron in an F-center can be released following 
stimulation with a red laser. Thereby the liberated electron recombines with a hole nearby an Eu2+ 
leading to the photostimulated luminescence (PSL).  

It was found that the PSL emission spectra consist not only of the emission from the 4f65d to 4f7 
transition in Eu2+. A second emission at 470 nm is assumed to arise from divalent oxygen ions on 
bromine sites. In the PL spectra several additional peaks are observable, which exhibit no PSL. It 
can be shown that excitation of the Eu2+ transition energy lead to single Gaussian peak, whereas the 
generation of excitons below the bandgap and excitation with energies above the bandgap generate 
additional peaks. It is assumed that the PSL-process and the Eu2+ and O2- luminescence caused by 
exciton-generation is similar. Former process requires a trapped hole at Eu2+ or O2- which 
recombines with an electron released from an F-center. The recombination energy excites the 
europium ion. In the latter case the generated exciton is assumed to migrate to the Eu2+ and O2-. By 
the degeneration of the exciton the energy is transfered to Eu2+ and O2-, respectively.   

A non-doped and a Eu2+-doped CsBr sample were excited at different wavelength to show the 
behaviour mentioned above. 

 

 

 

 

 

 

 

 

Figure 1: Emission of CsBr (left) and CsBr:Eu (right) under for different excitation wavelengths. Upper 
spectra were recorded at room temperature, lower were recorded at 8K.  

The spectra of the pure CsBr show almost no difference for different excitation wavelength when 
measured at RT. However, four narrow peaks arise at excitation wavelengths below 180 nm, which, 
to our knowledge, have not been observed before. So far there is no explanation for the these peaks. 
The europium doped sample shows a single Gaussian peak when excited when Eu2+ is directly 
excited in its absorption bands at 335 nm and 250 nm. At lower excitation wavelength at least to 
additional emission bands occur. The peak at higher wavelength with a maximum around 470 nm is 
ascribed to O2-. At lower wavelength (390 nm) a band arise which is ascribed to an exciton. At low 
temperatures two peaks are well distinguished in pure CsBr when excited at wavelengths below 
188 nm. The band at 350 is found  to be due to OH- in the CsBr matrix [2]. The band at 470 nm is 
the oxygen luminescence also seen in CsBr:Eu2+ at room temperature. Similar peaks arise in the 
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Eu2+ doped sample at low temperatures when exciting at wavelengths below 190 nm. Of course the 
Eu2+ emission peak at 450 nm is observed, too.    

In CsBr every luminescent center seem to be excitable with energies above the bandgap and 
energies below the bandgap leading to the generation of excitons. At least two of these centers are 
PSL active meaning that holes can be trapped at these centers.                                                                               

A. Popov and V. Pankratov are gratefully acknowledged for invitation and scientific support. 
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The main goal of this study of Co1-xAlx  nanoparticles is  to determine the composition and 
oxidation conditions which will lead  to the formation of Co@Al2O3 nanoparticles, Such 
segregated nanoparticules should exhibit both strong magnetic moment (actually higher than bulk 
Cobalt) and good stability vs. exposure to air.  

Small (< 3 nm) particles have actually been synthesized and structurally and magnetically 
characterized by Wide Angle X-ray scattering  (WAXS) and SQuID (Figure 1) and indeed evidence 
the formation of well-defined alloys with the expected magnetic properties, especially the dramatic 
enhancement of the magnetic moment related to the partial oxidation of the alloy. This magnetic 
behaviour is in agreement with the expected segregation between a metallic cobalt core and a 
protective Al2O3 shell. 

Figure1: Left, WAXS pattern of βCo1Al1 nanoparticles and the radial distribution function (shown as inset) 
and right, SQuID measurement at 2K on βCo1Al1 particles (solid curve) and oxidized CoAl particles 

(dashed curve).The hysteretic behaviour of both samples is shown in the inset. 

To further investigate cobalt environment and exact oxidation state, EXAFS and XANES 
measurements have been performed on the E4 and C beam lines in transmission mode at room 
temperature on samples for different Co/Al ratios and different oxidation levels.   

The shape of the XANES spectrum is different from that of hcp-Co taken as a reference. However, 
the position of the edge is identical (see derivative, inset Figure 2) pointing to non-oxidised Co 
atoms. The Fourier transform (FT) of the EXAFS data (Figure 2, right) shows a large Co–M peak 
overlapping the doublet expected for the ordered β-CoAl phase in good agreement with the WAXS 
analysis. However, XANES studies confirmed the important indication that drastic exposure to air 
induces cobalt oxidation. This could be related to the limited amount of Al present in the CoAl 
alloy, thus to the imperfect Al2O3 layer surrounding the Co core. A new two-step procedure 
resulted from these studies, in order to increase the thickness of the Al2O3 layer and thus improve 
the protection of the magnetic core. Results have been published in the European Journal of 
Inorganic Chemistry. 
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Figure 2: Normalized absorption of the Co1Al1 nanoalloy at different levels of oxidation and related 
Fourier Transforms. 
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Stoichiometric comb-like complexes of bacterial poly(-glutamic) (PGGA) and poly(,L-malic) (PMLA) 
acids with n-alkyltrimethyl ammonium surfactants (nATMA) bearing long linear alkyl side chains have been 
recently reported.1-3 These complexes adopt biphasic layered structures with a periodicity between 3.5 and 
4.5 nm according to the length of the alkyl chain. In these structures the side chains are separated in a 
hexagonal paraffinic phase that melts at temperatures between 45 and 70 ºC whereas the main chain phase 
retains the ordered arrangement up to temperatures above 250 ºC. 
 
In this communication we describe the results obtained in the simultaneous WAXS-SAXS real-time analysis 
on isotropic samples obtained from ion complexes prepared from naturally occurring polyuronic acids, 
specifically, poly(,D-galacturonic acid), (PGal) and poly(,L-guluronic-co-,D-mannuronic acid), (AlgA), 
and nATMA with n = 18, 20 and 22 as surfactants, and those obtained on hybrid nanocomposites generated 
from mixtures of 18ATMA·PGGA and Cloisite 30B containing 3, 10, 20 and 30% of inorganic material. 
 
All the experiments were carried out by synchrotron radiation at the A2 beamline of DORIS, DESY under 
variable temperature in the 10-120 ºC range at a heating/cooling rate of 5 ºC/min. 
 
 

 

 

 

 

 

 

 

 

 

 

 

As was seen in previous experiments with nATMA·PGGA, the ionic complexes of polyuronic acids seem to 
be self-assembled in a biphasic structure in which the alkyl side chains are segregated from the main chain 
phase and crystallized in a pseudohexagonal or quasi-hexagonal lattice that melts within the ~70-80 ºC 
range.4 Upon heating from 20ºC (Figure 1), an expansion of the interlayer spacing associated to the melt of 
the side chain was observed in the SAXS patterns followed by appreciable increase in the area of the peak 
after the melt. The SAXS and WAXS patterns show a reversible process with some difficulties to crystallize. 
 
 
 

Figure 1. SAXS (top) and WAXS (bottom) profiles of ionic complex of the 
poly(,D-galacturonic acid), 20ATMA·PGalA at increasing (right) and 
decreasing temperatures (left) 
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Both SAXS and WAXS scattering patterns of the ionic nanocomposites showed reversible changes 
at corresponding to the melt/crystallization of the paraffinic phase (WAXS) or involving 
rearrangements at the supramolecular layered structure (SAXS). These preliminary  experiments 
revealed significant changes in SAXS profiles (Figure 2). A new weak and broad peak at around 
4.5 nm was observed in the scattering patterns of the ionic complex nanocomposites 
nATMA·PGGA-MMT 3% which increased with the content the amount of the clay in the ionic 
complexes. These results provide evidences supporting the occurrence of intercalated structures with 
an arrangement similar to that adopted by the nATMA·PGGA complexes. 
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Figure 2. SAXS profiles of 18ATMA·PGGA (left) and hybrid nanocomposite 3% (middle) 
and 30% (right) at increasing temperature 
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S. Farohkipoor, C.J.M. Daumont, A. Ferri,  B. Noheda 

Zernike Institute for Advanced Materials, University of Groningen , Nijenborgh 4 ,9747 AG- Groningen, The Netherlands  

Recent works have shown that the domain walls of room-temperature multiferroic BiFeO3 (BFO) 
thin films can display distinct and promising functionalities[1]. It is thus important to understand 
the mechanisms underlying domain formation in these films. We have used x-ray diffraction both in 
reflection and grazing incidence geometries (at W1-HASYLAB), in combination with piezo-force 
microscopy and first-principles calculations[2] to investigate the evolution of the films’ structure 
and domain configurations with increasing thickness. Despite the current popularity of BiFeO3, such 
systematic study was missing in the literature.  

The experiments have allowed us to characterize both the atomic and domain structure of BFO 
films grown under compressive strain on (001)-SrTiO3 substrates, as a function of thickness. The 
clamping of the substrate has been observed to exist in two different regimes: ultra-thin, d < 18 nm, 
and thin, d > 18 nm. When this is taken into account in the calculations, an excellent agreement 
between the predicted and observed lattice parameters is shown. The lattice parameters show a very 
intriguing evolution with thickness (see figure 1) in which the monoclinic in-plane parameters split 
symmetrically with respect to the substrate (110) lattice planes.  

 

. 

 

 

 

 

 

 

 

 

 Figure 1. (left)Evolution of monoclinic lattice 
parameters (am, bm, cm, β) and the pseudo-cubic in-
plane angle (γ). (right, a) Twinning model to explain 
the observed evolution of lattice parameter; (right, 
b) detail of fully clamped tetragonal (blue) and 
partially relaxed (black) lattice, explaining the 
symmetric split of the monoclinic parameters. 

In order to explain this, we have derived a twining model that describes the experimental 
observations. We show that the lattice parameters and the film symmetry do not result simply from 
the mismatch with the substrate, but also from the occurrence of this particular twinning that allows 
for the observed monoclinic distortion. This twinning model explains the observed evolution from 
four variants to two variants with increasing thickness and why the 71

o
 domain walls are so often 

observed in atomically flat films on (001)-SrTiO3 . It could also explain why these walls are the 
only ones that do not conduct[1].  
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Fig. 2a) Sketch of the RSM's expected around the (100), (010) and (110) pseudo-cubic reflections when all 
four domains are present; b) directions of kpar and kperp in each case; c)-e) maps around (110), (010) and 
(100), respectively, for different film's thicknesses. The axes are in units of 2ko, where ko= 2π/λ. The 
thickness evolution from no domains (tetragonal) to four (monoclinic) domains and, finally, two monoclinic 
domains is clearly observed.   

 

Our results suggest that the physics behind the effects of epitaxial strain is richer than usually 
thought, and that traditional thermodynamic phase diagrams and first-principles models need to be 
complemented with knowledge of the domain structure in order to reach a full understanding of the 
materials behaviour. This understanding of the exact mechanism for domain formation provides us 
with a new degree of freedom to control the structure and, thus, the properties of BiFeO3 thin films. 
This work will soon appear in Physical Review B.[3]. 
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Needle-like CuO Nanoparticles Studied By Anomalous
Small-Angle X-ray Scattering

A. Wacha1, A. Bóta1, Z. Varga1, G. Goerigk2 and U. Vainio3

1Department of Biological Nanochemistry Chemical Research Centre, Hungarian Academy of
Sciences, Pusztaszeri út 59-67, H-1025 Budapest, Hungary
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D-22607 Hamburg, Germany

In the last decade the use of nanoparticles has been expanded enormously. Several methods are
known for preparing nanoparticles. We have used multilamellar vesicles as reactors for the syn-
thesis of nanoparticles. The method is based on the features of the localisation of bivalent metal
ions (Cu2+, Zn2+, Cd2+, etc.). These metal ions cause drastic destruction of the characteristic
periodic layer-arrangement of vesicles. The structural and morphological behaviours of the di-
palmitoylphosphatidylcholine (DPPC) – water system, containing CuCl2 salt in different concen-
tration, were studied by means of small angle X-ray scattering and electron-microscopy, combined
with freeze-fracture [1]. It was concluded that only the anomalous small angle X-ray scattering
(ASAXS) can give information about the formation of domains rich in copper ions. After adding
NaOH solution as a reagent to the system, the two-dimensional scattering patterns change signifi-
cantly and the formation of copper hydroxide and copper oxide particles can be observed.

Synthetic high-purity (more than 99 %) 1,2-dipalmitoyl-sn-glycero-3-phosphatidylcholine (DPPC)
and copper chloride (CuCl2·2H2O) were obtained from Avanti Polar Lipids (USA) and from Merck
(Germany), respectively. The chemicals were used without any further purification. The 20 w/w %
DPPC system (with 0.05 Cu/DPPC molar ratio) was made of pure lipid and of CuCl2·2H2O aqueous
solution (17 mmol/dm3) by simple mixing. In the first stage of the procedure the samples were
kept at 323 K for 10 minutes, then vortexed intensively and quenched to 277 K. This process was
repeated at least twenty times to get a homogeneous liposome system. In the second stage, for
the synthesis of Cu(OH)2, NaOH was used in over stochiometric amount (20 mol %). In the third
stage—to induce the formation of CuO—the sample was heated up to 353 K, then cooled down to
300 K. This treatment was repeated three times.

Figure 1: Electron micrograph of CuO nano-needles
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The transmission electron micrograph (TEM) of the CuO/DPPC/water system is shown in Fig. 1.
The needle-like structures are clearly visible. However, TEM is inherently a local method, giv-
ing only information on a small, selected area. With X-ray scattering one can study macroscopic
volumes, obtaining global, average information, which is relevant to the whole sample.

Anomalous Small-Angle X-ray Scattering experiments were carried out at beamline B1, near the K
absorption edge of Cu (≈ 8.9 eV). The possibility of using the Pilatus300k detector of the MINAXS
beamline for collecting 2D scattering images is gratefully acknowledged.

The scattering curves recorded at 5 different photon energies, as well as the difference of the two
scattering curves recorded at the two extremal energy are displayed in Fig. 2.
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Figure 2: Left: Small-Angle X-ray Scattering curves of CuO at different photon energies. Right: The
difference of the SAXS curves measured at the two extremal energies (separated curve)

At small values of the length of the scattering vector (q = 4π sin θ/λ) a strong scattering signal
is observed, as a consequence of particulate domains. The peak at q = 0.099 Å−1, d ≈ 63 Å
corresponds to the first Bragg-reflection of the layers in the DPPC/water vesicle. Moreover, the
intensity of the small-angle scattering regime decreases with increasing photon energy (as shown
by the inset of Fig. 2), and the Bragg-reflection is not affected.

These features become more expressed in the separated curve, where most of the scattering of the
DPPC/water matrix vanishes, only that of the CuO nanoparticles and a cross-term between the
matrix and the nanoparticles remains. The peak, which was caused by the periodic ordering of
the lipid bilayers vanishes almost entirely from the separated scattering signal, indicating that the
distribution of the Cu ions in the sample is not periodic. The strong small-angle scattering signal is
a consequence of the presence of Cu-rich particles.

The formation of anisotropic particles can be proven, based on the pure resonant term. The latter
can be determined by taking measurements at three different energies into account. This needs
scattering curves of excellent quality, which could only be obtained by the Pilatus300k detector.
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SAXS measurements on Iron Oxide and Cobalt 
nanoparticles

S. Disch1, R. P. Hermann1, W. F. C. Sager1, U. Vainio2, E. Kentzinger1,
and T. Brückel1

1Institut für Festkörperforschung,JCNS and JARA-FIT, Forschungszentrum Jülich, 52425 Jülich, Germany
2HASYLAB, DESY, Hamburg, Germany

Intensive research has been dedicated to magnetic nanostructures, both because of their possible applications, 
e.  g.  in  medical  imaging,  catalysis,  information  storage,  and  owing  to  the  interest  in  fundamental 
understanding of their magnetic properties. Magnetic nanoparticles, as compared to the bulk materials, show 
unique physical properties such as superparamagnetism or enhanced anisotropy constants. Scattering methods 
are best suited for investigating both intraparticle phenomena, such as the magnetization distribution or the 
spin structure of individual magnetic nanoparticles, and interparticle interactions of such nanoparticles in 
higher dimensional nanostructures. However, before addressing the problems of magnetization distributions or 
magnetic  interactions  between  magnetic  nanoparticles,  the  availability  and  the  precise  structural 
characterization  of  highly  monodisperse  nanoparticles  is  required.  We  have  performed  structural 
characterization of cobalt  and iron oxide nanoparticles by Small  Angle X-ray Scattering (SAXS) at  the 
JUSIFA beamline (B1) at DESY, Hamburg. This is a necessary preliminary study for the subsequent study of 
the magnetic structure with polarized neutron scattering.

The cobalt  nanoaprticles under study have been prepared by a  new, entirely water-free, synthesis  route, 
originally  based  on  the  reduction  of  Co(AOT)2 in  water-in-oil  microemulsions  [1],  yielding  stable 
nanoparticles with particle diameters of ~2 nm and a narrow size distribution as indicated by magnetization 
measurements.  Here,  the  influence  of  the  reaction  temperature  on  particle  size  and  aggregation  was 
investigated. Therefore, reduction of the  Co(AOT)2 micelles was performed at room temperature as well as at 
elevated temperatures of 40, 75, and 95°C. 

Figure 1 shows the small angle scattering by cobalt nanoparticles prepared with variation of the reaction 
temperature. The sample prepared at room temperature exhibits a slope that is hard to describe by a Guinier 
law and might be due to a mixture of particle sizes. In the higher Q range, a large background is observed that 

Figure 1: SAXS by cobalt nanoparticles prepared at different reaction 
temperatures. A Guinier slope as well as Q-1 and Q-4 porod laws are shown.
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is supposed to be due to excess AOT reverse micelles that remain in the particle dispersion along with side 
products  of  the  reaction.  The  cobalt  nanoparticles  pepared  at  higher  reaction  temperatures  exhibit  a 
significantly lower background and a slope corresponding to a Q-4 power law as expected for hard spheres. 
This suggests that  the organic side products  of the cobalt  reduction are  removed from the dispersion at 
relatively low temperatures of 40°C.  The nanoparticles prepared at 40°C reveal a precise Guinier behavior 
over a wide Q range from 0.008 Å-1 up to 0.2 Å-1, indicating a narrow size distribution and a particle diameter 
of 3.5(1) nm as  deduced from the hydrodynamic Guinier radius.  The fact  that  even after  removal of the 
organic side products a well-defined form factor is missing is due to the presence of excess AOT reverse 
micelles that can not be removed from the nanoparticle dispersion easily due to the very small size of the 
particles.  These micelles have a  radius  of  ~0.8  nm and thus  superpose the first  form factor  minimum, 
preventing a  precise determination of the particle size distribution.  With increasing reaction temperature, 
structure factors appear.  Both the samples prepared at  75°C and 95°C exhibit slopes with linear regions, 
suggesting correlated interparticle interactions instead of a larger size distribution. For the sample prepared at 
75°C, the presence of linear dimers or trimers is suggested, due to the small region exhbiting a Q-1 power law. 
The sample prepared at 95°C exhibits a larger gradient in a wider Q range, suggesting longer, slightly more 
flexible, chains of nanoparticles. 

Figure 2 shows the small angle scattering by iron oxide nanoparticles of different particle sizes. The 
scattering curves exhibit up to six form factor miinima, which is indicative of a narrow particle size 
distribution. Indeed, the refined particle size distributions are close to 6 % for some of the samples, 
which is in agreement with earlier reports based on electron microscopy techniques [2]. This precise 
structural characterization suggests the particles with diameters around 10 nm as the most promising 
samples  for  further  investigations  such  as  the  determination  of  the  microscopic  magnetization 
distribution  of  individual  nanoparticles  or  of  interparticle  correlations  in  ordered  arangements 
thereof.
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Figure 2: SAXS by iron oxide nanoparticles of different sizes. The refined 
particle sizes in radius and lognormal size distributions are given in the key.
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Self-Organized Nanocrystal-Based Porous Films with 

Variable Thickness - From Order and Orientation 

Control to Mechanical Properties  

C. Weidmann,1 J. Haetge,1 K. Brezesinski,1 Jan Perlich,2 and T. Brezesinski1 

1Institute of Physical Chemistry, Justus-Liebig-University of Gießen, Heinrich-Buff-Ring 58,35392 Gießen, Germany.  

2HASYLAB at DESY, Notkestraße 85, 22603 Hamburg, Germany. 

Metal oxides with nanoscale periodicity in thin film format are currently being widely investigated 
due to their interesting catalytic, electrical and magnetic properties. In the last 20 years, it has been 
shown that such materials can be readily formed by an evaporation-induced self-assembly (EISA) 
process using suitable polymer templates along with molecular precursors, such as metal alkoxides 
or chlorides.[1,2,3] Reports on the use of EISA to produce metal oxide phases with both periodic 
pore-solid architecture and crystalline walls, however, are scarce. The absence of such materials is 
because the majority of the polymers used to template materials do not allow the inorganic walls to 
be crystallized while retaining nanoscale order. Polymer-directed assembly of preformed 
nanocrystals into 3-dimensional architectures is an alternative route to circumvent loss of 
periodicity upon crystallization.[4,5] The synthesis of nanocrystalline building blocks with well-
defined size and shape, low polydispersity as well as good redispersibility is complicated, though, 
and thus only a few ordered materials made from preformed building blocks have been reported so 
far.  

Recently, we have developed a synthetic route, which allows us to produce different metal oxide 
nanoparticles. These particles can be used as building blocks for the fabrication of nanoscale 
frameworks due to their good solubility and redispersibility in common organic solvents. We note 
that not all particle systems examined at beamline BW4 are crystalline in as-synthesized form. This, 
however, is no major problem - rather, it provides us with a means to control the crystallization, 
which in turn enables a direct comparison with materials made from molecular precursors 
(produced through classical sol-gel routes). 

 

Figure 1: Morphology of cubic mesoporous η-Al2O3 (a,b) and TiO2 (c) thin film materials made from 
preformed building blocks. (a) KLE-templated. (b) PIB3000-PEO46-templated. (c) PIB20000-PEO454-templated. 

The η-Al2O3 films were heated to 900 °C while the TiO2 sample was calcined at 550 °C. 

The GISAXS experiments carried out at various angles of incidence, β, (slightly below/above the 
critical angle of the various metal oxides) at BW4 in August last year demonstrate that metal oxides 
with well-defined pore structure can be readily produced from preformed nanoparticles averaging 
1-8 nm in diameter (see SEM images in figure 1). During this run, we studied systematically the 
pore order and orientation as a function of annealing temperature and examined the impact of 
various external parameters, such as polymer-to-nanoparticle ratio and relative humidity, on the 
pore ordering and symmetry. We found out that the relative humidity plays a decisive role in the 
self-assembly process and that the pore size can be readily tuned from roughly 10 to 30 nm by 
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using novel polyisobutylene-b-poly(ethylene oxide) polymers, referred to as PIB-PEO. The 
molecular weight of the hydrophobic PIB block and the number of the monomer units of the 
hydrophilic PEO block varied from 2.300 to 20.000 g/mol and 45 to 454, respectively.  

This remarkable control over pore size and volume as well as wall thickness and specific surface 
area now allow us to perform further experiments with materials that exhibit both well-defined 
nanoscale porosity and crystalline walls. However, additional measurements, in particular in-situ 
SAXS experiments, are planned to get further insights on the underlying self-assembly mechanisms 
of nanoparticles into ordered architectures. Moreover, we want to examine how nanoscale 
periodicity/porosity affects mechanical properties and whether these features can be used to tune 
the mechanical properties and ultimately also the materials properties. 

Overall, the results obtained at BW4 are quite remarkable. Figure 2 shows typical GISAXS patterns 
for KLE-templated η-Al2O3 in thin film format. The scattering maxima can be indexed to a highly 
ordered face-centered-cubic pore network with (111) orientation relative to the substrate. The fact 
that the nanoscale structure is stable up to 1000 °C demonstrates that these materials can effectively 
withstand the stress that develops over the course of thermal treatment. 

 

Figure 2: Grazing incidence SAXS experiments on KLE-templated alumina films made from preformed 
(amorphous) building blocks. GISAXS patterns were collected at an angle of incidence β = 0.2° and show 
the evolution of the highly ordered face-centered-cubic pore network with (111) orientation upon thermal 

treatment. Scattering vector, s, components are given in 1/nm. 
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EXAFS investigation of bimetallic Ag-Au nanoparticles 

in glass 
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 Nanosized metal particles embedded in surfaces of glasses are of great interest because of 

their potential application. The resulting macroscopic properties are based on a surface plasmon 

resonance (SPR). The frequency of this resonance strongly depends on the materials and their 

composition. The preparation of bimetallic Au-Ag nanoparticles allows the shift of SPR in between 

the position of resonance of Ag and Au particles [1]. Such bimetallic nanoparticles have been 

produced by double ion implantation in silica glass already. The structure of Au-Ag nanoparticles 

has been investigated by transmission electron microscopy (TEM), X-ray absorption fine structure 

(EXAFS) spectroscopy and X-ray diffraction. In all these studies, pure nanoparticles of both 

elements or bimetallic alloys were found. Hannemann [2] studied the structure and formation of 

Au-Ag nanoparticles prepared by flame spray pyrolysis on substrates with electron microscopy and 

EXAFS. 

  

 In the present work, we investigated double-implanted Ag/Au nanoparticles prepared by 

different implantation sequences and implantation doses in soda-lime glasses [3] to characterize 

their structure by EXAFS experiments at the Au L3- and Ag K-edges, respectively. Soda-lime 

glasses containing (in mol%) 72.4% SiO2, 14.4% Na2O, 6.4% CaO, 6.0% MgO, 0.5% Al2O3, 

0.20% K2O, 0.3% SO3 and 0.04% Fe2O3 were exposed to Ag
+
 and/or Au

+
 ion implantation at room 

temperature using energies between 200 and 300 keV so that the penetration depth of both ions is 

the same. Samples with different implantation sequence and ion dose were produced: 4x10
16

 Ag
+ 

(sample name: 4Ag), 4x10
16

 Au
+ (sample name: 4Au), 2x10

16
 Ag

+
 + 4x10

16
 Au

+
 (sample name: 

2Ag4Au), 4x10
16

 Au
+
 + 4x10

16
 Ag

+ 
(sample name: 4Au4Ag). 

  

 Fig. 1 shows the Fourier transformed Ag K-edge spectra. The spectra show Ag-Ag and Ag-O 

bonds for small ion doses (sample 2Ag4Au) indicating that the silver is partially oxidized. For high 

ion doses (4Au4Ag) two different correlations (Ag-Ag and Ag-Au) can be found between 2 and 

3 Å. The peak at 2.2 Å is more intense and the second one at about 2.8 Å is shifted to higher values 

compared to pure silver. These characteristics can be explained by bimetallic Ag-Au particles. The 

simulation of spectra of bimetallic particles with 50 at.% Au and 50 at.% Ag were performed by 

means of FEFF8.4 code by an exchange of Ag atomic positions with Au. Such structure leads to an 

increase in intensity for the first peak and a shift of the second one like in the Fourier transformed 

spectra obtained from our experiment. These changes result from the different backscattering 

function of Ag and Au atoms, respectively. Similar results were reported in the literature for flame 

sprayed gold-silver nanoparticles [2]. These investigations indicate that in the sample 4Au4Ag a 

significant amount of Au is arranged in the nearest neighbour shell around Ag and therefore, 

bimetallic nanoparticles exist. 

   

 At the Au L3-edge, the sample with reduced ion dose was not measured because of the low 

intensity of EXAFS oscillations also in fluorescence mode. The normalized EXAFS spectra show 

an absence of the typical white line for oxidized Au (e.g. Au2O3). Therefore, no Au-O correlations 

are present in the samples 4Au and 4Au4Ag.  Also, the Fourier transformed spectra in Fig. 2 do not 

indicate any oxides. The monometallic sample 4Au as well as the bimetallic sample 4Au4Ag shows 

two peaks in the Fourier transforms at 2.4 and 3.0 Å, but the spectrum of 4Au4Ag shows 

differences to 4Au and the Au foil. The first peak is shifted to smaller values and the intensity of 

the second peak is increased compared to the first one. This indicates that for a fit of the Fourier 

-369-



transformed spectra two bonds (Au-Au and Au-Ag) has to be considered. Calculations by the 

FEFF8.4 code demonstrate that the increase of the second peak is characteristic for Au-Ag alloys. 

Therefore, also the measurements at the Au L3-edge prove the bimetallic composition of the 

double-implanted sample 4Au4Ag. 

 

 

Fig. 1: Fourier transformed EXAFS spectra at the Ag K-edge. The arrows indicate the positions of Ag-O and 

           Ag-Ag bonds, respectively. 

 
 

Fig. 2: Normalized EXAFS spectra (left) collected at the Au L3-edge for different ion-implanted samples 

            measured at 20 K and a reference spectrum of gold foil; k-weighted Fourier transforms (right). 

 

 TEM experiments at the sample 4Au4Ag revealed the formation of small homogeneous 

nanoparticles with about five nm diameter and larger particles with about 15 nm in size. The larger 

nanoparticles show a reduced TEM contrast in the central region. This point to a core-shell 

structure of these particles. 
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Formation of highly textured CuTCNQ thin films by Cu diffusion.
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The first pioneering hard X-Ray photoelectron spectroscopy (HAXPES) experiment using synchrotron 
radiation was carried out by Lindau et al. using 15 keV photons [1]. However, the intensity of the Au 4f core 
level signal was only about 25 cps, because the photoionization cross section decreases rapidly at high 
kinetic energies. It took almost 30 years to overcome the technical constraints of the low electron signal 
intensity detection at high retardation ratios. Today, the brilliant X-ray radiation from undulators at third 
generation synchrotron sources combined with high resolution spectrometers operating at many keV electron 
kinetic energies allows HAXPES studies with high accuracy and sensitivity for the investigation of the bulk 
electronic properties. The increase of the bulk sensitivity compared to soft X-Ray photoelectron 
spectroscopy is reached by means of a significantly enhanced mean free path of the emitted high energy 
electrons.  

Core level photoemission spectra may contain element selective signatures of the magnetic moment carried 
by an element, the magnetisation direction and the coupling. This information is carried either by the spin 
polarisation of the photoelectrons or by the dichroism effects in photoemission spectra. Due to the extremely 
low count rates in spin-resolved photoemission, we exploit here the linear dichroism in the angular 
distribution (LDAD) to extract element selective magnetic information of buried thin layers. In general, the 
intensity and the shape of the photoemission spectra depend on the relative orientation and/or direction of 
the sample magnetisation, photon beam polarisation and spectrometer axis (i.e. the electron emission 
direction). 

We have performed HAXPES of pinned MnIr-CoFe thin film multilayers using the commissioning 
beamtime at beamline P09 of PETRAIII. The sample composition was as follows: MgO(001) substrate / 
MgO buffer layer (10 nm) / Ir78Mn22 (10 nm) / CoFe (3 nm) / MgO barrier (2 nm) / AlOx (1 nm). CoFe is 
typically used in tunneling magnetoresistive devices. IrMn serves as exchange bias layer to keep CoFe 
magnetised in-plane. The remanent in-plane magnetisation was achieved by annealing the multilayer stacks 
under magnetic field. In so far the layer stack corresponds to the fixed-magnetization part of a tunnel 
junction. Fe, Co, Mn 2p and Ir 4p3/2 core-level spectra were measured for the sample magnetization oriented 
parallel and perpendicular to the polarisation direction of the X-ray beam. The dichroitic effect was 
determined as proposed by Hillebrecht et. al. [2]: the spectra for different geometries were added up and 
constant background was substracted so that pre-peak intensity value turned to zero. The height of 2p3/2 peak 
was used as a normalisation factor. After normalisation, the intensity difference was taken and multiplied by 
100. The maximum normalised intensity difference value will be called “dichroism value”. The use of the 
normalised difference instead of the asymmetry reduces the background influence on the shape of the 
difference curve. 

The photoelectrons were measured by means of the SPECS Phoibos 225 HV spectrometer installed at P09. 
The excitation energy was set to 3919.5 keV, the overall energy resolution (monochromator+spectrometer) 
was about 700 meV as determined from Au Fermi edge data. Initially, the magnetisation direction M of the 
sample pointed downwards. The geometry was changed by rotating the sample about the surface normal for 
90o .  

Fig. 1a (top panel) shows the Fe 2p core level spectra measured for the sample magnetization oriented 
parallel and perpendicular to the polarisation direction of the X-ray beam. The maximal dichroism value was 
obtained for the Fe 2p state measured with the polarisation vector E parallel to the magnetisation direction, 
as shown in Fig.1a (bottom panel). The dichroism value observed for Fe 2p3/2 is about 5.5 %. Co 2p3/2 and 
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Mn 2p3/2 core levels showed 4.5 % and 4 % dichroism values, respectively (Fig. 1b, c). The non-magnetic Ir 
showed no dichroism, as expected. In general, the LMD effect has a cos2θ dependence, where θ is the angle 
between E and M. This easily gives information about the magnetisation direction with respect to the 
polarisation direction of the photon beam. 
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Figure 1:  
Top panels: Fe (a), Co (b) and Mn (c) 2p photoelectron spectra measured with the polarisation vector E 
parallel and perpendicular to the magnetisation direction M of the sample. 
Bottom panels: difference spectra obtained from the normalised intensity difference of two perpendicular 
geometries. Signs in (a) show regions with positive and negative dichroism values. Fe and Co couple 
ferromagnetically, Mn couples antiferromagnetically. 

 

In summary, it was shown in experiment that the HAXPES technique can be effectively used to study the 
magnetic properties of buried layers in an element specific way. In particular, this study demonstrates that 
HAXPES can give information about the orientation of the magnetisation of buried layers by referencing it 
to the polarisation direction of the X-ray beam. 
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Al2O3:Ti crystals attract now more and more attention due to their possible applications as cryogenic 
scintillators in dark matter searching experiments [1] and thermoluminescent (TL) dosimetry [2]. 
Therefore, the optical and TL properties as well as light yield of Al2O3:Ti crystals were studied 
depending on the Ti3+ content in a wide concentration range [1, 2]. The luminescent properties were 
also investigated under VUV excitation [3]. However, some ambiguities in the interpretation of the 
nature of emission centers in Al2O3:Ti in mentioned papers stimulated us to perform a more detailed 
study of the luminescent properties of Al2O3:Ti (0.08 at. %) in comparison with undoped Al2O3. The 
investigations were performed at the Superlumi station at HASYLAB under excitation by 
synchrotron radiation (SR) with energy range of 3.7-25 eV in the framework of project II-20090087. 

The luminescence spectra of Al2O3:Ti and Al2O3 crystals under excitation by SR with an energy of 
8.84 eV at 10 K is shown in Fig.1. In agreement with the main results of reported works [2, 3], the 
emission spectrum of Al2O3:Ti (curve 1) consists of three bands peaked at 725, 433 and 305 nm. 
The intensive band at 725 nm is related to 2E→2T2 radiative transitions of Ti3+ ions. The band 
peaked at 434 nm is assigned to the luminescence of F-centers [2, 3] whereas the complex emission 
band in the UV range is interpreted as luminescence of localized excitons around Ti ions. The 
emission spectrum of the undoped Al2O3 measured at 10 K under excitation with the same energy 
(curve 2) presents the well-known luminescence of F centers (peak 414 nm), as well as the 
superposition of the emission of F+ centers (band at 325 nm) and a low-intensity band at 290 nm, 
most probably related to luminescence of excitons localized around F+ centers [4]. These F and F+ 
centers are assumed to be oxygen vacancies with one- and two-captured electrons, respectively [5]. 

Fig.1 shows that the peak position of blue emission band of undoped Al2O3 crystal is significantly 
shifted to lower energy with respect to the maxima of the emission band of the F-centers in the Ti 
doped Al2O3. Also this band in Al2O3:Ti crystal has a broader FWHM in comparison with that in 
the undoped Al2O3. Therefore, we observe here the luminescence F-Ti4+ pairs rather than the 
emission of F centers in the undoped Al2O3 crystal. This conclusion is also supported by difference 
between the excitation spectra of the blue luminescence at 420 nm in Al2O3:Ti (Figure 2 curve 2) 
and undoped Al2O3 (curve 6). As can be seen from Fig.2, the energetic structure of the F-Ti centers 
(two peaks at 5.41 and 7.21 eV) is completely different from the structure of the excited states of 

the F-centers (peak at 6.21 eV) in Al2O3 host 
(see also Table 1). Two peaks in the exciton 
range at 8.91 eV and 8.53 eV correspond to the 
energy of the creation of excitons peaked at F 
and FTi centers, respectively, in the Al2O3 host. 
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Fig.1 Emission spectra of Al2O3:Ti crystals at 10 K 
under excitation by SR in the exciton range with 
energy of 8.84 eV 
 

Referring to curve 5, the luminescence of F+ 
centers in Al2O3 in 325 nm band is excited in 
the three-component band peaked at 4.84, 5.31 
and 5.87 eV (see also Table 1), related to the 
1A→ 2A, 2B and 3P transitions, respectively 
[3]. The excitation band of exciton emission in 
the 280 nm band (see curve 4) show two 
intensive bands peaked at 8.83 and 9.01 eV. 
The similar structure of this spectrum to the 
excitation spectrum of F+-center luminescence 
in Al2O3 crystal in the exciton range supposed 
the conclusion that the emission in this band is 
the luminescence of excitons localized around 
F+-centers [4, 5]. 
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Fig.2. Excitation spectra of exciton emission (1), FTi
+ centers (2), Ti3+ (3) in Al2O3:Ti crystal;excitation 

spectra of exciton (4), F+ (5) and F (6) centers luminescence in Al2O3 crystal (All normalized on the 
intensity of main peak while curve 4 is multiplied by factor 0.5) at 10 K. 

 

Table 1. Positions of excitation band of different centers of luminescence in Al2O3 and Al2O3:Ti crystals.  
Crystal F+ F-Ti4+ F Ti3+ Ex 
Al2O3:Ti  5.41; 7.21; 8.525  5.29;7.04;7.67;8.81 5.29;7.04; 7.67; 8.86

Al2O3 4.84; 5.31;5.87;8.58;8.83  6.21; 8.95  8.83; 9.01 

 

 
In opposite to undoped Al2O3, the excitonic emission in the UV range and the luminescence of Ti3+ 
ions in Al2O3:Ti show practically the same structure of excitation spectra (Fig.2, curves 1 and 3) [3]. 
These spectra consists of two intensive bands at 7.04 and 7.67 eV, most probably related to charge 
transfer transition between oxygen ligands and Ti ions, and band in the exciton range peaked at 8.81 
and 8.86 eV (Table). The last two bands correspond to the energies of creation of excitons localized 
around Ti dopant and/or ones bounded with Ti3+ ions, respectively. Therefore, the UV luminescence 
of Al2O3:Ti crystal presents the superposition of the dominant luminescence of a exciton localized 
around Ti ions with a small contribution of the emission of F+ centers, more exactly F+-Ti centers. 
Besides above mentioned bands, a low-intensity broad band peaked at 5.29 eV is also observed in the 
excitation spectra of Ti3+ luminescence, probably corresponding to the excitation of the emission of F+ 
and F-centers. Therefore, the luminescence of Ti3+ ions can also be exited via luminescence of these 
centers in Al2O3 host. 
In conclusion, we show that the electronic structure of the emission centers in blue and UV range in 
Al2O3:Ti crystals is modified by Ti dopant in a great extent. Specifically, in this work we found the 
luminescence of FTi centers in the 430 nm band as well as luminescence of excitons localized 
around Ti ions in the 290 nm band. The energetic structure of these centers has been determined in 
great details. 
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The clathrate-II NaxSi136 has a wide homogeneity range 0 ≤ x ≤ 24. The preparation of phases with 
x ≤ 22 is usually based on thermal decomposition of Na4Si4 under vacuum [1-3]. From the thermal 
decomposition reaction it is not trivial to obtain a product with narrow composition range [4, 5]. 
The preparation of the type-II clathrate with completely occupied Na guest positions x = 24 has 
succeeded only recently by using an electrochemical solid state reaction in a spark plasma setup 
[6]. In the clathrate-II crystal structure (space group Fd-3m) of Na24Si136 the Na cations are situated 
in two kinds of Si cages, dodecahedral Si20 (site 16c) and hexakaidecahedral Si28 (site 8b). The 
access to Na24Si136 provides the possibility to study the physical properties of a completely filled 
type-II clathrate of the Na-Si system. Na24Si136 might be also a suitable starting material to obtain 
another clathrate composition by removal of Na. Furthermore, it is worth investigating, if a pure 
phase Na24Si136 shows the same depletion behaviour of the two different Na guest positions as it 
recently was found in multiphase-samples prepared by thermal decomposition of Na4Si4 [5].  

A Na24Si136 sample obtained according to [6] was investigated in an in-situ XRPD experiment at 
the experimental station B2 with Debye-Scherrer capillary geometry using the on-site readable 
image plate OBI-detector. The sample was heated stepwise in a closed 0.3 mm quartz capillary to 
the final temperature of 550 °C, at which it completely decomposed to α-Si. At each constant 
temperature step powder diffraction patterns (λ = 0.65125 Å, calibrated with LaB6 standard) were 
taken with the highest possible sampling rate: each pattern was collected within a maximum time of 
15 min. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1:  Time/temperature dependence of X-ray 
powder patterns of NaxSi136 (selected 
patterns). Positions of α-Si reflections
are marked by arrows. 

Figure 2: Time/temperature dependence of the 
lattice parameter (bottom), and of the 
occupancies of the Na positions in the 
clathrate-II NaxSi136 (middle). Error 
bars indicate 1 e.s.d. of the refinement. 
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Fig. 1 shows the evolution of the powder diffraction patterns with time and temperature. After start 
of the heat treatment, the thermal expansion causes the lattice parameter to increase with 
temperature (Fig. 2). The linear thermal expansion coefficient was calculated to be 
α(Na24Si136) = 7.3×10-6 K-1 by linear regression (Fig. 3). A loss of Na was not observed in the 
temperature range between 25 °C and 400 °C. After heat treatment at 400 °C for 90 min, a slight 
decrease of the lattice parameter (Fig. 2) was detected, which points to a loss of Na. However, the 
changes in occupancy for the Na positions are below the significance level of a Rietveld 
refinement. A significant depletion of Na started at 450 °C and proceeded faster at 500 °C. This can 
be seen from the increasing steepness of both the lattice parameter time curve and the time 
evolution of the Na occupancies. Na atoms are only expelled from the smaller dodecahedral cages, 
while the hexakaidecahedral cages were found to remain completely filled over the whole 
measurement. The result is in agreement with findings in earlier works on the Na-Si clathrate-II [5], 
as well as with the observations in a similar study on the K-Ge clathrate-I K7Ge44.25 [7], which also 
revealed a preferred depletion of the smaller cages.  

A significant formation of α-Si is only observed, when the temperature reaches 550 °C. Here the 
lattice parameter of the remaining clathrate phase increases again with time. This can be explained, 
when the Na content in the clathrate phase is increased due to expelling α-Si. Unfortunately, a 
structure refinement is not possible any more, because of the low intensities of the clathrate 
reflections compared to those of α-Si. A similar refilling of the previously emptied dodecahedral 
cages was also observed for the clathrate-I K8-xGe44+y [7]. 

 

 

 

 

 

 

 

The study presented here resulted in both the estimation of the thermal expansion coefficient of 
Na24Si136, and in a deeper insight into the thermal decomposition behaviour of this phase. Na24Si136 
decomposes in a resembling temperature range as it has been observed for NaxSi136 clathrates 
prepared by thermal decomposition of Na4Si4. Furthermore, the preferred depletion of Na atoms 
from the smaller dodecahedral cages [5] is confirmed. 
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Figure 3: Temperature dependence of the lattice 
parameter for Na24Si136. Error bars 
indicate 1 e.s.d. of the refinement. 
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Photon cascade luminescence from Pr3+ ions in
LiPrP4O12 polyphosphate

G. Stryganyuk1, T. Shalapska2, P. Demchenko2, R. Chervatyuk2, A. Voloshinovskii2

1Institute for Scintillation Materials NAS of Ukraine, 61001 Kharkiv, Ukraine
2Ivan Franko National University of Lviv, 79005 Lviv, Ukraine

The number of oxide compounds suitable for photon cascade emission (PCE) is rather limited.
Among the  family  of  Ln 4 12:Pr3+ (A = Li,  Na, K, Rb, Cs) polyphosphates the systems with Li+
have most suitable conditions for PCE observation, since the crystal field strength at the Pr3+ site in
these  system  is  lowest.  Indeed,  the  radiative  relaxation  to  the  Pr3+ 1S0 state has been revealed for
LiLaP4O12:Pr3+ [1] where the 1S0 level is separated from the 4f 15d 1 state by a 0.05 V gap.

The reported experiments in this work are devoted to the studies of Pr3+ luminescence from the
LiPrP4O12 phosphor upon VUV-UV excitation and were aimed at the elucidation of conditions
favorable for observation of PCE for Pr3+.

Powdered samples of LiPrP4O12 polyphosphate were prepared using melt solution technique and
characterized by X-ray powder diffraction. The luminescence characteristics of LiPrP4O12 were
studied upon the excitation with synchrotron radiation from DORIS III storage ring using the facility
of SUPERLUMI station at HASYLAB (DESY, Hamburg). Measurements of luminescence
excitation and emission spectra as well as luminescence decay kinetics were performed at the
Deutsches Elektronen Synchotron (DESY, Hamburg) using the synchrotron radiation from the
DORIS III storage ring and the facility of the SUPERLUMI experiment station at HASYLAB [2].

Figure 1: Emission spectra measured for LiPrP4O12 upon VUV excitation ( exc=180nm)
at T=10 K and T=300 K.

The luminescence spectra of LiPrP4O12 measured under VUV excitation at T=10 K and T=300 K are
presented in Fig. 1. The bands and narrow lines observed in the spectra can be assigned to the
corresponding transitions since the relative locations of Pr3+ energy levels ion are well known. The
wide bands in the range of 220-280 nm are ascribed to 4f 15d 1 4f 2 transitions. The narrow
emission lines around 405 nm in Fig. 1b are due to the 1S0

1I6 and form the first step in the PCE.
The decay time for the 1S0

1I6 transition is of 200 ns as for the 1S0
3F4, 1S0

1G4 transitions. The
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rather weak emission bands in Fig. 1b within the 480-620 nm range are attributed to the 3P0
3H4,

3P0
3H5 and 3P0

3H6 transitions.

The coexistence of 5d and 4f luminescence suggests the presence of activation barrier between 1S0
state and the lowest 4f15d1 state. This activation barrier of 16 meV is determined from the
temperature dependence of decay kinetics of emission from the Pr3+ 1S0 state (Fig.2b). Similar result
for activation barrier is obtained using the temperature dependence of 1S0

1I6 luminescence
intensity (Fig.2a). Such small energy barrier is considered to result in an admixture of 4f 15d 1 wave
functions to 1S0 state and reducing of the decay time for the 1S0

1I6 transition.

The  intensity  of  4f 2 luminescence is significantly reduced with temperature increase from 10 K to
300 K whereas only some insignificant changes are revealed in 5d 14f 1  luminescence intensity.

The decay time constant of 1S0
1I6 emission is reduced from 200 to 10 ns at temperature increase

from 10 to 300K. This can be explained by the thermostimulated population of 5d 14f 1 state from
Pr3+ 1S0 level.

Figure 2: The temperature dependence for LiPrP4O12 of the intensity of radiative Pr3+ 1S0
1I6 transitions

(405 nm emission) (a) and the decay time constant of 405 nm emission (b);
upon the excitation with quanta of exc=175 nm.

With increase of temperature up to 300 K, the 4f 15d 1 absorption edge shifts in such a way that the
1S0 level overlaps with the 4f15d1 band  and  all  observed  luminescence  bands  decay  with  the  same
time constant of 10.5 ns typical for 4f 15d 1 -4f 2 transitions. Therefore, not only the emission bands
in the 200-260nm region are assigned to emission from the lowest 5d level, but also the weak
intensity emission at 405 nm; it is assigned to 4f 15d 1- 1

6 luminescence. The coexistence of Pr3+

5d 14f 1 and 4f 2 luminescence was also observed in BaSO4 and SrSO4 [3].

Therefore, the coexistence of 4f 15d 1 4f 2 and 4f 2 4f 2 luminescence is realized for LiPrP4O12 due
to the activation barrier of 16 meV between the 1S0 and 4f15d1 states providing the population of
Pr3+ 5d via the thermostimulated 1S0  5d 14f 1 transitions. At T=300 K, only the 5d 14f 1

luminescence is observed from LiPrP4O12 because Pr3+ 1S0 level overlaps with 4f 15d 1 states.
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HT- phase analysis of ARBed Mg/Al laminated sheets 
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Motivation

Accumulative roll bonding (ARB) is one kind of severe plastic deformation (SPD) process which 
can produce bulk ultra-fine grained (UFG) metallic materials [1]. To date, ARB process has been 
applied to fabricate various ultra-fine grained metallic sheet and multi-layered composites [2, 3]. 
Mg has  low density  and  excellent  damping  capacity,  normally  exhibits  low  strength  and  low 
formability because of its HCP crystallographic structure [4]. On the other hand, Al often shows a 
higher  strength  and  a  better  formability  than  Mg.  Therefore,  it  is  anticipated  that  the  Mg/Al 
laminated  composites  processed  by  ARB  could  combine  the  advantages  of  both  Mg  and  Al. 
However, high ARB temperature could lead to the formation of Mg/Al intermetallic compounds at 
the Mg/Al interface,  which would influence the physical  properties of the Mg/Al laminates [5]. 
Thus,  it  is  very significant  research the phase variation  of the ARBed Mg/Al laminates  during 
heating process. In this investigation, high energy synchrotron was adapted to investigate the phase 
because its high energy and high penetration depth. 

Experiments 

In current research, the phase measurement were carried out on HasyLab_BW5 using the MAR345 
detector at HARWI-II with 100 keV. The heater and vacuum systems were used to heat up the 
sample and avoid oxidation during the heating process. The fitted wavelength of 0.1269Å (97.7 
keV) and sample to detector distance of 1000 mm.
The materials  used in ARB were commercial  pure magnesium and pure Al sheets. The volume 
fraction  of  Mg  and  Al  were  50%.  One  plate  sample  with  dimension  of  11×10×1  mm3 

(RD×TD×ND) was cut from an ultra-fine grained Mg/Al laminated sheet which was processed after 
ARB 3 cycles at room temperature. The sample was fixed on the sample holder with the RD-TD 
plane vertical to the synchrotron beam, as shown in Fig. 1.

Fig. 1: Global view of the measurement system 
(The arrow on sample indicates the rolling direction) 

Sample

Beam

Vacuum 
  

Heater   
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Fig. 2 shows the heating cycle. At every point in the graphic a diffraction pattern was taken to 
calculate  the  thermal  expansion  behaviour  of  both  phases,  to  investigate  the  constitution  of 
intermetallic Al-Mg compounds and to follow intensity variation. Intensity variation can cause by 
texture evolution during heating (recrystallization) or change in volume fractions.  

Fig. 2: Heating cycle of about 120 min 

Results

Two examples of data evaluation are shown in figure 3.  Al3Mg2 and Mg17Al12  were found at 
360°C and remain stable (figure 3a). Intensity variation in figure 3b at 370°C indicates the dynamic 
and time dependent process, particular the reflex splitting at 3.0° 2θ. 

a  b 

Fig. 3: a) Constitution of intermetallic phases; b) phase development at constant T=370°C 

Due to the high brilliance of the beam one can follow also individual grains and their grain size 
evolution. For texture evolution at higher temperatures a faster measure is necessary. 
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The PbTe-CdTe solid solution is an attractive system for several selected applications due to the 
extremely low relative solubility of PbTe and CdTe resulting from the difference in their crystal 
structure (PbTe crystallize in the cubic structure of rock salt (RS) type, CdTe in the cubic structure 
of zinc blende (ZB) type). A solid solution that exhibits the ZB structure and contains the RS type 
PbTe precipitates (quantum dots) is taken into consideration as an interesting material for developing 
of the mid-IR optoelectronic devices. The nucleation of PbTe quantum dots in CdTe matrix 
governed by the low solubility of these materials, mentioned above was observed for MBE-grown 
layers only (see [1, 2] and references therein). The PbTe-CdTe system in the composition range 
corresponding to PbTe-based matrix containing a lot of CdTe precipitates may be considered as a 
composite perfectly matching principal properties required for future thermoelectric applications. 
However, it is difficult to obtain a uniform material of this kind. So far, in the case of bulk crystals 
grown by the Bridgman technique or by rapid quenching and annealing method only polycrystalline 
samples were obtained. For such quenched Pb1-xCdxTe solid solutions the phase diagram and, in 
particular, the solubility limit have been determined long time ago [3-5].   
 
The recent successful growth of single, bulk Pb1-xCdxTe crystals (with x ≤ 0.11) at the Institute of 
Physics of the Polish Academy of Sciences in Warsaw opened new research opportunities. The 
crystals of about 1 ccm volume with (001)-oriented natural facets were grown by self-selecting  
vapour transport method (the details of the growth procedure can be found in [6]). Due to their one-
phase character and the perfect structure quality these samples were studied by several methods. The 
results of preliminary measurements, related to structure, optical, and electron transport properties of 
these crystals can be found in Ref. [6, 7], some other data are mentioned in this Hasylab Annual 
Report. 
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          Fig. 1.  The  lattice  parameter  value  versus  Pb1-xCdxTe  solid  solution  composition. 
          The dashed line was taken from Ref. [6], open circles correspond to analyzed samples. 
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In this work we report the preliminary results of X-ray powder diffraction studies performed on a set 
of Pb1-xCdxTe solid solutions (where the real composition x varying from 0 to 0.116, respectively).  
All data were taken at the B2 beamline at Hasylab (DESY) using synchrotron radiation 
monochromatized at the photon wavelength λ = 0.5276 Å. The samples were prepared as a mixture 
of powdered Pb1-xCdxTe crystals and fine diamond powder. For sample mounting a thin-wall quartz 
capillary (rotating inside a graphite hitter during the measurements) was applied (20° ≤ T ≤ 800°C). 
The composition dependence of the initial lattice parameter value is given in Fig. 1. Fig. 2 shows the 
part of X-ray diffraction patterns corresponding to the sample containing Pb0.994Cd0.0.056Te solid 
solution as a function of temperature. As one can see, the angular shift of Bragg peaks 
corresponding to Pb0.994Cd0.0.056Te under studies is slightly different below and above the 
temperature of about 650 K. The 111 Bragg peak due to the presence of diamond powder in the 
analyzed sample is also seen in this figure. The similar data were obtained for other investigated 
samples. The analysis of these results, performed with the Rietveld refinement demonstrated non-
monotonous evolution of the lattice parameter with temperature. The solubility limit calculated on 
the basis of present results does not agree with the previous data given in Ref. [3-5] and suggests the 
necessity of some correction of the relevant phase diagram. This work is in progress now and the 
results will be soon published. 
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     Fig. 2: The powder diffraction patterns collected for the sample containing Pb0.944Cd0.056Te 
     solid solution and the diamond powder versus temperature (limited angular range is shown). 
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Space- and depth- resolved 2D X-ray stress analysis  
in hard coatings on inserts 

E. Wild, W. Reimers 

TU Berlin, Institute for Material Science, Metallic Materials, Germany 

The study aims of the combination of methods of space- and depth- resolved 2D X-ray stress analysis for 

investigating hard coatings on inserts (fig. 1a).  

a)    b)   

Figure 1: a) tungsten-carbide insert with a thin layer of blasted -Al2O3 from Helmholtz-Zentrum Berlin [1] 

b) 2D-detector with multichannel plate (MCP), MAXIM, DESY 

 

The analyzing system was the 2D-detector with multichannel plate (MCP) at beamline G3, MAXIM, 

HASYLAB at DESY in Hamburg (fig. 1b) [2-4]. The 2D imaging analysis of the space- and depth-resolved 

stress was performed by using synchrotron X-ray radiation with the wavelengths about  

= 0.2 nm. A variation of the sample rotation angles ( , ),  < 40° was used. The -Al2O3 {211} 

reflection was measured. The resolution of the 2D-images was 26 x 26 µm per pixel. One pixel corresponds 

to four pixels of the 2D-CCD-detector.  

The space resolved 2D gradient residual stress analysis is a combination of different measuring methods 

with physical and material effects. Thus the law´s of Bragg and Beer-Lambert were used to determine depth 

residual stress gradients. Different measuring methods ( -modus, -modus and -modus (fig. 2a)) are used 

for a defined variation of the penetration depths. The defined penetration depth corresponds to 63,  

, where 63% of the diffraction intensity is collected [6]. 

a)   b)  

Figure 2 a) -modus, -modus and -modus for a defined variation of the penetration depth, 

b) diffraction cone of the reflection plane  

For the determination of the specific correction parameters for projection correction (projection rotation, -

adjustment and -equalization) a specimen with a gold structure was analysed at  ~ CoK  on the Au {311}-

reflex. These data were used to build the distortion model of the space resolved 2D phase distribution 

analysis (fig. 3). 
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a)  b)  

Figure 3 a) images of RAW-data from the gold-structure in dependence from the rotation angles ( , ) 

b) images of RAW-data after projection correction of rotation ( , ),  

adjustment (x, y) and equalization  

With these results a space- and depth- resolved residual stresses analysis in the -Al2O3 layer on the insert 

was possible. Fig. 3 shows the space- and depth- resolved interplanar lattice plane distances from the 

Laplace diffraction investigation and fig. 4 displays the visualization of space- and depth- resolved residual 

stress of the specimen based on depth- and space-resolved interplanar lattice planes in a range of penetration 

depth from = 5.5 µm to 10.1 µm (fig. 3). 

a)   b)  

Figure 4 a) Space- and depth- resolved interplanar lattice plane distances in Å from the 

Laplace diffraction investigation on -Al2O3 deposited on an insert 

b) Space- and depth- resolved 2D X-ray residual stress analysis 

 of -Al2O3 deposited on an insert. 

Using this method the blasted -Al2O3 layer show within the range of penetration depths from 5 to 10 µm a 

homogeneous residual stress distribution. As a next step the analysis of the residual stress in the near surface 

area with a 63 < 4 µm is planned, in order to investigate the inhomogeneous residual stress gradient caused 

by the blasted sample preparation.  

The authors would like to thank DFG for the financial support within the framework of SPP1299 ‘Adaptive 

surface for high temperature application‘ [6]. Furthermore the authors would like to thank Dr. J. Donges, Dr. 

A. Rothkirch and Dr. T. Wroblewski HASYLAB at DESY, Hamburg, for the experimental support. 
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Initial investigations of organic ferroelectric memory 
devices 

H. Lemke, and M.M. Nielsen 

Niels Bohr Institute, University of Copenhagen, Universitetsparken 5, 2100 Copenhagen, Denmark 

Organic electronics has emerged as a promising technology for low-cost, large-area micro-electronic 
applications, such as flexible displays, or electronic paper, and contactless radio-frequency identification 
tags, or electronic barcodes. Most of these applications require memory, preferably a non-volatile memory 
that does not lose its data when the power is turned off and that can be programmed, erased and read 
electrically. A memory is based on a physical property that displays hysteresis in response to an applied 
electric field.  

We have made intial investigations of the copolymer P(VDF-TrFE) [poly(vinylidene fluoride-
trifluoroethylene); (CH2CF2)n-(CHFCF2)m]. at the diffractometer station at BW2 using our own Pilatus 
detector mounted on the detector arm of the diffractometer. The thin film samples were equipped with 
electrodes and connected to a function generator. The devices were characterized by grazing incidence X-ray 
diffraction and the experimental conditions needed for in-situ investigation of the structural switching of the 
active PVDF polymer were determined. 

The Bragg reflection originating from stacking layers parallel to the film surface (Fig. 1A) was investigating 
during structural switching of the film at 100 Hz. A gradual disordering of the stacking layers into two 
phases of less pronounced order was observed through decomposition of the Bragg reflection into two weak 
features at different scattering angle (Fig. 1B/C). The effect can be attributed to simultaneous switching and 
radiation by X-rays. The results enable to design devices and an experimental setup which are suited for 
studying selectively the switching process in organic memory devices. This is the target of ongoing 
experiments at BW2. 

 

Figure 1: (A) GIXD pattern measured at 0.7° incidence angle from a P(VDF-TrFE) capacitor. Large rings 
represent Debye-Scherrer rings from allowed (blue) and forbidden (gray) reflections of a Gold powder 

originating from the electrical contacts. Small blue circles represent the simulated positions of a 2D-powder 
of gold crystals that are oriented with the 111-direction in direction perpendicular to the sample surface 

plane. (B) Diffraction profiles from a P(VDF-TrFE) capacitor device in specular geometry as function of the 
total exposure time by the X-ray beam at beamline BW2. (C) Several profiles from (B) at characteristic 
values of the total exposure time showing the splitting of the Bragg reflection after a slight shift towards 

lower scattering angle 2θ.  
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BaLa2Ti3O10 compounds doped with Eu
3+: 

luminescence and excitation properties 
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Rare earth (RE) ions, like Eu3+ can dramatically change the luminescent properties of the wide 
range of oxide luminophors. The BaLa2Ti3O10 is among the last ones. BaLa2Ti3O10 belongs to 
Dion-Jacobson family of layered perovskite-like titanates of common formulae [Lnn−1TinO3n+1] 
where Ln is RE element from La to Sm set. We synthesized and investigated the structure and 
excitation of photoluminescence for BaLa2−xEuxTi3O10 compounds, where x = 0−0.5. 

The microcrystalline powders of these materials were made by utilizing the termotreatment 
(  = 1520 K, t = 2 hours) of simultaneously precipitated barium, titanium, and rare earth 
hydroxycarbonates. Both of the luminescence and excitation spectra were investigated using 
synchrotron radiation from the region 50–330 nm. Experiments with synchrotron radiation were 
carried at SUPERLUMI station, Project #20080221. Diffraction spectrometers which cover wide 
spectral region from 225 to 1200 nm were used. 

Recently we have reported some of the photo-
luminescent properties of these samples. The 
structure of the spectra and lines positions 
correspond to the excitation spectra of Eu3+ ions 
known from the literature for different oxide 
compounds [1–5]. However the consideration of 
excitation spectra of the BaLa2-xEuxTi3O10 
compounds is much more complicated from the 
experimental point of view because of extremely 
low level of signals. As a result the wide 
spectrometer slits were used and some thin and 
weak spectral lines can not be resolved. For 
instance, the excitation spectra of samples with 
the lowest Eu3+ concentration (x = 0.001) is the 
set of the weak wide bands similar to the 
excitation spectrum of initial matrix (Fig. 2, 
curve 1). This fact can be used to prove the idea 
that excitation of photoluminescent emission 
from the ions by UV is indirect.  

The increasing of Eu3+ concentration up to x = 0.01 causes the number of rather narrow lines, which 
are typical for absorption and excitation of PL of Eu3+ ions due to internal transitions in their f-
orbitals. 

The spectral positions of these lines are approximately 400, 460 and 530 nm (Fig. 2, curve 2). These 
lines and some weak peculiarities in 320 – 350 and 360 – 380 nm ranges can be well registered only 
at low temperatures (77 K) (Fig. 2, curve 3). The following increasing Eu3+ concentration (x = 0.1) 
don’t change considerably the shape of the spectrum (Fig. 2, curve 4), but the samples with the 
highest efficiency of PL excitation (x = 0.5) have great number of lines in the range from 300 to 600 
nm. 

 
Figure 1: Spectra of BaLa2Ti3O10 crystals: 
excitation (left, reg = 550 nm) and lumi- 

nescence (right, ex = 334 nm). T = 300 K. 
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Thus, in the PL excitation spectrum of 
BaLa1.5Eu0.5Ti3O10 (x = 0.5) at room 
temperature (the registration was 
performed at the maximum of the main line 
of emission at 5D0

7F4 transition, 
max  703 nm) one can observe the wide 

band of high intensity that lies in the 
spectral range from UV to blue (275–
450 nm) and maximum of its “envelope” 
curve is about 350 nm (Fig. 2, curve 5). 

In addition to the mentioned band seven 
narrow lines of different intensity can be 
observed (max  364, 380, 398, 416, 428, 
435 and 441 nm) too; moreover, the line at 
398 nm is the most intensive one in all of 
the registered spectra. 

In the long-wave region one can observe 
several lines with maxima at 467, 533 and 
591 nm. The excitation lines at 380, 398, 
416, 467, 533 and 591 nm seems to be not 
complicated, but their structure can not be 
resolved due to the reasons listed above. 

The excitation spectra when PL is 
registered at the main band of 5D0

7F2 
transition ( max 615 nm) show the similar 
distribution of excitation efficiency. 

The preliminary investigations of PL 
properties of the set of two-phase samples 
obtained under starting conditions when 
titanium concentration exceeds stochio-
metric ones on 10% were performed. Even 
at a glance they show considerable 
reconstruction of the spectra (the doubling 
of lines of 5D0

7F2 transitions e.g. can be 
used as pattern (Fig.3)). These changes will 
be investigated in more detail in the future 
experiments. 

The work was supported by the Funda-
mental Researches State Fund of Ukraine 
(Project Nr. F29.1/038). 
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Figure 2: Excitation spectra of concentration series of 
BaLa2–xEuxTi3O10: x = 0.001 (1); 0.01 (2, 3); 0.1 (4) and 

0.5 (5). reg = 620 (1,2), 615 (3,4) and 700 nm (5); T = 300 
(1, 2, 4, 5) and 77 K (3). 

 
 

Figure 3: PL spectra of two - (1, 2, 3) and one -phase (2*) 
samples of BaLa2–xEuxTi3O10: x = 0.001 (1); 0.01 (2,2*) 

and 0.1 (3). ex = 334 nm; T = 300 K. 
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Rare-earth transition metal silicides of the compositionRE2TMSi3 (RE... rare earth,TM... tran-
sition metal) have been the subject of intensive studies formultiple decades and exhibit not only
long-range magnetic ordering, but also short-range correlations. Some of the more complex investi-
gated magnetic properties could not be explained, considering the simple crystal structure assumed
in the literature so far. From neutron diffraction measurements the existence of a2a × 2a × 8c
superstructure was proposed [1]. Using single crystal x-ray diffraction experiments we could iden-
tify and solve the commensuratly modulated crystal structure of Ho2PdSi3 [2]. The structure can
be described in the superspace groupP6/mmm(003

8
)0000, utilizing the incommensurate crystal-

lography. Nevertheless, a certain amount of atomic disorder was found. It is not yet clear if this is
inherent in this system or is a result of a mainfold twinned crystal structure. Moreover, the structure
refinement indicated that a certain ordering of specific types of lattice planes are favored.
To investigate the local structure of the Pd atoms lattice plane-selective we employed Diffraction
Anomalous Fine Structure (DAFS) and Extended X-ray Absorption Fine Structure (EXAFS) exper-
iments at the Pd-K absorption edge. The measurements were performed at beamline E2 (R̈OMO)
usingσ-polarized radiation monochromatized by a Si (111) double crystal monochromator. A NaI
scintillation detector was used to measure the diffractionintensity, while an energy dispersive detec-
tor (EDD) situated perpendicular to the plane of diffraction was measuring the fluorescent intensity
and an ionization chamber between monochromator and samplewas recording the primary beam
intensity. The Bragg reflections investigated were001 and002 of a Ho2PdSi3 single crystal so far.
An energy range of24.2...25.0 keV was chosen with variable step size (∆E = 10 eV for E in
[24200, 24300], ∆E = 2 eV for E in [24302, 24450], ∆E = 3 eV for E in [24453, 24600] and
∆E = 4 eV for E in [24604, 25000]). Afore the EDD was calibrated to record the emitted PdKα

andKβ radiation.
For each energy step we recorded a rocking curve (continuousω-scan) like shown in Fig. 1 and
simultaneously the scan time using a frequency synthesizer, which was about2.8 s and1.3 s for
the001 and002 reflection, respectively.
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Figure 1:ω-scan of the Ho2PdSi3 001 Bragg reflection atE = 24751 eV incident photon energy.
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During this time fluorescence readings were taken by the EDD.Afterwardsω was set to the maxi-
mum value and another set of diffraction and fluorescence intensities was recorded with a sample
time of2 s for the001 reflection and10 s for the002 reflection.
As DAFS signal three different approaches were compared. First, the integral of the rocking curve
fitted by gauss function was taken into account. This is provided by the simple scan analysis (SSA)
which is included in SPECTRA. Second, the intensity measured at the maximum of the Bragg
reflection was used and third, the integral over the whole rocking curve less the mean background
was determined. It was calculated by

IDAFS =

ωmax∫

ωmin

I(ω) dω −

Bleft + Bright

2
· (ωmax − ωmin) ,

whereBleft andBright are the background of the left and right side of the recorded Bragg peak,
respectively, also provided by the SSA. All values were normalized to the scan time and the primary
beam intensity. The resulting DAFS curves of the Ho2PdSi3 001 and002 reflection are shown in
Fig. 2.
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Figure 2: DAFS curves taken from integral value calculated by SSA, peak intensity and integral value calcu-
lated over the whole rocking curve of the001 reflection (a) and the002 reflection (b).

Comparing the different DAFS curves, taking the SSA integralby gaussian fit yields the smoothest
curves with a comparable low noise. When these data are compared for both, the001 and the002
reflection, respectively, small differences can be seen. Therefore, we suggest certain stacking faults
within the crystal structure. A detailed analysis is in progress.
We intend to measure certain superstructure reflections with optimized experimental parameters to
resolve specific types of stacking faults in more detail and thus to clarify the sequence of Pd/Si
lattice planes within the Ho2PdSi3 crystal structure.
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Titanium Nitride (TiN) is an important material with diverse applications due to its unique properties (e.g., 
electrical conductivity higher than that of Ti-metal, high melting point of about 3000 ºC, the hardness close 
to that of diamond, significant chemical corrosion resistance).  TiN powders in nanosized range were 
synthesized by the application of an anaerobic „imide” route (10-50 nm, low oxygen content) [1] and aerosol 
synthesis (40-80 nm) [2]. No known reports address sintering of nano-TiN under HP-HT conditions.  
Preliminary studies on recrystallization and lattice relaxation were performed at HASYLAB, MAX80 Cubic 
Anvil Press (F2.1 station) [3], to optimize the sintering conditions to obtain high-density/low oxygen TiN 
ceramics. 
In this report we present continuation of examination of two powders of TiN, one with 5 nm average grain 
size that was synthesized at 500 ºC and another with 26 nm grain size that was obtained at 800 ºC.  
Generation and relaxation of microstrains was traced by analyzing the changes of FWHM of Bragg 
reflections, macrostrain was measured from weighted positions of Bragg reflections.  The diffraction data 
were collected in energy dispersive geometry.  Sodium chloride was applied as a pressure marker and no 
pressure medium was used. 
Below we present the results of examination of samples compressed up to the pressure of 6 GPa and thermal 
expansion of 5 and 26 nm TiN powders under the pressure of 6 GPa. 
 
Compression 
Fig.1 shows compression of TiN powders under the pressure of 0-6 GPa measured for (200) reflections 
calculated for their weighted positions.  The specific shape of the plots is due to the core-shell structure of 
individual grains.  Referring to a core-shell model of a nanocrystalline grain we assume that there are two 
distinctive volumes of the sample corresponding to the core and the shell, which obviously show different 
elastic properties [4]. What one measures in an experiment as a Bragg reflection is a combination of two 
components of its shape, corresponding to the core and shell of the grain [5]. 

 

Fig.1  Compression of 5 and 26 nm TiN powders, (a), 
and corresponding changes of FWHM of (200) Bragg 
reflection, (b). 

Figure 1 (a) shows that at ambient pressure, d200 
(thus also the corresponding lattice parameters) 
values of both samples are about same, d/d0 ≅ 
0.99, and they are about 1% smaller than that of 
bulk TiN (d0 = 2.13 and corresponds to 
crystalline TiN).  At the initial stage of 
compression, up to about 25-30 kbar, the 5 nm 
sample compresses very strongly, and 26 nm 
sample shows no compression.  At this stage, 
there is a strong increase of micro-strains in 5 nm 
sample, Fig. 1(b) but no increase of strains is 
observed in the 26 nm sample.  The origin of this 
behavior is in different elastic properties of cores 
and shells of the grains (softer shells and harder 
cores) and in different ratios of the sample 
volume corresponding to the shells and cores.  
The pronounced compression of soft shells has a 

strong effect on the position of Bragg reflection of 5 nm sample, but contribution from the compressed shell 
to Bragg peak positions for 26 nm sample is very small. At the initial stage most of the strain energy is 
accumulated in the shell, which hardens and protects the inner part of the grains, the cores, from being 
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compressed [5].  At the second stage, above 30 kbar, the material becomes homogenous (the densities of 
cores and shells become equal) and the measured compression of both samples is similar. 

 
Thermal expansion 

Fig.2. Thermal expansion of 5 and 26 nm TiN powders, (a), and 
corresponding changes of FWHM of (200) Bragg reflection, (b). 

The samples annealed under pressure show 
that there is a characteristic temperature 
which divides the examined temperature 
interval in two parts where TiN shows 
different thermal expansion.  Up to 
temperature of about 5000C the thermal 
expansion coefficient is about that 
observed for single crystalline material;  
the inlet shows the lattice expansion 
corresponding to α = 10-6 K-1.  Above 
5000C the thermal expansion increases 
very strongly, and this is accompanied by 
a very rapid relaxation of microstrains, 
Fig.2 (b).  After full relaxation of micro-
strains (above 8000C the broadening of 

Bragg reflections, FWHM, is only due to grain size), during cooling, the thermal expansion coefficient 
(here: compression) is again that of TiN lattice.  
The reasons for a very large thermal expansion measured for nanocrystalline TiN above 400-5000C are 
obviously connected with core-shell structure of the grains.  One has to remember that in a diffraction 
experiment one measures positions of intensity maxima, which one routinely treats as Bragg reflections with 
corresponding specific d-values.  One has to remember, however, that information which one gets is only 
about this part of the sample volume which contributes to Bragg reflections.  Considering that a nanocrystal 
shows a core-shell structure, Bragg reflections are combinations of two components corresponding to the 
core and the shell, thus there might be a part of the sample volume which, due to strains or disorder might 
not contribute to Bragg maxima.  The plots of Figs. 1 and 2 present average compression and average lattice 
expansion as measured from weighted positions of the reflections.  One might assume that the real d-values 
of the examined materials are those measured for the relaxed samples after pressure and temperature 
treatment, i.e. d200/d0 for 5 nm grains is about 0.99, and for 26 nm – 0.995.  After densification at 6 GPa the 
d-values measured before heating are obviously not representative for the whole sample volume:  they 
correspond to this part of the sample volume which is very strongly compressed, probably at the contacts 
between individual grains, while this part of the sample volume which is strained but located in the pores do 
not contribute to Bragg reflections and do not affect their positions.  The real average d-value for the whole 
sample volume is larger (by the value H shown in Fig.2 a) than that measured before heating under pressure.  
A very “fast” relaxation above 400-5000C observed in Fig.2(b) describes the process of rearrangement of 
individual nanograins and disappearance of porosity in the material. 
 
This work was supported by DESY-HASYLAB, Project I-20070111 EC, Contract RII3-CT-2004-506008 
(IA-SFS).  
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Now new methods and approaches to diagnostics and treatment of the cancer diseases using 

nanotechnologies and grounded on use of nanoparticles are intensively developed. Last decade one 

of most successfully developed treatment methods of a cancer is photodynamic therapy (PDT), 

based on use of photosensitive materials—the sensitizers, capable to ooze «jet oxygen», destroying 

cancer crates [1]. It is considerably more sparing method in clinical practice than surgery or 

radiative therapy. At introduction in an organism, sensitizer molecules preferentially accumulate in 

a tumour. The subsequent action of the long-wave IR-radiation, sometimes in a combination with a 

X rays, leads to their excitation and formation of the cytotoxic singlet oxygen actively participating 

in an oxidising of a biological material.  

Traditionally used as sensitizer in PDT porphyrin tends to aggregate and that considerably reduces 

its efficiency. Usually, the method to raise efficiency is increment of sensitizer dose but that leads to 

undesirable side-effects. Other sensitizers existing today are astable and decay under the influence 

of light that restricts their practical application, besides, they, as a rule, are toxic. These 

circumstances dictate necessity of making a new photosensitive materials essentially for use in 

PDT. 

 

Nanosystems on the basis of zinc selenides (ZnSe/polymer) and nanocomposites on a basis of bi-

componental particles (Zn/Se) were synthesised during redox reactions in water solutions 

precursors and the hydrophilic polymers of the various nature used as stabilizers. As stabilising 

polymers hydrophilic polymers were used: poly(N-vinyl-2-pyrrolidone) (PVP), and synthesised 

modelling polymers - polyelectrolytes (anionic and cationic) for studying of influence of the nature 

of a charge and hydrophobic groups on structural-morphological characteristics of formed 

nanosystems. We used ionogenic polymer causing electrosteric stabilization of nanoparticles poly-

N,N,N,N-trimethyl(methacryloyloxyethyl)ammonium methyl sulphate (PTMAEM). Photoditazin  is 

one of the most effective domestic drug in PDT, it was developed on a basis of N-methylglucaminic 

salt of chlorine e6 and has application as a photopolymerizing sensitizer for the treatment of cancer 

diseases [2].  

All samples for the experiment were synthesized in Institution of IMC RAS. For this study four 

samples PVP+ZnSe, PTMAEM+ZnSe, PVP+ZnSe+photoditazin, and 

PTMAEM+ZnSe+photoditazin were used. The powdered samples were prepared for scattering 

measurements by pressing them into pellets 4 mm in diameter. Thickness of samples for the study 

were from 0.11 cm till 0.13 cm. 

 

Anomalous small-angle x-ray scattering (ASAXS) and x-ray absorbtion measurements (XANES) 

were conducted at the experimental station B1 in HASYLAB, Germany. The shifts in the position 

of the absorbtion edge and the fine details of the XANES data indicated that Zn and Se in the 

samples are presented. ASAXS can give information about size the nanoparticles. The scattering 

intensity was energy dependent, due to the ZnSe nanoparticles. Element specific composition 

fluctuation and surface caused can be very important for the verification of certain predictions made 

in a newly developed approach to the selective photodynamic therapy of oncological diseases. 
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Exploring structure and morphology of synthesised nanostructures by means of complex physical 

methods will allow us to erect correlations between synthesis parametres, the shape, and the sizes of 

nanostructures, character of the interphasic interactions, photophysical properties and biological 

activity of the synthesised hybrid materials.  
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The Al2O3:C crystals is widely used as thermoluminescent (TL) and optically stimulated luminescent (OSL) 
dosimetric materials [1, 2]. The TSL and OSL properties of Al2O3:C were widely studied in works [1-3]. The 
luminescence of Al2O3, Al2O3:Ti and Al2O3:Cr crystals was also investigated under high-energy VUV excitation 
[4-8]. Nonetheless, there is no evidence related to the VUV excited luminescence of Al2O3:C. That stimulate us 
to comparative analysis of the luminescent properties of Al2O3:C crystal in comparison with the Al2O3 
counterpart. The Al2O3:C crystal were purchased from Landauer Inc., USA [1]; the undoped Al2O3 crystal was 
grown in IISB, Erlangen by the Czochralski method in vacuum (~10-3 Pa). The time-resolved luminescence of 
Al2O3:C and Al2O3 crystals was studied at Superlumi station at HASYLAB under excitation by pulsed (0.13 ns) 
synchrotron radiation (SR) with an energy of 3.7-25 eV at 9K and 300 K in the framework of II-20090087 project.  
The luminescence spectra of Al2O3:C and Al2O3 crystals under excitation by SR with different energies are 
shown in Fig.1. The emission spectrum of Al2O3 crystals at 9 K under excitation in the exciton range at 8.97 eV 

(curve 1) is the superposition of the luminescence of F+ and F centers in the 329 and 416 nm bands, respectively 
[1-3], and the exciton luminescence of Al2O3 host in band at 240 nm [4]. The luminescence of F and F- centers 
dominates in the spectra of A2O3 crystal (Fig.1, curves 2 and 3, respectively) under excitation at 6.35 and 4.8 
eV in the maxima of corresponding excitation bands of these centers (Fig.2, curves 2 and 3). Under excitation 
in the range of interband transition (13.6 eV) and exciton range (8.88 eV), the emission spectrum of Al2O3:C 
crystal at 9 K (Fig.1, curves 4 and 5, respectively) is the superposition of the luminescence bands of F+ and F 

centers at 324 and 413 nm, respectively, the emission band at 290 nm of excitons localized around oxygen 
vacancies [6, 9] and weak host excitonic band at 240 nm. The comparison of the luminescence spectra of Al2O3 
and Al2O3:C crystals (Fig.1) show, that the exciton host emission of Al2O3 crystals in 240 nm band is 
suppressed when the intensity of emission of excitons localised around oxygen vacancies in 290 nm bands is 
increased. In RT range, the luminescence of F-centers at 415 nm dominates in the spectra of Al2O3 and A2O3:C 
crystals under excitation in the exciton range (8.66 and 8.84 eV, respectively) (Fig.1b, curve 1 and 2). The 
emission bands of F-centers in Al2O3 and Al2O3:C crystals practically coincide at 300 K (Fig.1b) and slightly 
shifted (~5 µm) at 9 K (Fig.1a). The luminescence of F+ centers in 330 nm band prevails in the spectra both 
crystals (Fig.1b, curve 3) under 4.82 eV excitation in the maxima of the corresponding bands (Fig.2, curve 5). 
The luminescence of F+ centers in Al2O3 crystal at 325 nm at 9 K (Fig.2, curve 2) is excited in the characteristic 
three bands at 4.84, 5.31 and 5.87 eV, related to the 1A→2A, 2B and 3P transitions of this center [6, 7, 9]. The 
excitation spectrum of the F+ center luminescence in Al2O3:C crystal at 329 nm shows the same structure but 
another distribution of the intensities of the 4.84 and 5.32 eV bands as that for Al2O3 crystal (Fig.2, curve 4). The 
observed changes can be caused by the influence of the excitation bands of F centers partly overlapped with the 
5.37 eV excitation band of F+ centers. The excitation spectrum of the F-center luminescence in Al2O3 crystals 
consists of the dominating band at 6.21 eV and the band at 8.905 eV in the exciton range, related to the creation 
of excitons bound with F-centers (Fig.2, curve 3). The main excitation band of the F-center emission in Al2O3:C 
crystal is widely broadened in the high-energy side (Fig.2, curve 6) due to very large concentration of these centers. 
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Fig.1 Luminescence spectra of Al2O3 and Al2O3:C crystals at 9K (a) and 300 K (b) under excitation in the range of interband 
transitions (13.75 eV), in exciton range (8.54-8.97 eV) and excitation bands of F (6.25 eV) and F+ centers (4.80-4.82 eV). 
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Fig.2 (left). Excitation spectra of exciton (1, 4), F+- (2, 5) and F-centers (3, 6) luminescence in Al2O3 (1-3) and Al2O3:C 
crystals at 9 K. The registration wavelength is indicated in the legend of the figure. 
Fig.3 (right). Decay kinetics of F+ center luminescence at 325-330 nm (1, 2) and exciton luminescence at 240 nm (3) 
and 280 nm (4) in Al2O3 (1, 3) and Al2O3:C (2, 4) crystals at 9 K. 
 

The excitation spectrum of the exciton emission at 240 nm in Al2O3 crystal shows sharp double peaks at 8.81 
and 9.005 eV. We suppose that the last band can be related to the excitation of the low-energy component of 
self-trapped exciton (STE) emission in Al2O3 host [4]. The band at 8.81 eV may correspond to the creation 
of excitons localized around F-center. The excitation spectrum of the exciton luminescence in the Al2O3:C 
crystal in the 290 nm band at 9 K significantly differs from that of Al2O3 crystal for 240 nm band and 
consists of other two intensive peaks at 8.58 and 8.83 eV in the exciton range. The structure of this spectrum 
is closer to the excitation spectrum of the F+-center luminescence in Al2O3:C crystal in the same range; e.g. 
the emission in the 290 nm band is the luminescence of excitons localized around F+-centers. 
This conclusion is also supported by the decay kinetics of the exciton luminescence of Al2O3 and Al2O3:C crystals 
at 9 K (Fig.3). The decay kinetics of the 290 nm exciton luminescence in Al2O3:C crystal (curve 4) substantially 
different from the decay kinetics of the 240 nm exciton luminescence in Al2O3 crystal (curve 3) and very close to 
the decay kinetics of F+ centers emission in both crystals (curves 1 and 2). Namely, the decay time of the 290 nm 
exciton emission in Al2O3:C crystal (2.6 ns) is very close to the decay time of F+ center luminescence (2.0 ns). 
Somewhat lower decay time of the F+ emission Al2O3:C crystal in comparison with Al2O3 sample (2.3 ns) can be 
caused by the concentration quenching due to very large content of F+ centers in this crystal. The decay kinetics of 
the 240 nm exciton luminescence of Al2O3 crystal (curve 3) shows typical form for STE emission in oxides [4, 10]. 
The decay curve can be approximated by the fast component with a decay time of 8.2 ns and slow component with 
decay time in the hundred µs range related to the radiation transition from the triplet relaxed excited state of STE. 
Concluding, we found that the luminescence properties of Al2O3:C crystals is close to ones for undoped Al2O3 
analogues, grown by the Czochralski methods in vacuum (~10-3 Pa). The luminescence of Al2O3:C crystal is 
caused by the dominant emission of F- and F+ centers in the bands at 413 and 324 nm, respectively. The decay 
time of F+ center luminescence in Al2O3 and Al2O3:C crystals at 9 K is equal to 2.3 and 2.0 ns, respectively. We 
show that due to strong increasing the concentration of oxygen vacancies and related with them F and F+ 
centers in Al2O3:C crystal, the intrinsic exciton emission of Al2O3 crystal in the 240 nm band vanishes and 
transforms into the luminescence of excitons localized around F+ centers in the band at 290 nm with the decay 
time of 2.6 ns. The electronic structure of F and F+ centers and excitons localized around F+ centers in Al2O3 
host can be determined more exactly from the excitation spectra of both Al2O3 and Al2O3:C crystals. Namely, 
the energies of creation of exciton bound with the mentioned is equal to 8.905, 8.83 and 8.555 eV, respectively. 
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The high-temperature superconductor (Bi,Pb)2Sr2Ca2Cu3O10 (Bi2223) is one of the few materials
exhibiting performances that are suitable for large scale power applications. Its manufacture in form
of flexible wires or tapes suited for the design of cables, requires a metal sheath in order to stabilise
mechanically the thin strands of superconducting ceramic. In the production process known as
“power-in-tube”, a mixture of precursor powders is packed into a Ag tube, which is then
mechanically deformed to the required dimensions. In principle, the precursor powders do not
consist in Bi2223 but in a mixture of other phases instead. After deformation of the metal/precursor
powders composite, the wire/tape is heat treated at high temperature in order to convert the
precursor phases into Bi2223. The conversion is however not complete in a single heat treatment
and the complete process involves an additional high temperature treatment following an
intermediate mechanical densification process. In order to speed up the conversion process, it has
been proposed to add a small amount of pre-reacted Bi2223 grains as seeds in the precursor
powders [1-3]. During the present project, the incidence of such seeds on the Bi2223 phase
formation mechanism has been studied in-situ on 4 tapes containing various amounts of Bi2223
seeds.

The present studies were performed at beamline BW5 with a 77keV incident beam. The samples
(3cm long tapes) were placed in a furnace with a flow of 8.5% oxygen – 91.5% Ar. After an initial
fast heating to 450C, the tapes were heated to 830C at a rate of 100C/min with an intermediate
2h dwell at 765C. Details on the data analysis process will be published elsewhere [4].

Figure 1: Time evolution of the Bi2Sr2CaCu2O8 (cyan) and Bi2223 (blue) volume fractions in tapes with
standard precursor powders (left) or 3% Bi2223 (right).

As shown in Fig.1 for a standard tape (no Bi2223) and a tape containing an initial amount of 3%
Bi2223, the time dependence of the Bi2223 fraction exhibits a different shape in Bi2223 seeded
tapes. Analysing the time dependence of the Bi2223 volume fraction by means of the Avrami
relation, we could evidence that Bi2223 particles in the precursor powders actually suppress the
initial nucleation stage and modify the formation mechanism towards a pure plate growth process.
Higher initial amounts of Bi2223 further enhance the contribution of plate-shaped Bi2223

-400-



crystallites thickening as the more numerous Bi2223 seeds result in an early impingement of
growing grains [4].
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Many molecular electronic devices are created by sandwiching an organic film between two metal 
electrodes. The organic film can be deposited on the bottom electrodes by spin casting, vapour 
deposition, solution phase self assembly or Langmuir-Blodgett (LB) transfer. The top electrode is 
then normally vapour deposited. The problem with this method is whether the LB film survives the 
deposition or not, and how the internal film structure is after the metal deposition. Studies using X-
ray reflectivity (XR) have shown that it is possible to obtain structural information about the LB 
film and the damage caused by the metal deposition, without damaging the device in the process 
[1]. 

This project investigates the penetration and stopping ability of two different metals, gold and 
titanium, into an LB film. The samples investigated consisted of a silicon substrate where a LB 
monolayer of cadmium arachidate Cd(C20H39O2)2 had been transferred. The top electrodes 
consisted of 100 Å thick vapour deposited Au or 50 Å and 100 Å of Ti and Al respectively. The 
samples were investigated using atomic force microscope and XR before and after the top electrode 
had been deposited. The XR measurements showed that in the case of Ti/Al the deposited metal 
stopped at the interface whereas in the case of Au the metal penetrated deep into the monolayer, see 
figure 1. 

 

Figure 1: The electron density profiles obtained from the XR measurements of a Ti/al sample (black line) 
and a gold sample (blue line). The dashed red line is an ideal case profile of a Ti/Al sample generated for 

comparison. 
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Heteroepitaxial semiconductor systems, formed by layers of materials with different bulk lattice
parameters deposited on a substrate, play a crucial role in semiconductor devices [1]. The strain
induced by the lattice mismatch between the different layers can be used to enhance the mobility of
charge carriers in electrically active regions [2]. However, once a particular layer exceeds a certain
critical thickness plastic relaxation takes place by the formation of dislocations [3]. Dislocation
threading segments penetrate the layer stack and act as scattering centers in electrically active
regions and hence may decrease the carrier mobility. Therefore, the characterization of dislocations
in such systems plays an important role in process optimization. The diffusely scattered intensity
due to dislocations has been studied by many groups [4, 5]. Most of these works use analytical
formulas for the calculation of the displacement field due to the dislocations, which are limited
to isotropic materials and simple dislocation geometries. In this work we used an approach based
on the extended finite element method (XFEM) developed by Belytschko [6] and first applied to
dislocations by Gracie [7, 8] which overcomes these limitations.
We investigated here a tensile strained, 6.1 nm thick PbSe film grown on top of a 100 nm thick
PbTe buffer layer which was grown on top of a CdTe substrate. All growth was done by means of
molecular beam epitaxy at a temperature of 360 ◦C.
X-ray diffraction experiments were performed at beamline P08 at the PETRA III synchrotron at
HASYLAB in Hamburg, Germany. Reciprocal space maps (RSMs) around the (002) and (115)
CdTe Bragg peaks were recorded at a beam energy of 8944 eV. The measurements are shown in
Figs. 1 (b) and (c). From the position of the PbSe peak in the (115) RSM a degree of relaxation of
R = (aPbSe,|| − aPbTe,||)/(aPbSe,bulk − aPbTe,||) = 0.81 of the PbSe layer was obtained, indicating,
that the layer has undergone plastic relaxation. In both RSMs shown in Fig. 1 the reflection from the
PbSe epi-layer breaks up into lateral satellites which we assumed are due to a periodic dislocation
network. The mean distance of the dislocations was obtained from the distances ∆qy between the
oscillations with 〈L〉 = 2π/∆qy = 10.5 nm. The peak widths δqy and positions qy relative to the
0th-order peak can be fitted by a parabolic function δqy = (σLqy)2 / 〈L〉 (see Fig. 1(a)) clearly
indicating a short-range-ordering [9]. We obtained σL = 0.81 nm.
To verify that the satellites and their broadening are really caused by dislocations and not by some
other defects we compared our experimental data with computer simulations of the diffraction pat-
tern around the (002) and (115) Bragg peaks. The displacement field due to dislocations, which is
required for the calculation of the scattered intensity was obtained from XFEM calculations. Un-
like the standard finite element method XFEM can handle discontinuities like they appear around
the dislocation plane easily. Pure edge dislocations with dislocation lines along the [110] direc-
tions were incorporated into the XFEM models. The Burgers vector was assumed to lie parallel
to the interface. To account for the statistical distribution, 20 dislocations were placed randomly,
with a Gaussian distribution with a FWHM of σL around a mean distance 〈L〉, in a model slab
of 200×200 nm2. The scattered intensity was calculated in kinematical approximation. As in the
experiment an area is illuminated larger than the lateral coherence length, and much larger than the
simulated domain, we have simulated many model slabs and added the respective intensities inco-
herently. Although being independent of each other, all XFEM domains share the same statistical
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Figure 1: (a) shows the experimental (triangular sym-
bols) widths versus position of the lateral satellites
and the corresponding parabolic fit (black line). The
(b) and (c) show the experimental (color plot) and
simulated (black contour line) reciprocal space maps
(RSMs) for the (002) and the (115) diffraction, re-
spectively. The yellow spot in the (115) RSM de-
notes the Bragg peak of the PbSe epilayer. In the
(002) map satellites up to the 3rd order are visible
while in the (115) map only second order satellites
can be seen. The simulation data is from a dislocation
ensemble with dislocation distances of 10.5±0.8 nm.

properties. For our simulations N = 30 domains were used for different values of σL (namely
0.75 nm, 0.8 nm, and 0.85 nm). The results of the x-ray simulations for dislocations ensembles
with σL = 0.8 nm are denoted by the black contour lines in the RSMs depicted in Figs. 1 (b)
and (c). The excellent match between the simulation and the experiment clearly proves that the
strain field due to the dislocations gives rise to the satellite peaks. Moreover, in the simulation we
assume that all dislocations have the same Burgers vector. If the actual dislocation network would
contain dislocations with different Burgers vector the scattering pattern would be different. Hence,
the simulation also allows to determine the dislocation’s Burgers vector. Work was supported by
FWF, Vienna (P18125000), EC, Brussels (II-20060180 EC).
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The PbTe-CdTe system constitutes an attractive material for development of certain electronic or 
optoelectronic devices. In particular, such a system with a high Cd content can be used for some 
thermoelectric applications. Due to the limited mutual solubility of PbTe and CdTe [1], resulting 
from the difference in their crystal structure (rock-salt for PbTe and zinc blende for CdTe), it is also 
expected to be a suitable material for mid-IR optoelectronic devices based on quantum dots created 
in spinodal decomposition. Up to now, the bulk Pb1-xCdxTe solid solutions were obtained in the form 
of polycrystalline samples only, produced by a rapid quenching followed by annealing or by the 
Bridgman technique (see, e.g., [2-4] and references therein). 
 
Recently, bulk single crystals of Pb1-xCdxTe, were grown at the Institute of Physics PAS in Warsaw 
by self-selecting vapour growth method (the details of the growth procedure can be found in [5]). As 
a result of the growth process, crystals of about 1 ccm volume with (001)-oriented natural facets 
were obtained. The structural, electrical and optical properties of these alloys were studied both 
experimentally and theoretically, the preliminary results of these investigations were reported in 
[6,7] (see also this Hasylab Annual Report).  
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Fig. 1. The overview spectrum of Cd0.85Pb0.15Te taken for hν = 80 eV 

 
In this work we report the results of the photoemission study of electronic states distribution in 
selected Pb1-xCdxTe solid solutions (where the nominal composition x was equal to 0.06, 0.08, and 
0.15, respectively). The experiments were performed at the E1 beamline at DESY-HASYLAB using 
synchrotron radiation monochromatized with the FLIPPER II plane grating vacuum monochromator 
designed for the photon energy range of 15-200 eV. The spectrometer was equipped with a CMA 
electron energy analyzer. The overall energy resolution was kept at 0.2 eV. The clean surfaces 
suitable for photoemission experiments were prepared in situ by repeated cycles of argon ion 
sputtering and annealing under UHV conditions.  
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Fig. 1 shows the overview spectrum of 
Pb0.85Cd0.15Te covering the valence band and 
the shallowest core levels of the crystal 
constituents. Apart from the maxima of Te 4d 
and Pb 5d, the feature related to Cd 4d appears 
at the binding energy of 11.8 eV with the 
intensity corresponding qualitatively to the Cd 
contents in the system.  
 
In Fig. 2 the spectra showing the density of 
electronic states in the valence band and the Cd 
4d maximum are compared. They were taken 
for Pb0.94Cd0.06Te, Pb0.92Cd0.08Te, 
Pb0.85Cd0.15Te and for hν = 50 eV. The 
spectrum for x=0.06 does not deviate much 
from that corresponding to pure PbTe. The 
increase of Cd contents in the crystals leads to 
appearance of an additional density of states in 
the large part of the valence band, for binding 
energy range from 3 to 10 eV. The spectral 
features occurring due to introduction of Cd do 
not correspond to the shape characteristic of 
the valence band of CdTe. Thus, the results of 
the reported experiments show that a solid 
solution has been created with strongly 

modified density of states distribution in the valence band.  
 
The authors acknowledge support by the Ministry of Science and Higher Education (Poland) grant 
DESY/68/2007. The research leading to these results has received funding from the European 
Community’s Seventh Framework Programme (FP7/2007-2013) under grant agreement no. 226716. 
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The huge interest in silicon nanocrystals (Si NCs) during more than 10 years is caused by 
their unique fundamental physical properties and their promising applications. Si NCs have for 
instance superior optical properties as compared to bulk silicon owing to quantum confinement 
effects. Novel properties of devices containing Si NCs have been demonstrated in new generation 
of optoelectronic devises [1,2] as well as in third generation photovoltaic solar cells [3]. One of the 
biggest advantages of Si NCs compared to bulk Si is their intensive visible photoluminescence 
(PL). The origin of the PL from Si NCs embedded in SiO2 is unclear so far and the study of 
luminescence and optical properties in the ultra violet (UV) and vacuum ultra violet (VUV) spectral 
ranges might clarify this shortcoming.  

In the present study the optical and luminescence properties of Si NC in the UV-VUV 
spectral range were studied with pulsed synchrotron radiation from the DORIS III storage ring of 
DESY (Hamburg, Germany). The Superlumi experimental station of HASYLAB was used for the 
measurements of emission, excitation and transmission spectra [4,5].  

Randomly distributed Si NCs embedded in the dielectric SiO2 matrix were fabricated on 
high purity quartz substrates by means of radio frequency magnetron sputtering with a subsequent 
thermal annealing in a N2 atmosphere at 1100 0C for 1 h. The growth procedure has been 
demonstrated in details elsewhere [6]. In the present work we report the results for three samples 
with different Si NCs mean diameters as determined by transmission electron microscopy data to be 
2.5 nm, 3 nm and 4.5 nm. High-resolution transmission electron microscopy indicates a high degree 
of crystallinity of the NCs obtained.  
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Figure 1: PL spectra for Si NCs with different diameters under 150 nm (8.27 eV) excitation at 8 K (left). PL 
excitation spectra for Si NCs with different diameters are depicted in the right graph. Each spectrum was 
measured at maximum of corresponding PL spectra. 

-407-



 
 

The emission and PL excitation spectra for three samples with different Si NCs average size 
are demonstrated in Fig. 1. It is clearly seen that PL peaks position depends on the Si NC size. 
According to literature data [7,8], the band gap of Si NC increases when its size decreases due to 
quantum confinement effects. On the other hand, if the PL peak position is known one can 
determine the mean size of a Si NC from theoretical calculations. According to theory [7,8] PL 
peaks at 1.4 eV, 1.6 eV and 1.65 eV as in Fig. 1 correspond to ~5 nm, ~3 nm and ~2.5 nm NC 
diameters, respectively. PL excitation spectra for each sample measured at the PL peaks maximum 
are shown in Fig. 1 (left). It is clearly seen in Fig. 1 (right) that the PL excitation spectra are 
different for the different samples in the 3.7-9 eV spectral range. On the other hand, for all samples 
studied a strong suppression of the PL intensity is observed when the excitation energy exceeds 9 
eV. Moreover, no Si NCs emission under excitation in the 9-20 eV spectral range was observed. 
Taking into account that the band gap of SiO2 is about 9 eV this PL intensity suppression is most 
likely due to absorption of the surrounding oxide. It demonstrates that the energy transfer from the 
surrounding SiO2 matrix to Si NCs is not efficient, and that charge-carriers from the surrounding 
oxides (after interband transition in SiO2) do not form PL centers in the Si NCs.  

The PL excitation spectra in the 3.7-9 eV spectral range have broad shapes, and at least three 
peaks can be resolved in the spectra. These peaks are well defined in the spectrum of the largest 
NCs but less well defined for the smaller NCs. It is clearly seen that the excitation spectra are 
shifted to higher energy for the samples with the smaller Si NCs diameters. A possible explanation 
of this effect is related to the influence of the NCs size on the energies of the optical transitions. 
Indeed, due to quantum confinement effects the band gap of the Si NCs increases, and this band gap 
change should be seen not only in the PL emission spectra (Fig. 1 left) but also in the PL excitation 
spectra. On the other hand, the position of the maximum of the PL excitation spectrum of the 
sample with the biggest Si NCs at 4.9 eV is much bigger than the band gap of the Si NCs of 1.4 eV 
estimated from the PL spectra in Fig. 1 (left).  
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VUV spectroscopy of nanocrystalline MgO
 

E. Feldbach, M. Kirm, A. Maaroos, H. Mändar and R. Saar 

Institute of Physics, University of Tartu, Riia 142, 51014 Tartu, Estonia 

MgO is among the best materials to investigate electronic excitations of nanocrystals because its 
electronic properties in bulk form are thoroughly investigated [1, 2]. In comparison to bulk 
counterparts nanocrystalline materials possess several unique properties caused by large number of 
atoms located at the kinks, edges and steps of individual nanocrystallites and their interfaces [3]. 
Most of the materials used in applications are powders, which have high surface to volume ratio 
increasing a role of radiative and non-radiative relaxation processes at surfaces. Recently we have 
applied luminescence along with other methods in investigation of properties of electronic 
excitations of thin ultra-smooth MgO films prepared by pulsed laser deposition [4]. The goal of the 
present study was to reveal effects due to crystallite size on electronic excitations in MgO:Al. 

Nanocrystalline MgO samples (doped with 0.3 mol% of Al) of various dimensions were 
synthesized using combustion method [5] and XRD characterized at the Institute of Physics 
(University of Tartu). After the combustion process, the foam-like powder was pressed into pellets 
and annealed in different atmospheres at different temperatures (up to 1600 °C) to obtain ceramics 
with various crystallite sizes as well as various concentration of defects (oxygen vacancies mainly). 
Analysed XRD patterns (Fig. 1) show, that phase pure MgO was obtained with crystallite sizes (by 
Voigt analysis of peak shapes) from 25 to 80 nm depending on thermochemical treatment 
conditions. Time-resolved luminescence spectroscopy was carried out under VUV/XUV excitation 
in a wide temperature range (6-300 K) at SUPERLUMI (Strahl I) and BW3 stations of HASYLAB, 
respectively. Additionally cathodoluminescence studies of the same samples were carried out at our 
set-up in Tartu. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1: XRD pattern of MgO 
ceramics showing X-ray apparent  
crystallite size of 80(15) nm. Miller 
indices of lattice planes are shown at 
the location of reflections. 

 

Figure 2: Photoluminescence spectra (not corrected for the spectral response of the detection system) of 
MgO:Al samples of various sizes at 10 K (a – bulk single crystal, size ~1 cm; b – ceramics with 
nanocrystallite size of ~25 nm; c – ceramics with nanocrystallite size of ~80 nm; ħνexcitation=10.8 eV) and 
cathodoluminescence spectrum at 5 K (CL) of the sample c. Long-wavelength part recorded with higher 
resolution for samples a and c is shown in the separate window. 
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Al
3+

-doped MgO possesses well-known luminescence of VAl-centres at ~5 eV, which is stable up to 
room temperature. It can be conveniently used as a probe for relaxation processes in nanocrystals. 
Photoluminescence spectra of samples of different dimensions are depicted in Fig. 2. The sample 
with ~25 nm crystallite sizes (b) had the lowest emission intensity and no emission in UV. 
Emission of sample c (~80 nm crystallite size) has nearly similar spectral composition to bulk 
MgO:Al crystal, with the UV emission blue shifted and noticeable redistribution of intensities in 
visible region. A small amount of Cr impurity is visible as the R-lines at 1.775 eV. 
Cathodoluminescence (see Fig. 2, CL) shows the edge emission (< 7.7 eV) present like in bulk 
MgO crystals. However, in nanocrystals considerable intensity reduction and inhomogeneous 
broadening of excitonic maxima (near ~7.7 eV) was revealed in the excitation spectrum for 5.7 eV 
emission of sample c (Fig. 3). In the interband transition region, there are no significant differences 
in the behaviour of bulk and nanosamples. The main reason for the absence of the recombination 
luminescence from the VAl-centres in the UV region of nanocrystalline MgO (Fig. 2, b) is caused by 
the diffusion of charge carriers with mean free path of 220 nm according to [6], which can easily 
approach the surface of crystallites followed by their non-radiative decay. Even though no self-
trapping occurs in bulk MgO, the required conditions can be achieved at lower symmetries. The 
luminescence band peaked at ~5.7 eV can be interpreted as the emission of the self-trapped excitons 
on the surface, which is in agreement with theoretical predictions of [7]. Alternative explanation is 
that this emission band belongs to the blue-shifted VAl-centres due to quantum confinement effects. 
Rapidly decreasing luminescence intensities as a function of crystallite size and above mentioned 
diffusion processes set limits to the experimental verification of above mentioned hypothesis. 

This work was supported by the European Community's 7th Framework Programme (FP7/2007-2013, grant 
226716) and by the Estonian Science Foundation (grant 8306). 
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Figure 3: Photoluminescence excitation spectra for 5.7 eV band (blue line) of nanocrystalline 
MgO:Al (crystallite sizes of ~80 nm) at 10 K compared with the excitation spectrum for 5 eV 
band (magenta line) of usual-sized single crystal together with its reflectivity spectrum (red line). 
The near-band-gap region (7.5-8.5 eV) is zoomed to show the broadening of excitonic lines in the 
nanocrystalline sample. 
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Biocompatible Magnetite Nanoparticles at the 
Air/Water Interface 

C. Stefaniu, D. Novikov1, H. Moehwald, and G. Brezesinski 

Max Planck Institute of Colloids and Interfaces, Am Muehlenberg 1, 14476 Potsdam, Germany 
1HASYLAB at DESY, Notkestr. 85, 22607 Hamburg, Germany 

In the last decade, the iron oxide nanoparticles, known as SuperParamagnetic Iron Oxide 
Nanoparticles (SPION), have received a significant attention from the scientific world due to their 
applicability in a variety of domains. In the biomedical field [1], the iron oxide nanoparticles are 
very useful as drug delivery systems, as magnetic resonance imaging contrast enhancers (clinical 
diagnosis), as inflammation response or anti-cancer agents, for labeling and cell separation. These 
NPs are very attractive for medical purposes due to their unique features, such as their large 
surface/volume ratio, which allows them to bind, adsorb or carry compounds such as drugs, 
proteins, enzymes or antibodies, which can be then directed to a special tissue or organ using an 
external magnetic field, or can be heated in alternating magnetic fields for use in hyperthermia. 

The system studied in the present work is completely different from the iron oxide NPs already 
studied at the air-water interface. It consists of a monodisperse population of Fe3O4 cores with a 
diameter of 6.4 nm, which are grafted with catechol-terminated copolymers of 2-(2-
methoxyethoxy) ethyl methacrylate (MEO2MA) and oligo(ethylene glycol) methacrylate 
(OEGMA) [2]. The NPs were named Fe3O4@MEO2MA90-co-OEGMA10, 90 and 10 representing 
the molar fractions of MEO2MA and OEGMA, respectively. It is important to highlight the fact 
that these NPs are dual dispersible. Due to the presence of oligo(ethylene glycol) side groups on the 
surfaces, the Fe3O4@MEO2MA90-co-OEGMA10 NPs can be dispersed in water, exhibiting a high 
colloidal stability against salt, and in the same time, they can be well dispersed in organic solvents, 
like chloroform, ethanol or toluene.  

Due to the fact that the NPs can be dispersed both in water and chloroform, the NPs films have 
been prepared either by adsorption of the NPs from the aqueous bulk solution or by spreading them 
at the interface from a chloroform solution. Dispersed in water, the Fe3O4 NPs adsorb at the 
air/water interface. Using a concentration of 1.5·10-3 mg/ml, a constant surface pressure value of 
approximately 23 mN/m is reached after 20 h. Compression/expansion isotherms of Langmuir 
layers formed by spreading are shown in Figure 1. 

 

 

 

 

 

 

Figure 1: Compression/expansion isotherms of a NPs layer prepared by spreading (starting coverage 3.89·10-

4 mg/cm2) on Milli-Q Millipore water at 20 °C. 

By compression, a significant increase of the surface pressure is observed until a value of 
approximately 25 mN/m. This is the critical pressure (πc) of the NPs film. During further 
compression, a plateau region appears at which the surface pressure increases only slightly up to a 
maximum value of 27 mN/m. It is very important to highlight that no hysteresis of the 
compression/expansion isotherms is observed when the interfacial film formed by spreading is 
compressed to surface pressures below the critical pressure of the Langmuir layer. This suggests 
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that no loss of the NPs from the interface occurs by compression. Therefore, we can calculate the 
interfacial concentration of NPs corresponding to the critical pressure. The critical concentration 
amounts to (7.7 ± 0.6)·10-4 mg/cm2. This value is in good agreement with the NPs’ interfacial 
concentration of 8.2·10-4 mg/cm2 which can be calculated considering that all the NPs of the 
aqueous solution adsorb at the air/water interface. This shows that the adsorbed particles are 
trapped at the interface and do not exchange with the subphase. Comparing the 
compression/expansion isotherms, a pronounced hysteresis was observed. The question arises 
whether the NPs form an irreversible multilayer film on top of the water surface or are squeezed out 
from the interface and re-dispersed into the aqueous bulk above the critical pressure. In order to 
distinguish between the two possible scenarios, we further investigated the NPs Langmuir film in 
situ, using the X-Ray fluorescence technique at BW1, and also after the transfer onto a solid 
support by using Transmission Electron Microscopy (TEM) and Atomic Force Microscopy (AFM) 
(Figure 2, left). 

 

 

 

 

 

 

 

Figure 2: Left) AFM image  of the NPs Langmuir layer transferred on mica. Middle) The X-ray fluorescence 
Fe Kα and Fe Kβ peaks. Right) Schematic representation of the setup and the procedure used as described: 
First compression on the spreading area (right side), and after waiting 110 min above the critical pressure, 

the left compartment is compressed. 

The X-ray fluorescence Fe Kα (6.4 keV) and Fe Kβ (7.06 keV) lines, obtained for a NPs film 
compressed to 25 mN/m (in the plateau region), are shown in Figure 2, middle. The presence of Fe, 
and therefore of the Fe3O4 NPs, at the air/water interface is confirmed by the characteristic peaks. 
Moreover, the AFM image presented in Figures 2, left, confirms also the presence of the NPs at the 
interface, revealing at the same time a lack of special arrangement of the metallic cores. The AFM 
measurements indicate that these NPs form monolayers but not multilayers.  

In order to prove that upon compression to surface pressures above the critical pressure the NPs are 
squeezed out from the interface into the aqueous subphase, the following experiment was 
performed. A layer of NPs was formed on the right side of the one barrier Langmuir trough (Figure 
2, right) by spreading. By using two surface pressure microbalances (W1 and W2), we were able to 
measure at the same time the surface pressure on both sides of the barrier. After compressing the 
film to a minimal surface area, the barrier was stopped in this position for 110 min. Then the barrier 
was compressed to the left side of the trough (expansion of the right side). An increase in the 
surface pressure on the left side and a decrease of the surface pressure on the spreading area was 
measured. AFM measurements of samples prepared by the Langmuir-Schaefer technique from the 
left side of the barrier proof the presence of NPs desorbed from the right compartment and 
adsorbed to the left compartment. Moreover, the enrichment of the left compartment with the iron 
oxide NPs was proved by measuring in situ X-Ray fluorescence spectra at different surface 
pressures. An increase of the intensity of the characteristic Fe Kα and Fe Kβ X-ray fluorescence 
peaks upon compression of the adsorption layer can be seen.   
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Switching kinetics of thermoresponsive micellar 
hydrogels 
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Thermoresponsive polymers have received increasing attention as they respond with a strong 
volume change to a small change of temperature across the lower critical solution temperature 
(LCST). They are of great interest for medical applications as well as for controllable nanoporous 
membranes [1]. An example for a thermoresponsive polymer is poly(monomethoxy diethylenglycol 
methacrylate) (PMDEGA) which has an LCST between 30 °C and 50 °C depending on the 
concentration. 

We investigate triblock copolymers which have two short 
hydrophobic polystyrene (PS) endblocks and a longer 
hydrophilic PMDEGA middleblock (Figure 1). In aqueous 
solution, they form flower-like core-shell micelles or, above 
the critical gel concentration micellar hydrogels. When heated 
above its LCST, the PMDEGA block becomes hydrophobic 
and releases water from the micellar shell, which 
consequently collapses, similar to poly(N-isopropyl 
acrylamide) based triblock copolymer systems [2,3]. The 
structural changes of the polymeric hydrogels upon fast 
heating and cooling through the LCST are investigated with 
small-angle x-ray scattering (SAXS). 

Time-resolved SAXS experiments were performed at beamline A2, HASYLAB at a wavelength λ = 
0.15 nm and a sample-to-detector distance of 1.04 m. A MarCCD detector was used. A custom-
made sample holder allowed heating from the fully swollen into the fully collapsed regime within 
approx. 25 s. Two copolymers were investigated: PS11-b-PMDEGA82-b-PS11 and dPS10-b-
PMDEGA100-b-dPS10 with fully deuterated PS-blocks. Copolymer concentrations of 50 mg/ml, 200 
mg/ml and 300 mg/ml in D2O were chosen, i.e. in the micellar solution and micellar hydrogel state. 
Every 30 s, an image was taken. 

 

Figure 2: SAXS curves during temperature jumps from a) 34 °C (blue) to 38 °C (red) and back and b) 34 °C 
(blue) to 43 °C (red) and back for PS11-b-PMDEGA82-b-PS11 in H2O at a concentration of 300 mg/ml  

 
Scattering curves for two different jump depths are shown in Figure 2 for PS11-b-PMDEGA82-b-
PS11 at 300 mg/ml. The samples were kept at 34 °C for 5 min, then they were quickly heated to 38 
°C (Figure 2a) or to 43 °C (Figure 2b). After 35 min at high temperature, they were quickly cooled 
back to 34 °C. 

Figure 1: PS-b-PMDEGA-b-PS 
triblock copolymer 
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For PS-b-PMDEGA-b-PS triblock copolymers, the matrix scattering is expected to dominate, due to 
the high scattering contrast between H2O and PMDEGA. Upon heating, the collapse takes place 
within 30 s after the temperature jump, which corresponds to the heating time of the sample-holder. 
The collapse is finished after 90 s. Moreover, during the first 90 s after the jump, the correlation 
peak moves from 0.6 nm

-1
 to 0.9 nm

-1
. From small-angle neutron scattering experiments, it is 

known that strong forward scattering at small q-values arises above the LCST. These findings 
indicate that the collapsed micelles pack more closely than in the swollen state, and they form 
clusters above the LCST. 

Two major differences are noticed for the two jump depths: For the target temperature of 38 °C, one 
can still observe the structure factor of core-shell micelles in the collapsed state. At 43 °C (Figure 
2b), in contrast, the structure factor vanishes, which points to a dissolution of the PS spheres in the 
PMDEGA matrix in the clusters. Moreover, upon cooling, the system needs more time to relax to 
the original state than from 38 °C, i. e. it takes long time for the clusters to dissolve again and for 
the micelles to re-form. 

 

 

 

 

 

 

 

 

Moreover, we have investigated the reversibility of the structural changes observed. Figure 3 shows 
a sequence of 6 cycles between 38 °C and 42 °C. In the first cycle, the scattering curve differs from 
the subsequent ones, i.e. the kinetics are different. During heating, the micelles collapse rapidly and 
form clusters, whereas upon cooling the clusters need long time to dissolve again, which hinders the 
swelling of the micellar shell. 

We conclude that triblock copolymers form micellar hydrogels in H2O and D2O and show 
thermoresponsive behavior. Time-resolved synchrotron SAXS allowed us to follow the collapse 
kinetics on a large range of length scales. The kinetics of the structural changes depend on the jump 
depth and whether the sample is heated up or cooled down. 

Financial support by the Deutsche Forschungsgemeinschaft within the priority program SPP1259 
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Figure 3: Time-resolved scattering curves 
during cyclic switching between 38°C (blue) 
and 42°C (red) for P(S-d8)10-b-PMDEGA100-
b-P(S-d8)10 in D2O at a concentration of 300 
mg/ml.  
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1,6-Diene Copolymers: Mechanical Response derived 
by Crosslinking Formation and Crystallite Thickness 
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Crosslinking is a broadly used method for the modification of polymer properties. This process 
involves the formation of three-dimensional structures causing substantial changes. Crosslinked 
polyolefins, especially polyethylene, PE, are of significant practical interest as well as crosslinked 
rubbers and thermosetting resins. All commercially utilized processes for the initiation of 
polyolefin crosslinking are based on the formation of polyalkene macro-radicals at some stage of 
the process. Common ways of initiating crosslinking involve macro-radical formation via thermal 
decomposition of organic peroxides, high energy irradiation (gamma or electron beam) and grafting 
of silane groups, which form crosslinks via hydrolysis of silanole moieties [1].  

The current investigation aims to facilitate the development of crosslinking in PE based samples. 
This approach consists in the preparation of unsaturated polyolefins through the copolymerization 
of ethylene with non-conjugated dienes. This synthetic route takes advantage of the use of 
metallocene catalysts leading to the synthesis of statistical copolymers with narrow molecular 
weight distributions and with the side branches randomly distributed along the polymer backbone. 
5,7-Dimethyl-1,6-octadiene, DMO, was chosen as comonomer since it has a vinylic double bond 
that can be polymerized with a metallocene catalyst, while the presence of substituents on the 
second double bond inhibits its polymerization, leading this way to pendant double bonds on the 
ethylene-co-5,7-dimethylocta-1,6-diene copolymers. Then, three different unsaturated polyolefins 
have been prepared and characterized. These are labeled as CEDMO0.7, CEDMO1.0 and 
CEDMO1.9, the numbers being referred to molar composition in the DMO comonomer. The 
structural information obtained is compared to that exhibited by a high density polyethylene, 
HDPE, synthesized under similar conditions. Electron beam (EB) irradiation was carried out at an 
industrial installation in atmospheric air at ambient temperature using a 10 MeV Rhodotron 
accelerator. All polymeric films were irradiated on one side and were exposed to an irradiation dose 
of about 33 kGy per pass. Several passes under these conditions were required for the distinct 
irradiation doses, being named 33 kGy as A, 67 kGy as B, 133 as C and 233 kGy as D. The 
structural changes in crystalline regions have been checked by wide and small angle X ray 
scattering, WAXS and SAXS, respectively, and differential scanning calorimetry, DSC, and the 
crosslinking degree of amorphous phase has been determined by the ratio of the final weight of the 
insoluble polymeric fraction (estimated through extraction cycles with p-xylene at 140°C) to its 
initial weight previous extraction. This crosslink formation is confirmed by FTIR. The mechanical 
response has been checked by microhardness. 

The effect of irradiation is rather mild in the crystalline features at a given composition. All the 
copolymers and the homopolymer crystallize in the orthorhombic lattice. The DMO comonomer 
used in the present work is rather bulky and the capability of being incorporated to the PE lattice 
does not practically exist. Therefore, the crystallinity and crystallite thickness are significantly 
reduced in the copolymers compared to that estimated in HDPE, as seen from the WAXS profiles 
represented in Figure 1 and from lc values determined through long spacing and crystallinity 
depicted in Figure 2. The diminishment of crystallite size affects considerably the location of the 
melting and crystallization temperature calculated either by real-time WAXS and SAXS 
experiments or by DSC. 
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Figure 1: WAXS profiles at room temperature for the different specimens analyzed, non-irradiated (NR) and 
irradiated with several EB doses (A, B, C and D). 
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Figure 3: Gel content (left) and microhardness values as function of irradiation dose (right) found in 
CEDMO0.0 homopolymer and its copolymers with different DMO contents. 

The existence of double bonds in the lateral chains in the copolymers makes easier the development 
of crosslinkings after applying irradiation (see left plot in Figure 3). Therefore, at a given dose, the 
gel content is in the statistical CEDMO copolymers higher than that exhibited in the homopolymer. 
The presence of these crosslinkings within amorphous regions allows overcoming those negative 
aspects found in the crystalline regions so that an increase of microhardness and, consequently, 
rigidity is observed (right graph in Figure 3). 
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Examination of crystallinity in thin polymer films using

GIWAXS
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Like many polymers the conductive polymer poly(3-octylthiophene-2,5-diyl) (P3OT) is counted

among the semi-crystalline materials. This means P3OT includes regions in which the polymer

chains order in a crystalline way. These regions are usually surrounded by amorphous regions

without crystalline ordered structure. In conductive polymer devices crystallinity is of special in-

terest since it has influence on its conductivity. The orientation of the crystalline phases can for

instance lead to anisotropic conductivity [1].

Thin films consisting of P3OT were prepared by spin-coating from tetradytrofuran (THF) solution

on pre-cleaned glass substrates. For exploration of the influence of thermal treatment, films were

annealed at 130 ◦C for 15 minutes on a hot plate under vacuum conditions and quenched to room

temperature.

To examine the crystallinity of the P3OT films grazing incidence wide angle x-ray scattering (GI-

WAXS) was used. For this reason an new experimental setup was constructed at the beamline BW4

at Hasylab. Placed at a distance of 123 mm behind the sample, the detector covers an angular region

from 0◦ to 35◦. This setup allows the detection of structures in the nm- and sub-nm-region.

The analysis of the scattering images is accomplished by sector integrals perpendicular (vertical)

and parallel (horizontal) to the substrate surface. The integrals are compared with each other in two

different ways.

Fig 1a shows the comparison of vertical and horizontal integrals of the same polymer film, like

indicated by the pictograms. The top graphs (I) and (II) pertain to the annealed film, the bottom

graphs (III) and (IV) to the unannealed film. All of the graphs displayed show scattering max-

ima caused by crystalline structures within the films. The (100), (200) and (300) maxima can be

assigned to the same structural length named ”a”. The (100) is the main maximum of this struc-

tural length. (200) and (300) are higher order peaks. Consequently their values of q are twice

(q(200) = 5.1 nm−1) and three times (q(300) = 7.7 nm−1) higher than q(100) = 2.5 nm−1 respectively.

Via the formula a = 2πh
q

, with the crystallographic indice h = 1 the value of a = 2.5 nm can be

calculated from the (100) peak . The (010) peak corresponds to a structure size b = 0.4 nm oriented

perpendicular to a [2] [3].

Although the structures a and b are perpendicular to each other within each crystalline region, the

orientation of the different crystalline regions has an angular distribution. For the unannealed film

the intensity of the (100) maximum is higher in vertikal direction while the intensity of the (010)

maximum is equal in horizontal and vertikal direction. The corresponding comparison for the an-

nealed film shows almost equal intensities for the (100) maximum in both directions. In vertical

direction the intensity of the (010) maximum is higher than in horizontal direction.

The direct comparison of the annealed and unannealed films in vertical direction (Fig 1b, top),

shows a shift towards higher values of q for the (100), (200), (300) and (010) maxima in the graphs

of the annealed film. This corresponds to a 9 % shrinkage of the structures a and b in real space.

For the annealed film the (100) maximum is less intense and broadened. In Fig 1c a region with a

small slope can be found around the position of the (100) maximum of the unannealed film. The
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Figure 1: Sector integrals from GIWAXS scattering images. a) Direct comparison of horizontal (I/III) vs.

vertical (II/IV) sectors for annealed polymer films (top) and unannealed films (bottom). b) Direct comparison

of annealed (V/VII) vs. unannealed (VI/VIII) films in vertical (top) and horizontal direction (bottom). Graphs

(I) and (II), (III) and (IV), (V) and (VI), as well as (VII) and (VIII) are shifted by the same value respectively.

c) Zoom of the (100) maximum region of the vertical sector integrals of b).

intensity of the (010) maximum is enhanced in the annealed film with respect to the unannealed

one.

The horizontal graphs (Fig 1b, bottom) show a shift of the maxima toward higher values of q as

well. In contrast to the vertical graph, the intensity of the (100) due to annealing and the intensity

of the (010) maximum decreases.

In summary, the examined polymer films show crystalline features even without post production

annealing. The relatively simple molecular structure of the P3OT monomer presumably promotes

the formation of crystalline ordered regions in the film.

In the annealed film the scattering intensity caused by the structure a is more strongly oriented

in horizontal direction than it is for the unannealed film. Inversely the scattering intensity of the

structure b is oriented stronger in vertical direction. These observations lead to the conclusion that

the predominant orientation of the crystalline regions changes due to the annealing.

The shrinkage of the crystalline structures can be explained by a structural optimization caused

from reorientations of the side groups as well as by residual THF molecules leaving the polymer

film during the annealing [4].
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Photoactive semi-conducting polymers have shown to be interesting candidates for photovoltaics 
due to their high absorption coefficient, easy processibility, mechanical flexibility and low costs. 
Due to the high exciton binding energy a two component system is in organic photovoltaics 
necessary to have efficient charge carrier separation. Furthermore, there are stringent constraints in 
device fabrication due to the short exciton diffusion length, i.e. the charge carrier separation has to 
occur in this length scale (on order of 10 nm). Therefore, the morphology of the polymer film is 
crucial. 

Besides the inner film structure of organic photovoltaic devices, the material system used plays an 
important role. On the one hand, so called all polymer systems in which the active layer consist of 
photoactive polymers only are common. On the other hand, hybrid systems combining organic and 
inorganic materials have shown great potential. To obtain such hybrid systems typically a 
nanostructured porous inorganic basic layer is created for instance via a sol-gel approach. In a 
second step, these nanopores are filled with a photoactive polymer. In our new approach, we use a 
diblock copolymer as the structure-directing agent in which we selectively incorporate inorganic 
nanoparticles. We select the diblock copolymer poly(styrene-b-p-phenylene) (P(S-b-PP)) which 
combines a standard coil-like polymer and a photoactive rod-like polymer [1]. Titania nanoparticles 
coated with 4-tert-butylcatechol (TBC) where incorporated. P(S-b-PP) was dissolved in 
tetrahydrofurane (THF) together with different titania nanoparticle content and spin coated on pre-
cleaned glass slides. By solvent annealing the micro-phase separation of the copolymer films was 
enhanced. To investigate the influence of solvent annealing as well as the nanoparticle 
incorporation grazing incidence small angle X-ray scattering measurements were performed at the 
beamline BW4 (HASYLAB). 

 

Figure 1: a) 2d GISAXS pattern of a thin P(S-b-PP) film. b) Corresponding IsGISAXS simulation, the 
colour code of the 2d scattering patterns is identical. The black circle represents the specular beam stop. 

In Fig. 1a the 2d GISAXS scattering pattern of a pure P(S-b-PP) film is presented. The side maxima 
in horizontal direction correspond to the micro-phase separation in the P(S-b-PP) film. For further 
analysis a 2d IsGISAXS simulation based on a full DWBA approach was performed (Fig. 1b). The 
selected model assumes vertically oriented cylinders of PPP embedded in a matrix of PS. The 
cylinder diameter is 10 nm and the distance between two neighbouring cylinders is 16 nm, which 
fits quit well to the length scales expected from the molecular structure [2]. The total height of the 
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film as well of the cylinders was fitted to 79 nm. In the simulation all basic features of the GISAXS 
measurement are well reproduced, however, due to the rather simple model approach (neglecting 
roughness on small scale) at large values of the scattering vector some small deviations are present. 

In the experiment, the titania nanoparticle content was varied from 0 wt% to 20 wt%. As shown in 
the out-of plane cuts of the GISAXS measurement (see Fig. 2a) the inner film structure is altered by 
incorporating titania nanoparticles. Two features marked with arrows change with increasing 
amount of embedded nanoparticles. The structure factor denoted “A” corresponds to the inter-
cylindrical distance described above. From the pure P(S-b-PP) film (bottom curve) to the films with 
higher particle content the feature “A” is converted from a peak to a more shoulder-like shape and 
at a content of 20 % nanoparticles (top curve) it is strongly damped. This evolution is due to loss of 
contrast between the PS and the PPP domains in the polymer film. Consequently, the titania 
nanoparticles balance the difference in refractive index of PS and PPP. As the refractive index of 
PS is smaller than the one of PPP and titania has an even higher one, the nanoparticles are 
incorporated selectively in the PS domains. Furthermore, the structure factor “A” is slightly shifting 
to smaller of the lateral scattering vector component qy which means an increase of the distance of 
the PPP domains. The selective incorporation of titania implies the swelling of the PS domain and 
therefore results in an increase of the inter-cylindrical distance. 

 

Figure 2: Out-of plane (a) and detector cuts (b) of P(S-b-PP) films with incorporated titania nanoparticles. 
The nanoparticle content is increasing from the bottom to the top curve. The arrows mark the structure 
factor (“A”) and the nanoparticle form factor (“B”). The curves are shifted for clarity along the y-axis. 

The second feature (denoted “B”) corresponds to the form factor of the spherical titania 
nanoparticle embedded inside the dibloc copolymer film. At a content of 20 wt% this dominates the 
out of plane scattering. 

In Fig. 2b the detector cuts of the 2d scattering patterns are presented. With increasing nanoparticle 
content the Yoneda peak is shifting to the critical value of titania. Furthermore, the addition of 
nanoparticles influences the film homogeneity as the correlated roughness is getting less 
pronounced with increasing content. At higher nanoparticle content the wavelength of intensity 
oscillations changes in addition, which can be a hint for a formation of a thinner enrichment layer 
[3]. 
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A system for the simultaneous investigation of nanomechanical cantilever sensors by phase shifting 
interferometry and µ-focused x-rays was developed. This will enable to directly correlate the 
structure on top of each individual nanomechanical cantilever with the generated surface stress. 

For the conduction of these experiments a special interferometry setup was developed. The setup 
consists of a home build phase shifting interferometer and a special sample cell. The phase shifting 

interferometer enables us to automatically detect the absolute 
bending of each individual cantilever over time for the 
calculation of the applied surface stress[1]. By the use of the 
sample cell we are able to simultaneously perform gracing 
incidence small angle x-ray scattering and x-ray reflectivity 
studies using the µ-focus option at the BW4[2,3]. The sample 
cell also allows use to heat the sample and/or create different 
atmospheres. To align the experimental setup the whole setup 
is mounted on top of a hexapod (M-824.3VG, Physical 
Instruments) and then aligned inside the beamline BW4. 

From phase shifting interferometry measurements we are able 
obtain a 3-dimensional topography image of the whole 
cantilever array. Line scans along each individual cantilever 
and fits of the obtained 2-D profiles with a polynomial 
function gives us the curvature of the cantilever. The 
curvature allows us to calculate the surface stress generated 
by the film on top of the cantilever. µ-GISAXS experiments 
on the film on top of each individual cantilever allow us to 
obtain information on surface topology and inner structures. 
µ-XRR experiments provide additional information about the 
film thickness and the density profile perpendicular to the 
surface[4]. The simultaneous investigation of both cantilever 
bending and film structure allows us to accurately correlate 
structures to the resulting surface stress.   

 

 

 

 

 

 
 

Figure 1 Experimental setup for the 
simultaneous investigation of 
nanomechanical cantilever sensors by 
phase shifting interferometry and µ-
focused X-rays 
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Figure 2 Schema for determination of the curvature of a 
cantilever by phase shifting interferometry 

Figure 3 Geometry of µ-GISAXS experiment on top 
micromechanical cantilever 
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Laterally structured block copolymer thin films are promising candidates for a variety of 
applications, such as the preparation of nanostructured sensors [1]. Solvent annealing offers a 
simple and flexible method with a potentially high degree of controllability through careful choice 
of solvent [2,3]. For thin films of poly(4-octylstyrene-b-butylmethacrylate) (P(OS-b-BMA)) diblock 
copolymers, it has been observed that lateral structures are obtained by treatment of a spin-coated 
film with hexane vapor and subsequent drying [4].  

We have followed the processes going on during treatment with hexane and subsequent drying 
using in-situ, real-time grazing-incidence small-angle X-ray scattering (GISAXS). This way, the 
lamellar orientation, the lamellar thickness, the film thickness and the surface roughness could be 
monitored. It was found that the treatment with hexane results in the perpendicular lamellar 
orientation which is stable upon subsequent drying.  

The polymer under study has an overall molar mass of 35 600 g/mol and a weight fraction of POS 
of 62 %. In the bulk, it forms the lamellar morphology with a lamellar thickness of 260 Å [4]. The 
film was prepared by spin-coating. Three different film thicknesses were obtained by spin-coating 
at 1000, 2000 or 3000 rpm. GISAXS experiments were performed at beamline BW4 with a sample-
detector-distance 2 m and a wave length of 1.381 Å. The incident angle was chosen at 0.20-0.25°. 
Measuring times of 40-60 s were used in time-resolved measurements. Liquid hexane was injected 
into a reservoir in the sample cell which was at ambient pressure. Drying of the sample was carried 
out by flushing the cell with N2 gas.  

 

Figure 1: 2D GISAXS images of the thick film of OB during vapor treatment with hexane (a) and 
subsequent drying (b). The times after injection of hexane into the sample cell (a) and after the start of 

drying (b) are given above the images. The grey rectangles cover the beamstop region. The vertical arrow in 
(a) points to the peak observed. 
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The changes during exposure to saturated hexane vapor are evident from the time series of GISAXS 
images shown in Fig. 1a. During the first 5 min, an intensity maximum appears which we attribute 
to the growth of perpendicular lamellae. During drying (Fig. 1b), the peak becomes weaker but does 
not vanish, i.e. the obtained lateral structure persists after drying. 

 

Figure 2: Thicknesses of the perpendicular lamellae as a function of time during treatment with hexane 
vapour and drying. The dashed lines mark the times when vapor treatment and drying were started. (a) 

Thick film, (b) medium film, (c) thin film.  

The thickness of the perpendicular lamellae (e.g. the lateral repeat distance) shows complex and 
film thickness dependent behavior (Fig. 2). Interestingly, the initial values are different for all films 
and decrease with decreasing film thickness. In the vapor, for the thick and the medium film (Fig. 
2a,b), the lamellar thickness shows a sharp minimum after 12 min and 6 min, respectively. After 14 
min and 9 min, respectively, the lamellar thickness levels off at values below the initial one. Again, 
these values depend on film thickness. For both films, very rapid changes take place upon drying, 
and the final lamellar thickness is lower than the initial one. In contrast, in the thin film (Fig. 2c), 
the changes of the lamellar thickness during vapor treatment are smooth and very slow. After ~30 
min, a plateau is reached at a value higher than the initial one. Afterwards, the lamellar thickness 
slowly decreases and reaches a plateau during the drying process.  

We conclude that major rearrangements take place on the way to lateral ordering. Their pathways 
depend strongly on the film thickness.  

We gratefully acknowledge funding by the Graduate School ’Materials Science of Complex 
Interfaces’. 
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Thin polymer films are used in various fields of applications such as coatings to achieve protective, 
adhesive, dielectric, conducting or resistive layers. Normally such layers are exposed to an 
environmental atmosphere, which contains a variety of small molecules like water molecules. 
Penetration of a small molecular species into an initially dry polymer film is driven by a chemical 
potential gradient. It is normally accompanied by swelling and plasticization of the polymer. With 
respect to application, such an absorption-induced swelling of thin films can be problematic due to 
its related increase in film thickness, which can cause unwanted strain in a system. Recently, it has 
been shown that thin diblock copolymer films, can incorporate water molecules from a surrounding 
water vapor atmosphere, without a significant swelling of the films [1]. Thus these films will avoid 
problems related to strains which are caused by swelling. The basic key for the preparation of such 
thin films is the installation of a glassy network which has sufficient space to incorporate water 
molecules but cannot increase in size. This is achieved by a thin film preparation using an 
asymmetric diblock copolymer poly(styrene-block-N-isopropyl acrylamide) (P(S-b-NIPAM)) with a 
long PS and short PNIPAM block in combination with a solvent which is more equal in interaction 
with the both blocks as compared to water. Such films allow a maximum water storage of 17.4% 
with a total film thickness increase of only 2.5% in the first water storage- removal cycle. 

 

Figure 1: Scheme of the applied storage and removal cycle – taken from [3]. 

However, with increasing water storage-removal cycles (see figure 1), the water storage capability 
is decreasing (from 17.4% to 9.2% within 7 cycles). Thus, an interesting question arising is what 
causes such decrease in water storage capability. It was reported recently that during water storage 
the initial micro-phase separation morphology of such films undergoes a small reorganization [1]. 
After extraction of the stored water by applying vacuum, this changed micro-phase separation 
morphology is frozen-in, which implies that water storage causes an irreversible change of the 
initially installed morphology. Therefore, the structural investigation of the film was performed 
with micro-beam grazing incidence small angle X-ray scattering (μGISAXS) at the beamline BW4 
[2] at HASYLAB after each water storage and removal cycle. We used a wavelength of 0.138 nm, a 
sample to detector distance of 2.12 m, and an incident angle of 0.421°. The beam size was 30×20 
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µm2. Our model system is P(S-b-NIPAM) with a molecular weight of 23.5 k and a small 
polydispersity of 1.05. The volume fraction of PNIPAM in the copolymer is 27.6%. A 47 nm thick 
film was prepared on the pre-cleaned Si substrate with spin-coating. The film thickness was 
measured with X-ray reflectivity. 

Fig. 2 shows the detector cuts (a) and the out of plane cuts (b) of the µGISAX 2D scattering images. 
From the vertical cuts, we can find that the perpendicular structure (correlated roughness, 
highlighted by the box in figure 1a) is damped with increasing cycle number. So the initially long-
ranged correlated P(S-b-NIPAM) film becomes independent in its surface structures from the 
substrate by slight roughening. In the horizontal cuts one well pronounced peak (denoted with “II” 
in figure 2b) is present from the beginning and a second broad and shoulder-like peak (denoted with 
“I” in figure 2b) is building-up in the last cycles. The intense peak “II” is caused by the micro-phase 
separation structure and from a fit to the data we obtain a structural length of 21 nm. This value 
represents the distance between adjacent PS cylinders in the PNIPAM matrix. During cycling the 
micro-phase separation structure is not changed (neither swollen nor shrunk), which is a good 
argument to exclude residual solvent being present inside the P(S-b-NIPAM) film after a finished 
storage and removal cycle. Only the peak intensity is slightly decreasing with increasing cycle 
number thereby showing a slight disordering of the PNIPAM cylinders inside the PS matrix. During 
the cycling of the film the growth of a second and larger structure causes the shoulder-like peak. 
This larger structure resembles domains on the size of 150 nm which are seen to some extend with 
AFM on the film surface as well. Thus the disturbance of the structure yields domains inside the 
film and at the film surface which cause the main aging of the P(S-b-NIPAM) film [3]. 

 

Figure 2: GISAXS data of P(S-b-NIPAM) films before water storage (bottom curve) and after 7 water 
storage cycles (subsequently shifted 7 curves), respectively. a) Vertical cuts showing structures along the 
surface normal and b) horizontal cuts (dots) displayed together with model fits (lines) showing in-plane 

structures. Taken from [3]. 
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In the performed experimental studies the structure and mechanics in surface anchored two dimensional 
polystyrene (PS)/polyvinylmethylether (PVME) blend films [1]. It is proposed that the chains ability to 
recover their conformational entropy can be tuned by employing anchor points to the surface. Compared to 
non anchored two dimensional films [2] we were able to raise the blends Lower Critical Solution 
Temperature (LCST) above room temperature (RT) by constraining the polymer chains conformational 
entropy.  

 

 

 

 

Figure 1: Schematic representation of the thermo response of surface anchored two dimensional PS/PVME 
blend in the case of low and high grafting point densities 

 

Using high grafting point densities (Figure 1) it was observed with conventional x-ray reflectivity 
that films of 1.5 nm thickness of low roughness (σ = 0.2 nm) were formed.  

µ-beam-sized X-ray reflectivity (µ-XRR) studies were performed on low grafted homo polymer and 
blend films prepared on arrays of Nano mechanical Cantilever Sensor (NCS) elements [3,4]. Thus, 
it was ensured that the chemical linker quality was equal for all four studied film systems. 
Furthermore similar Si substrate qualities were ensured for the structural and mechanical analysis. 
µ-XRR experiments were conducted in situ at room temperature and during constant heating at 
BW4 using the available µ-focus option in a custom made sample cell. As a result it was possible to 
obtain reflectivity scans from individual coated NCS elements (width = 90 µm; length = 500 µm) 
(Figure 2 a).  

Reflectivity data was fitted with Parratt’s formalism. From obtained parameter sets presented in 
Table 1 it is observed that low constrained PVME chains do not seem to be completely miscible in 
the linker or in the miscible linker/PS phase. PVME polymer chains in homo and blend polymer 
films are dewetted at room temperature from the hydrophobic grafting layer, building a second 
lower densed layer. Second, a partly film collapse due to rearrangements in the linker layer was 
observed, which did not change the observed film characteristics essentially. In agreement with µ-
GISAXS experiments [5] a comparable high roughness of σ = 0.7 nm was obtained, which is 
attributed to dewetting of the PVME from the Linker/PS layer. All µ-XRR and µ-GISAXS results 
were comparable to mechanic analysis, which allowed a complete physical picture of the studied 
film systems [1]. 
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Figure 2: a) Geometry of a µ-XRR scan; b-d) µ-XRR scans of all grafted homopolymer and blend film 
systems. 

 
Table 1: Fit results of film thicknesses t, film densities ρ and roughness s from µ-XRR curves (Figure 2); the 
superscripted index marks the number of the modeled layer starting from the Si-surface. 
 
  Linker   Linker/PS   Linker/PVME   Linker/PS/PVME   
  RT 150°C RT 150°C RT 150°C RT 150°C 
t1 [nm] 4.1 ± 0.1 2.9 ± 0.2 4.0 ± 0.1 2.9 ± 0.2 3.4 ± 0.1 3.2 ± 0.2 3.4 ± 0.1 3.1 ± 0.2 

ρ1 [g.cm-3] 0.78 ± 0.01 0.45 ± 0.01 0.91 ± 0.01 0.47 ± 0.01 0.78 ± 0.02 0.50 ± 0.02 0.90 ± 0.02 0.46 ± 0.01 

σ1 [nm] 0.31 ± 0.02 0.24 ± 0.1 0.33 ± 0.02 0.27 ± 0.1 0.43 ± 0.15 0.31 ± 0.05 0.58 ± 0.07 0.71 ± 0.03 

         
t2 [nm]     1.7 ± 0.1  1.5 ± 0.1  

ρ2 [g.cm-3]     0.4 ± 0.1  0.4 ± 0.1  

σ2 [nm]     0.20 ± 0.10  0.15 ± 0.10  
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Materials based on complex rare-earth oxides are of high thermal, chemical and radiation resistance 
as well as of high light yield of scintillation. In case of doping with Се3+ luminescence ions these 
materials also possess fast response (see, e.g., [1]). Се3+-doped gadolinium orthosilicates (Gd2SiO5) 
and their more complex analogues are promising scintillators as well [1-3]. In the present study, the 
novel results on a complex study of Gd2SiO5 single crystals of high optical quality and purity level 
are presented. Some characteristics of Gd2SiO5 and Gd2SiO5:Ce3+ have been already studied in 
[2−3]. Special attention has been focused on the role of cation electronic excitations in the 
processes of low-temperature luminescence under the excitation of Gd2SiO5 by UV and VUV 
radiation or 5-10 keV electrons (see also [4]). Gd2SiO5 and Gd2SiO5:Ce3+(0.5 mol%) crystals were 
grown by the Czochralski technique in the Institute for Scintillation Materials (Kharkov). Polished 
sample plates of ~ 6 × 6 × 0.4 mm3 have been investigated at 8 K using synchrotron radiation of 
4−20 eV at the SUPERLUMI station of HASYLAB. The excitation spectra for several emissions 
selected through a secondary monochromator were normalized using a reference signal from a 
sodium salicylate. 

Weak narrow lines in the absorption spectrum of Gd2SiO5 correspond to 4f7 → 4f7 forbidden 
electron transitions in Gd3+ ions: 8S7/2 → 6PJ (in the region of 4 eV), 8S7/2 → 6IJ (~4,5 eV) and 
8S7/2 →6DJ (~5 eV). Significantly stronger broadband absorption at ~3.6 and 4.3 eV in 
Gd2SiO5:Ce3+ are related to the allowed 4f1 → 5d1 transitions in Ce3+ ions [4]. The 
cathodoluminescence spectrum of Gd2SiO5 contains a narrow and intense emission at ~3.95 eV and 
the emission lines at ~4.4 and ~4.85 eV with significantly lower intensity, which correspond to the 
luminescence of Gd3+ cations (6PJ → 8S7/2 , 6IJ

8 → 8S7/2 and 6DJ → 8S7/2 electron transitions, 
respectively) as well as a broadband emission with the maximum at ~2 eV (its short-wavelength 
component is peaked at ~2.6 eV) [4]. Even highly pure Gd2SiO5 samples contain some amount of 
Ce3+ impurity ions (≤ 0.01 mol%). The introduction of 0.5 mol% of Ce3+ ions into Gd2SiO5 causes 
about a three-fold decrease of Gd3+-emission (3.95 eV) as well as a decrease of the intensity of the 
∼2 eV emission tentatively ascribed to the luminescence of self-trapped excitons at oxygen ions. 
The emission of Gd3+ cation excitons at 3.95 eV is clearly detected only in the phosphorescence 
spectrum of a pure Gd2SiO5.  

Fig. 1 shows the excitation spectra for 3.95 eV (emission of Gd3+), 2.6 and 2.1 eV emissions 
measured in the region of 4-20 eV at 8 K. Gd3+-emission is efficiently excited in the regions of 4.1, 
4.45, 6.5-8.0 and 16-20 eV, while the efficiency of 2.6-eV emission of Ce3+ ions is especially high 
at 5.5-9.0 eV. Photons of 16-20 eV form hot (non-relaxed) carriers (conduction electrons or holes) 
the energy of which is sufficient for the creation of secondary electronic excitations (i.e. the 
multiplication process). In our case, hot carriers with the energy of 6.8-8.0 eV are needed for the 
excitation of oxygen ions adjacent to Gd3+. At 8 K, the efficiency of Gd3+-emission is really high in 
the region of exciting photons of 6.8-8.0 eV, when the energy transfer from oxygen excited states 
to Gd3+ ions takes place. A sharp quenching of the 3.95-eV emission occurs with temperature rise 
to 40 K (see inset in Fig. 1). An activation energy of this thermal quenching is about 0.15-0.20 eV 
and slightly depends on the exciting photon energy (7.2, 8.5 or 16.5 eV). 

A generalized diagram of electron transitions in Gd3+ ions suggested for wide-gap fluorides 
(LiGdF4, GdF3, etc) [5] and later applied to CaSO4:Gd3+ [6] has been used for the analysis of 
radiative and non-radiative transitions in a cation sublattice of Gd2SiO5 and Gd2SiO5:Ce3+. 
According to this diagram, unusually high energy of about 11 eV is needed for 4f7 → 4f65d1 
allowed transitions in the absorption of Gd3+ ions. Besides the reverse 4f65d1 → 4f7 radiative 
transitions, there also take place 4f7 → 4f7 transitions in a red spectral region, as well as radiative 
transitions from 6DJ,,6IJ and especially from 6PJ to the ground state of gadolinium (8S7/2). The 
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analysis of the data presented in Fig. 1 shows that the efficient excitation of Ce3+ impurity ions 
occurs in the region of 8S7/2 → 6IJ and 8S7/2 →6DJ electron transitions in Gd3+. The ~3.95 eV 
emission of Gd3+ is located in a deep dip of the absorption spectrum of Ce3+ centres [4]. In wide-
gap crystals, the creation of electronic excitations on the ions surrounding the impurity ions takes 
place in addition to the direct excitation of the emission of impurity ions. In Gd2SiO5, the excitation 
of oxygen ions adjacent to Gd3+ cations can be considered as an analogue of such near-impurity-
localized electronic excitations . 

Figure 1. Excitation spectra measured for 3.95 eV (curve 1 − emission of Gd3+), 2.6 (curve 2 −
emission of Ce3+ impurity ions) and 2.1 eV emissions (curve 3 − tentatively, intrinsic emission) 
measured in Gd2SiO5 at 8 K. Temperature dependence of the 3.95-eV emission of Gd3+ ions under 
the excitation of Gd2SiO5 by photons of 7.2, 8.5 or 16.5 eV. 

4 5 6 7 8 9 10 15 20

10 20 30 40 50

 

In conclusion, the efficiency of the 3.95 eV emission of Gd3+ at 8 K is especially high if an exciting 
photon of 6.8-8.0 eV causes the excitation of an oxygen ion nearby Gd3+. In our opinion, a high 
efficiency of low-temperature hopping diffusion of cation excitons causes the efficient energy 
transfer from Gd3+ to impurity ions or structural defects. This work was supported by Estonian 
Science Foundation (Grant No. 7825) and the "EC Research Infrastructure Action within the FP6 
Program through the Contract RII3-CT-2004-506008 (IA-SFS)".  
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Influence of emulsifiers on the crystallization of Solid 
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Trimyristin dispersions stabilized with Tween 80 were investigated in preliminary investigations by 
small angle x-ray scattering at the SAXS instrument of the Hahn-Meitner Institute (7T-MPW-
SAXS) installed at the synchrotron source BESSY in Berlin, Germany [1,2] as well as SAXS and 
GISAXS at beamline BW4 at HASYLAB. The data from BESSY indicate that there is one sharp 
peak at Q ~ 1.7 nm-1 for the suspensions, which corresponds to the lamellar distance of trimyristin 
in the stable ß polymorph which was found as 3.6 nm [3]. On the other hand, the data from 
beamline BW4 is shown in Figure 1. The effect of emulsifiers SPAN 80 (sorbitan monooleate), 
Lutensol TO20 (alkyl ethoxylate) and sodium dodecyl sulfate (SDS) can be clearly demonstrated. 
All dispersions were prepared with 4 % [m/m] emulsifiers.  
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Figure 1: SAXS-scattering curves of different SLN-formulations stabilized by SDS, by Lutensol 

TO20, by mixture of Tween 80+Span 80, and by mixture of Span 80+SDS, respectively.  
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Table 2: The significant peaks of the SDS stabilized SLN formulations. 
 Storage at 4-8°C 

Q [nm-1] 1.738 1.468 1.396 1.015 0.923 
l [nm] 3.615 4.280 4.501 6.190 6.807 

 Storage at 20°C 
Q [nm-1] 1.738 1.421  1.032  

l [nm] 3.615 4.422  6.087  
 

Dispersions stabilized with anionic surfactant SDS showed SAXS-curves with several peaks. The 
peaks at Q = 1.738 nm-1 and Q = 1.468 nm-1 indicated that the lipid trimyristin was partially in both 
ß- and α-modifications. The other peaks suggested the occurrence of additional crystalline solid 
states. SDS leaded to crystallization above 20°C, hence both SAXS-curves exhibited the same 
character.  

The data of SLN stabilized by Lutensol TO20 and kept at 4-8°C (Lut-KS) showed that the lipid 
trimyristin was predominant in ß-modification. The shoulder peak at Q = 1.213 nm-1 suggested the 
occurrence of additional crystalline solid states. The difference in intensity between Lut-KS and 
Lut-RT (kept at 20°C) showed that Lut-KS was a suspension and Lut-RT was an emulsion, though 
the small peak in Lut-RT indicated that there was an amount of solid triglyceride in the dispersion.  

If the mixture of Tween 80 and Span 80 was used the scattering peaks appeared at Q = 1.739 nm-1, 
which indicated that Dynasan 114 (trimyristin) is in ß-modification. No other peaks occur. Span 80 
does not influence the crystallization and solid state modification of the triglyceride. If Tween 80 is 
replaced by SDS, additionally to the peak for the ß-modification at Q = 1.714 nm-1, a second peak 
at Q = 1.222 nm-1 occurred.  

From the outcome data, we can conclude that the information from SAXS is necessary to give a 
qualified decision whether the used emulsifiers have any effect on the structure of the SLNs or not. 
This is a good basis for further studies in the next experiments. 

The authors would like to thank particular students of BHT for the experimental help and DESY for 
the beamtimes. 
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Figure 1: (a) Specular x-ray diffraction on a film of 30 nm PQ on SiOx, (b) the result of the GIXRD-RSM

investigation with the corresponding simulated peak pattern (map is divided into areas of different intensity

scale) and (c) the corresponding AFM height micrograph (colors denote the height scale of 50 nm) with a

zoomed area of 1× 1μm2 (inset).

Conjugated organic molecules bound by weak van der Waals interactions frequently exhibit poly-

morphism in crystalline growth. However, only minor differences in the intermolecular arrange-

ment of distinct crystal polymorphs can have significant impact on the intermolecular band disper-

sion and the transport properties of functional organic semiconductors like pentacene (PEN) [1]. It

was experimentally demonstrated, e.g., for 5,11-bis(triethylsilylethynyl) anthradithiophene, that the

different molecular orientation in distinct crystal polymorphs impacts the performance of organic

field effect transistors (OFETs) [2]. In the past years significant interest has been attributed to the

investigation of the structural and electronic properties of PEN derivatives like perfluoropentacene

(PFP) [3, 4, 5, 6] or 6,13-pentacenequinone (PQ) [7] since it was shown that fluorination and oxi-

dation of PEN fundamentally changes both the electronic and the crystal structure. The electronic

structure of PFP and PQ was identified to be suitable for applications as electron conducting mate-

rial in organic electronic devices [4, 7] and PQ monolayers were successfully employed to reduce

the injection barriers in OFETs [8].

It was reported that polymorphism also exists for PQ in terms of a solution-grown single crys-

tal polymorph (SCP) [9] and a substrate-induced polymorph (SIP) obtained by vacuum deposition

on the common OFET gate dielectric SiOx. Unlike the SCP, which was solved by single crystal

diffraction, for the SIP only the lattice spacing perpendicular to the substrate (d001) was determined

so far by specular x-ray diffraction (XRD) [10]. Moreover, in mixed films of PEN and PQ ob-

tained by vacuum co-deposition it was shown that exclusively the SIP is present and the SCP is

suppressed [11, 10]. We provide a full structure solution of the PQ-SIP on SiOx substrates by

combining Grazing-Incidence X-ray Diffraction Reciprocal Space Mapping (GIXRD-RSM) with

theoretical calculations to (i) experimentally determine the unit cell parameters and (ii) to establish

the molecular packing in the unit cell.

Figure 1a shows a specular XRD scan of a nominally 30 nm thick PQ film on SiOx, where the

(00l) reflections (lattice spacing d001 = 1.310 nm) of the PQ-SIP could be observed up to the eighth

order pointing toward (significantly inclined) standing molecules and only minor presence of the
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(001) (020) (020)

Single crystal phase (SCP)Substrate-induced phase (SIP)

Figure 2: One slab of the PQ-SIP as theoretically modeled into the experimentally determined unit cell (left)

and of the PQ-SCP [9] (right) both with respect to the texture planes found on SiOx.

PQ-SCP. The Bragg peaks in Fig. 1a exhibit pronounced Laue-oscillations indicating coherently

crystalline grains of a vertical extension of 36.5 ± 1.5 nm, which is slightly larger than the nom-

inal film thickness therefore demonstrating Volmer-Weber (island) growth of PQ on SiOx. This

is confirmed by the corresponding AFM micrograph (Fig. 1c) showing interconnected, terraced

islands with clear steps of h= 1.4 ± 0.2 nm. The results of the corresponding GIXRD-RSM in-

vestigation of the film is depicted in Fig. 1b. This space map is exhibits more than 30 clear re-

flections. The map can well be indexed assuming a triclinic crystal structure with the unit cell pa-

rameters a= 0.4691± 0.002 nm, b= 0.5991± 0.002 nm, c= 1.3454± 0.002 nm, α= 77.83± 0.1◦,

β= 84.13± 0.1◦ and γ= 81.11± 0.1◦. This unit cell exhibits a volume of 0.3642 nm3, whereas the

volume of the SCP unit cell is 0.7182 nm3 [9]. The derived unit cell of the SIP therefore contains

one molecule per unit cell (Z = 1) in contrast to Z = 2 in the (monoclinic) SCP polymorph. The

unit cell with Z = 1 equals parallel molecular axes and planes and no molecular herringbone ar-

rangement in the whole crystal structure, which is in contrast to the SCP exhibiting a herringbone

arrangement between the (020)-planes along the fiber-axis. Performing crystal structure calcula-

tions it was possible to model the molecular orientation of PQ in the unit cell of the SIP (calculated

and experimentally determined structure factors match well in the error margin). The derived struc-

ture is shown in Fig. 2 in comparison to the PQ bulk phase illustrating a similar, but more upright

molecular orientation with respect to the (001)-texture plane compared to the SCP (020)-texture.

The long molecular axis lyes under an angle of 65.0◦ with respect to the fiber axis.

In summary, the unit cell parameters of the unknown PQ substrate-induced polymorph were de-

termined and theoretical modeling yielded the molecular arrangement of the PQ molecules in the

unit cell. The thin film morphology explored via AFM exhibited island growth with terraced and

anisotropically shaped islands.
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Nanostructured materials based on diblock copolymers posses a vigorous importance due to the 
opportunity to exploit their microphase/nanophase separation behaviour for developing materials 
with nanostructures in bulk and films or at surfaces. Because of the immiscibility of the blocks, 
block copolymers show self-organization and are able to form regular nanostructures on nm-length 
scales. The Flory-Huggins interaction parameter χ, molar mass, polydispersity Mw/Mn as well as the 
block length ratio Mw1/Mw2 control the phase separation in general, the type of ordered phases, as 
well as their thermal behaviour. In thin films, the total molar mass was recognized as important 
parameter determining the orientation of the nanostructure relative to the film surface. 

We have continued our former investigations [1] of diblock copolymers with broad variability in the 
chemical parameters (including a variety of functional groups) with special selected samples. One 
important question is to find out relationships between bulk morphology (determined mainly by 
molecular parameters, i.e., the block ratio, molar mass, thermal history), and morphologies in thin 
films, which are strongly influenced by film parameters and film thickness related to bulk domain 
spacings. PPMA-b-PMMA diblock copolymers with predominantly hexagonally close-packed 
cylinders in the bulk and varied molar masses but identical molar composition were chosen for 
examination (synthesis via sequential living anionic polymerization in THF allows to prepare 
samples with low polydispersities Mw/Mn ~ 1.1). Thin films with thicknesses below and above the 
bulk domain spacing were prepared on Si(111) wafers by dip-coating from polymer solutions (1 or 2 wt% 
in THF) at room temperature with different withdrawal speeds. Additionally, the experimentally found 
phase behaviour of the diblock copolymers was compared with the calculated phase diagram. 

One aim of this work was to clarify and compare the phase behaviour of PPMA-b-PMMA in bulk 
and thin films (with T-SAXS at beamline A2 and GISAXS at beamline BW4). To analyse the 
morphology in confined dimensions, thin films were prepared with two different film thicknesses f, 
smaller and slightly bigger than the bulk domain spacings dbulk. In thin films with f < dbulk, lying 
(parallel) morphologies are expected to be suppressed due to confinement effects [2]. The phase 
behaviour in thin films was detected by AFM, additionally. 

The systematic search for laterally ordered and demixed morphologies is an essential pre-condition 
to obtain surfaces with regions of different properties, which can serve as template for selective 
tethering of different species (e.g., nanoparticles) [3]. In all cases, the dip-coated thin films formed 
nanostructured surfaces. Mostly, the periodicities of nanostructures in thin films were comparable to 
the periodicities obtained in bulk samples. Occasionally, the bulk structure has been partly modified 
in thin films. The arrangements of cylinders (standing or lying) were governed by the film thickness 
dependent on the molar mass of the block copolymer. Vertically standing cylinders were formed for 
film thicknesses f smaller than dbulk only in the case of the sample with higher molar mass. 
Significantly thicker films (f » d) were not suited for laterally structured surfaces with desired 
pattern in this class of diblock copolymers. An open question is whether or not the films obtained by 
dip-coating and post-annealing are in thermodynamic equilibrium. This has to be clarified in future 
investigations. 

For illustration of the results of several samples see Figure 1 and 2 [4]. 
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� Figure 1: Temperature-dependent SAXS 
curves of a 67/33 mol/mol as-synthesized 
sample - first heating/cooling run with 3 
K/min. At T ~ Tg(PMMA) an hcp cylinder 
morphology is generated (ahex = 48.4 nm). 
Reflection assignment:  1 – d(100), 2 - d(110), 3 
- d(200), 4 - d(210), 5 - d(300); 6 - d(220). The 
corresponding reflection ratios are 1 : √3 : 2 
: √7 : 3 : √12. 

� Figure 2: 2D-GISAXS pattern of a) ~25 
nm film consisting of standing PMMA 
cylinders (hcp in extended areas) (normal to 
the surface); b) ~50 nm film consisting of 
short lying bent PMMA cylinders (parallel 
to each other in limited areas). Lateral 
correlation peaks assigned by arrows. For 
illustration see pictograms. Corresponding 
AFM images are in between (phase contrast, 
1×1 µm2). 
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The crystallization of polymers in physically confined environments is a topic of increasing 
interest because of the required basic understanding of crystallization in the application of 
polymers for nanotechnologies (1). Preceding SAXS and WAXS studies (2, 3) have reported the 
influence of confinement below the μm scale on the crystallization of PET in PET/PC multilayers 
prepared by continuous layer-multiplying coextrusion and on the structure of polypropylene 
crystallized in confined PP/PS nanolayers (4). 
The present work is concerned with the influence of confinement and heating treatment in the 
lamellar structure of polypropylene in nanolayered films of polypropylene /polystyrene prepared 
by means of layer-multiplying coextrusion using SAXS and WAXS. It is the purpose of this 
study to investigate the crystal arrangement and structure of selected PP/PS nanolayered systems 
with a volume ratio of 70/30 consisting on 1024 alternating layers. The PP layer thicknesses 
were: 350, 175 and 35 nm. TEM micrographs showed a more or less regular layer structure for 
the two thicker samples (5). The sample with nominal PP thickness of 35 nm showed a layered 
structure with failures in the layered construction.  Simultaneous wide- (WAXS) and small-angle 
(SAXS) experiments were performed in the Soft Condensed Matter Beam Line A2 at HASYLAB 
(DESY, Hamburg) using a linear detector and a two-dimensional MAR CCD detector, 
respectively. Polymer films were placed with their surfaces not only parallel but also 
perpendicular to the X-ray beam. Samples of the original bulk material (isotactic PP) were also 
investigated for comparison. 
In case of polymer films placed with their surfaces perpendicular to the X-ray beam Fig.1 top), 
the thicker lamellar samples show isotropic rings, and however, the thinner lamellar samples 
presented a slight orientation in the co-extrusion direction. The SAXS maxima correspond to long 
spacings of about 15nm. 
For polymer films placed with their surfaces parallel to the X-ray beam, only the samples with 
thicknesses 350 and 175nm show SAXS patterns  (Fig.1, bottom)  with a well defined meridional 
maximum for both nanolayered materials. This maximum corresponds to the same long spacing L 
of 15nm. For samples with thinner lamellar thicknesses no SAXS maxima appeared. This result is 
consistent with the destroyed layer structure in the samples with 35nm layer thickness. In all 
cases a strong scattering streak is observed in the centre of the SAXS.  Such a continuous 
scattering originates from the interfaces between PP and PS layers.  
WAXS patterns for the thicker samples reveal the presence of the (110), (040) (130) and (111) 
reflections corresponding to the α modification. Only a nanolayered sample with a volume ratio 
PS/PS  (90/10) shows the (020) and (400) reflections of the β-modification. 
Finally, annealing experiments from RT up to 180ºC were performed in the multilayered PP/PS 
samples. For the samples with 350 and 175nm an increase of, both, long period from 15 up to 
30nm and scattering intensity with temperature (from 35 to 160º C), was observed; indicating a 
thickening and improvement of the lamellar arrangement during the annealing treatment. 
However, after melting and recrystallization a broader scattering ring is observed similar to that 
of the initial nanostructure before the heating treatment. 
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        a)                                          b)                                         c) 
 
Figure 1: SAXS patterns of PP/PS nanolayered films with PP layer thicknesses: a) 350 nm b) 175 nm, c) 

35 nm with the surface: Top): perpendicular; Bottom): parallel to the X-ray beam. 
 
 
 

In conclusion, although spatial confinement of PP below a certain critical range impedes the 
lamellar stacking parallel to the layer surfaces, stacks of oriented lamellae perpendicular to the 
layers surfaces still emerge in the highly confined systems in the coextrusion direction. 
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Cell membrane lipid bilayers are currently thought to consist of different phases and different 
domains at the nanometer scale. These domains (also known to some as ‘lipid rafts’) differ in 
composition, structure, stability, and consequently in properties and function. They selectively 
incorporate or exclude specific proteins, and thereby fulfill an important function in cell activity 
and signaling. Understanding the rules that govern membrane dynamics and structure is thus crucial 
to understanding cell biology. 

Cholesterol is an essential component in the lipid membrane composition, generally found in all 
animals. In the plasma membrane, cholesterol concentrations were reported to be as high as 25-
45%.[1] Cholesterol crystals are found in large quantities in gall stones and atherosclerosis. The 
latter is considered to be the main killer in western countries, leading to either heart failure or 
stroke. The mechanism and conditions at which these crystals are formed are unclear. We show 
here that such crystals can nucleate in lipid membranes and that the concentrations at which the 
cholesterol phase separates to form crystals are close to the actual concentrations in the plasma 
membrane.  

Grazing incidence X-ray diffraction (GIXD) has been used for studying the structure of two-
dimensional (2D) lipid monolayers at the air-water interface. Membranes are, however, composed 
of two opposing leaflets, i.e. of two juxtaposed monolayers, sandwiched between water. We have 
recently developed a method which enables GIXD measurements on single hydrated lipid bilayers, 
sandwiched between nanometric thick water layers.[2, Annual Report 2008] Using this method we 
are comparing the structure and phase behavior in bilayers to monolayers and by that study the 
interactions between the opposing leaflets of the bilayer. 

Glycerol lipids are by far the most ubundant lipids in the cell membrane. Among those the largest 
group in the plasme membrane are the phosphocholines. As a representative of this group we chose 
1,2-Dipalmitoyl-sn-Glycero-3-Phosphocholine (DPPC).[1] Bilayers composed of DPPC and 
cholesterol at different ratios were studied and compared to their corresponding monolayers. 
(Figure 1) Data shows that at cholesterol concentrations of 36%-54% a phase separation occurs in 
the bilayer samples. In the monolayer only one crystalline phase exists, which is a 
DPPC:Cholesterol mixed phase. The bilayer with the same lipid composition as in the monolayer 
has two crystalline phases: At Cholesterol=36% a DPPC:Chol mixed phase exists along with a pure 
DPPC phase. At Cholesterol=54% a similar DPPC:Chol mixed phase exists but this time along 
with a pure Cholesterol crystal one bilayer thick, which has a structure the same as that of the 
10×7.5 Å2 motif.[3] 
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Figure 1: (Left) Bragg peaks of DPPC:Cholesterol:POPC at different ratios for bilayers and their 
corresponding monolayers. Bilayers were measured using the humidity chamber and the monolayers were 

measured on a Langmuir trough. (Right) Bilayer and monolayer schemes showing that at cholesterol 
concentrations of 36%-54% the bilayer has two crystalline phases whereas in the monolayer only one mixed 
crystalline phase exists. Coherence lengths, crystal thickness and phases were all derived directly from the 

diffraction data. 

Differences in phase behaviour at high cholesterol concentration were also visible in 
Sphingomyelin:Cholesterol samples.[2] Sphingomyelin (SM) and Cholesterol are considered to be 
the main components of lipid rafts in cells. Our data show the concentration point from which 
cholesterol phase separates and form cholesterol crystals. These crystals are bilayer thick, formed 
by partial interdigitation of the exocyclic chains. Therefore, these crystals cannot be formed in 
monolayer systems and can only be studied in bilayers. The concentration point for cholesterol 
nucleation in SM:Cholesterol mixtures is 34% whereas in DPPC:Cholesterol it is 54%. We believe 
that these crystal domains act as nucleating sites for the formation of 3D cholesterol crystals, which 
in turn lead to atherosclerosis.  
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Abstract: This work examined time dependent multi-scale structures of 

crystalline-crystalline diblock copolymer with the isothermal crystallization of both 

blocks at different temperatures. The synthetic crystalline-crystalline symmetric 

diblock copolymer was studied by synchrotron simultaneous SAXS and WAXS 

investigations with various crystallization conditions. DSC measurements indicated 

that both of the blocks can crystallize and melt independently. The obtained 

synchrotron results showed that the crystallization behaviors of PLLA and PEO 

blocks can be influenced each other; however, the crystalline structures of both blocks 

can not be affected. It is believed that the final structure of the crystalline-crystalline 

block copolymer is determined by the crystallization behaviors of the blocks rather 

than the glass transition temperature of PLLA block and the theoretical micropphase 

structure of the block copolymers. 
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To identify the complex structural changes taking place within iPP during deformation, 
simultaneous small- and wide-angle X-ray scattering (SAXS/WAXS) measurements were 
performed using synchrotron radiation during in situ deformation. The material and the 
experimental set-up are described in the last annual report [1]  

From the SAXS pattern 2d-cord distribution functions (CDF’s) were calculated according to the 
procedures developed by Stribeck [2], see fig. 1. 

 

Figure 1:  Deformation of iPP at room temperature, from left to right: SAXS patterns, positive and 
negative CDF’s (always log-scale, pseudo colour) as well as a surface plot of the CDF’s (linear scale and 

for two strains also log scale) at different strains ε = 0.0, 0.125, 0.37 and 5.3 (from top). Each square of the 
pattern covers a range – 0.12 nm-1 < s1, s3 < 0.12 nm-1, each square of the 2d-CDF covers a range of           

– 100 nm < r12, r3 < 100 nm, fibre direction always vertical. The stretching (fibre) direction is indicated in 
the surface plots by arrows. 
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The initial ring in the CDF’s indicate a random distribution of the lamellae. Beyond the yield point 
the scattering intensity dramatically increases due to the appearance of cavities, which initially are 
oriented perpendicular, finally parallel to tensile direction. They are responsible for the decay of the 
CDF’s like shown in fig. 1. The change of the whole pattern to a 4-point-design indicates internal 
shear deformation. A new transversal correlation length is established at about 37 % strain due to 
the break down of the lamellar blocks to be transformed later on to fibrils. According to the low 
internal mobility the aligned chains are not able to form new crystallites. 

The behaviour of a stretches specimen at 130 °C is shown in fig. 2. 

 

Figure 2: Deformation of iPP at at 130 °C, from left to right: SAXS patterns, positive and negative CDF’s 
(always log-scale, pseudo colour) as well as a surface plot of the CDF’s (linear scale) at different strains ε = 
0.0, 0.08 and 1.3 (from top). Each square of the pattern covers a range – 0.12 nm-1 < s1, s3 < 0.12 nm-1, each 

square of the 2d-CDF covers a range of – 100 nm < r12, r3 < 100 nm, fibre direction always vertical. The 
stretching (fibre) direction is indicated in the surface plot by arrows. 

Initially again a random homogeneous distribution of the lamellae is observed. Due to the lower 
stiffness of the amorphous phase the stress transfer to the lamellae is limited. Therefore the lamellae 
break down in much less extent, crystalline blocks well arranged in tensile direction are observed. 
According to the high temperature several fibrillar oriented molecules can crystallise. On the other 
side here no void formation is observed. 

WAXS results confirm the presented discussion. The scattering results are complemented with DSC 
measurements and SEM images. They are published in detail [3]. 

The investigations enable to make a sophisticated model of the temperature dependent processes 
during plastic deformation. 

The authors are grateful to the HASYLAB for the provision of beamtime under the project 
20060086 and BW4 staff, mainly Andreas Timmann, for the support during the measurements.  
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Conducting polymers have become of great interest for versatile applications in organic electronics. 
Due to their solution processability especially multilayer devices offer great advantages in 
comparison to their inorganic competitors. In addition they allow a much less cost intensive 
fabrication procedure. For photoactive applications like in organic solar cells (OSCs) or organic 
light emitting diodes (OLEDs) an additional underlying thin film of PEDOT:PSS enhances the 
overall device performance due to its electron blocking properties. 

The PEDOT:PSS is water soluble and thin films can be obtained via spin coating from aqueous 
solution. The film thickness can be varied by changing the rotational speed and here it was chosen 
to be 100 nm. The focus of this study is put on the analysis of a plain and a structured PEDOT:PSS 
film with grazing incidence small angle x-ray scattering and its in-situ treatment with water vapor. 
The experiments were performed at the BW4 beamline at HASYLAB, DESY. The sample-
detector-distance was set to 2050 mm and a micro-focused beam with a size of 20 x 40 μm² was 
used.  

 

Figure 1: (a) 2D scattering images of plain PEDOT:PPS film without (left side) and with H2O vapor and (b) 
showing the detector cuts for both cases with the vanishing of correlated roughness oscillations for the 

water vapor case. 

An untreated thin PEDOT:PSS film spin-coated on acidic pre-cleaned silicon substrate shows 
already prominent correlated roughness oscillations in the 2D scattering image (Fig. 1a). These 
oscillations are due to a perfect matching of the thin film on the surface roughness. The correlated 
roughness effect can result in a waveguide effect in the thin film [1, 2]. For improved optical light 
absorption a rather rough surface of the PEDOT:PSS can be of interest because of the increased 
diffuse light scattering. Therefore the film is in-situ treated with water vapor coming from the top. 
As it can be seen in the scattering image the oscillations along the αf-direction are getting less 
intense. Fig. 1b shows the detector cuts for the sample with and without vapor treatment. The 
intensity in the plot was normalized and shifted along the y-axis for more clarity. It has to be 
mentioned that in reality the intensity of the film under vapor treatment is smaller by a factor of 
four in comparison to the untreated film. The vanishing of the fringes in the direction along the αf-
plane is a strong indication for a roughening film surface. This effect is reversible by multiple 
switching off and on of the water vapor and occurs almost simultaneously. 
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In addition, also structured PEDOT:PSS films can be fabricated via a new routine using solution 
casting in combination with imprinting principles. As master a well structured surface is utilized. 
The substrate is covered with the aqueous polymer solution and the imprinting master is pressed on 
this system. After the complete drying of the solvent and the lift-off of the master the inverted 
channel structure of PEDOT:PSS remains as the film. Fig. 2a shows an atomic force microscopy 
image of such imprinted channels with their perfect order. The standard conducting polymers often 
only have a poor optical absorption in the red light regime. UV/Vis spectroscopy measurements 
show a prominent absorption peak for longer wavelengths depending on the size of the channels. A 
possible reason can be the generation of surface plasmons in the grating structure as it has already 
been observed for metallic gratings. Due to the improved absorption and the increased surface area 
organic solar cells based on such structured substrates show an improved power conversion 
efficiency in comparison to ones based on thick but flat PEDOT:PSS films. 

 

Figure 2: (a) Atomic force microscopy image of PEDOT:PSS channels prepared via soft embossing based 
on a channeled master and (b) showing 2D scattering image of the channel structure before (left side) and 

after (right side) H2O vapor treatment for 20 min. 

These interesting aspects make a complete analysis of the channel structures with GISAXS 
measurements interesting. The left side of the Fig.2b shows the 2D scattering image of the channels 
aligned parallel to the X-ray beam. The palm-like structure, which is slightly visible, is due to the 
not perfect rectangular but more rounded shape of the channel corners. As it was already shown for 
the unstructured PEDOT:PSS film water vapor influences the film surface strongly. Fig. 2b shows 
on the right side the scattering image after vapor treatment for 36 min. A clear loss of the structure 
is visible and it can not be recovered by turning off the vapor. The structural changes are not 
happening simultaneously as for the plain PEDOT:PSS film. Hence a fine tuning of the channels is 
possible by changing the time of the vapor treatment [3]. 

In-situ water vapor GISAXS measurements have shown their great potential for the 
characterization of unstructured and structured conducting polymer films. For further information 
the measured data have to be analyzed in more detail. 
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Pressure sensitive adhesives (PSAs) are used for many different applications, such as for example 
adhesive foils or binding materials. A prominent class of PSA films is based on statistical 
copolymers. Typically two or three different monomers are combined into the statistical copolymer 
to balance the different requests of the PSA [1-4]. The adhesive properties of the PSA films are 
mainly determined by surface-near regions. However, detailed information about surface structures 
of such adhesive films is still missing. 

In the presented work we focus on a PSA model system of the statistical copolymer P(EHA-stat-
20MMA) consisting of two different types of monomers, ethylhexylacrylate (EHA) as a soft and 
sticky component and methylmethacrylate (MMA) which is glassy and thus playing a major role in 
controlling the mechanical properties of the PSA. The ratio between PEHA and PMMA is 80% to 
20% and the molecular weight is 248k. The PSA films were prepared with solution casting on pre-
cleaned glass substrates. From a naive point of view, one would have expected homogenous films, 
which are characterized by the average monomer composition. To investigate the surface structure, 
we performed grazing incidence small angle x-ray scattering (GISAXS) measurements. X-ray 
reflectometry (XRR) is used to confirm and extend the data containing structural information 
normal to the sample surface. 

 

Figure 1: a) Measured and b) simulated 2D GISAXS pattern of a thick P(EHA-stat-20MMA) film, c) 
selected out-of-plane cut taken at the position of the critical angle of PEHA (symbols) and corresponding fit 
(black solid line), distributions of d) center-to-center distance, e) radii and f) height of the cylinders used in 

the model describing the GISAXS data. 

The GISAXS measurements (wavelength of 1.38 Å and beamsize of 40 μm x 20 μm) were 
performed at the beamline BW4 at HASYLAB. The incident angle on the sample surface was 
selected to 0.506° and the distance between the sample and the detector was 2.004 m. A 2D-
MarCCD detector (2048 x 2048 pixels with a pixel size of 79 μm) was used to record the scattered 
x-rays from the film surface. Special care was taken to minimize degradation of the PSA film 
caused by radiation damage. The so called out-of-plane cut through the 2D-scattering pattern is 
selected in order to look for the evidence of lateral structures. It is oriented parallel to the sample 
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surface and perpendicular to the beam direction (along y-axis, see orange line in figure 1a). The 
out-of-plane cut is made at the critical angle of PEHA. 

Figure 1a shows the recorded 2D scattering image of the thick P(EHA-stat-20MMA) film. It is well 
dominated by a strong scattering in the scattering plane. The out-of-plane cut (figure 1c) clearly 
shows a shoulder which indicates the presence of a lateral structure inside the PSA film. For 
analysis the GISAXS data are simulated with the IsGISAXS [5] software (figure 1b). The model 
used in this simulation, assumes a one-dimensional paracrystal of PMMA cylinders in a depth of 
6.6 nm which is embedded in a 200 nm thick PEHA matrix. For the calculation of the form factor 
the distorted wave Born approximation (DWBA) is used. The substrate in this model has the 
calculated refractive index of P(EHA-stat-20MMA) being the bulk material as obtained with XRR. 
The distribution functions as well as the mean values (red solid line) of the fitted cylinder 
parameters are depicted in figure 1. In particular we obtain a mean center-to-center distance of 83.9 
nm (figure 1d), a mean radius of 34.4 nm (figure 1e) and a mean height of 7.17 nm (figure 1f). Due 
to the broad distribution of the characteristic lengths no Bragg-like peak is detected. 

 

Figure 2: a) Measured reflectivity of P(EHA-stat-20MMA) in Fresnel-normalized representation (symbols) 
with corresponding fit (black solid line) and b) corresponding refractive index profile. The solid lines mark 

the refractive indices of the statistical copolymer as well as of the corresponding monomers. The dashed line 
is explained in the text. 

Figure 2a shows the reflectivity curve of the described sample in the so-called Fresnel-normalized 
representation, which is beneficial for thin enrichment layers. The black solid line is the fit to the 
data performed with Parratt32. The resulting refractive index profile is depicted in figure 2b where 
z = 0 denotes the sample surface. The black solid lines are positioned at the values of the refractive 
indices of the corresponding homopolymers and at the calculated refractive index of the copolymer. 
The composition as a function of the depth z can be directly derived from the refractive index 
profile. An oscillating composition profile with two enrichment regions of PMMA is obtained. For 
values of z > 200 nm the average monomer composition is reached, which is 80:20 for the 
investigated system.  

Combining the XRR and the GISAXS observations, the modeled cylindrical structure in a depth of 
6.6 nm (see red dashed line in figure 2b) coincides with the detected PMMA enriched layer situated 
deeper in the film. 
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A detailed understanding of the ion and counterion distribution and its effect on protein-protein 
interactions are essential for many biological systems. We have performed normal SAXS studies on 
a model globular protein, bovine serum albumin (BSA) in solution as a function of protein 
concentration, ionic strength and also the nature 
of the added salt [1,2]. We recently observed a 
reentrant condensation phase behavior for 
globular proteins in the presence of multivalent 
cations [2], as shown in Figure 1. Negatively 
charged globular protein in solution undergoes 
a phase-separation upon adding trivalent 
counterions up to a critical concentration C*. 
Further increasing the salt concentration above 
a second critical value, C**, causes the 
precipitate to dissolve and the system turns 
back to a homogeneous solution [2]. Using 
normal/anomalous small-angle X-ray scattering 
(ASAXS), we have also studied the ion 
distribution around a globular model protein in 
water [3]. In particular, differences in the ion 
distribution for di- and tri-valent ions have been 
studied. In this beamtime (14th May – 22nd May 
2009), we study the protein-protein interactions 
in the re-entrant regime as well as the 
counterion distribution around charged proteins 
in solution by ASAXS. In order to improve the 
sensitivity and resolution for ASAXS 
measurements, a Pilatus 300k detector was 
borrowed from S.V. Roth's MINAXS beamline. 

BSA (purchased from Sigma Aldrich) solutions 
with concentrations of 10 to 100 mg/mL were 
prepared in ultrapure water (18.2 MΩcm). The 
variation of the protein concentration was 
needed to achieve optimum contrast conditions. 
Multivalent salt YCl3 (Sigma Aldrich) was 
added to the protein solutions to achieve final 
concentrations of 0.5 to 50 mM for Y3+.   

 
Figure 1 Phase diagram of protein solution in the 
presence of multivalent salt [4]. 
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Figure 2. Experimental SAXS data with model 
fitting for protein solution with YCl3 in Regime I. 
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The samples as well as the salt solution were filled into capillaries from Hilgenberg GmbH, 
Malsfeld, Germany. The capillaries are made of borosilicate glass with an inner diameter of 4.0 mm 
and a wall thickness of 0.05mm. The capillaries were embedded into custom made aluminium 
holders and these holders were sealed at both ends by rubber O-rings and an M6 screw. 
SAXS/ASAXS measurements were performed at the B1 beamline at HASYLAB/DESY, Hamburg, 
in the energy range of the K-absorption edges of yttrium. Five energies below the K-absorption 
edge, i.e. 16496, 16882, 16986, 17020 and 17030 eV for Y3+, were selected to separate the 
scattering of the specific ions [4]. By varying the sample-detector distance, a q range from about 
0.02 to 1.0 Å-1 was covered. The scattering of the salt solution as background was measured at the 
same energies as used for the protein-salt solutions and was subtracted from the sample scattering. 
All scattering curves have been calibrated into absolute intensity in units of cross-section per unit 
volume (cm-1).  

Figure 2 shows typical SAXS data for sample 
solutions in regime I with model fitting [2]. 
With 1.0 mM YCl3, the scattering intensity 
shows a strong correlation peak at q*= 0.05 Å-1. 
The system is characterized by a repulsive 
interaction, which can be described by DLVO 
theory [1]. The repulsion originates from the 
surface charge of proteins. Upon further 
increase to 2 mM, and 3 mM, a clear increase of 
I(q) at low q was observed, indicating the 
evolution of attractive interactions. The SAXS 
results clearly show that addition of YCl3 
induces a short-ranged attraction between 
proteins.  

For ASAXS study, the sample solutions in the 
re-entrant regime (III) are used due to the high 
salt concentration, which gives higher 
anomalous signal from the binding cations. 
Figure 3 shows a typical ASAXS result of a 
BSA solution (20 mg/ml) with 50 mM Y3+ in 
the re-entrant regime. The data were collected at 5 energies around the K-absorption edge. Indeed, 
we see a intensity shift at q values above 0.03 Å-1, but the negative values at the low q range are 
unreliable. However, we also noticed that due to the long measuring time for each cycle (up to 3 
hours), the protein solutions are not stable, slow aggregation occurs during measurement, that 
makes the separation of the pure resonance signal difficult.  
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Figure 2: ASAXS measurements of Y3+ cation 
binding to BSA molecules at the K-absorption 
edge of 17038 eV. [Y3+] = 50 mM, BSA 
concentration is 20 mg/mL. 
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A method of metallic layer deposition (Fe, Co, Ni, Cu, and Zn) by use of electrolyte containing over 
95% of acetone was invented [1]. Advantage of the method is low concentration of cations in 
electrolyte during deposition process. Dynamics of the electrodeposition depend on the composition 
of the electrolyte. It was decided to investigate influence of the electrolyte composition on local 
structure of the cations. X-ray Absorption Fine Structure (XAFS) technique is an excellent method 
for determination of nearest environment of the atom probe and may contribute to the better 
understanding of kinetics of electrodeposition process. 

The measurements were performed at E4 and A1 stations of DORIS ring at Hasylab, DESY. The 
experiment included measurements of solutions with different acetone concentration (from 0 to 99 
weight percent). The absorption spectrum of Fe(II) cation in aqueous electrolyte is shown by solid 
line in Fig. 1a, in agreement with published data [2]. At high acetone concentration the spectrum 
has remarkably different shape, although the electrolyte still contains water, see doted line in Fig. 
1a. We observe that spectrum shape in the wide range of composition is just a linear combination of 
the two components shown in Fig. 1a. Contribution of each of the component changes strongly in 
relatively narrow concentration range, see Fig. 1b. 

 
Figure 1: a) Normalized K-edge absorption spectra of Fe(II) in aqueous (solid line) and acetone (dotted line) 
based solutions; b) concentration dependence of the contribution f of the acetone rich component in the 
measured EXAFS spectra. 

Characteristic feature of the water-rich spectra is pronounced white line. Increase of the acetone 
concentration changes the ratio between water molecules and chloride ions. Large concentration of 
acetone molecules with relatively small dipolar moment cause replacement of the hydrated water to 
chlorine ions. Simulations shows that coordinated water with octahedral symmetry is replaced by 
tetrahedral coordination of chlorine ions. This explains observed decrease of the white line 
intensity. The detailed investigations are in progress.  

Acknowledgements: This work was supported by the I-20080184 EC project. 
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We have studied segregation and microstructure of poly[9,9-bis(2-ethylhexyl)-fluorene-2,7-diyl] 
(PF2/6) blended in polyethylene (PE) and aligned by tensile drawing at elevated temperature.  

X-ray diffraction data indicate that when the PF2/6 fraction is high (7-15 wt-%), PF2/6 assembles 
in uniaxially aligned crystallites (the coherence length ~32 nm) segregated within the PE matrix. 
The full-width-half-maximum of the PF2/6 crystallite orientation distribution about the stretching 
direction is ≤10°. No significant macrophase separation is observed with AFM or optical and 
fluorescence microscopy. When the PF2/6 fraction is low (0.25 wt-%), aligned PF2/6 forms a 
frozen-in nematic-like phase. The aligned polymers remain closely located but their coherence 
length is significantly decreased (~8 nm), which is attributed to the decreased crystallite size. 

This behaviour differs from that of poly(phenylene vinylene) type polymer and the difference can 
be rationalized by compatibility and entanglement arguments. See Ref. [1] for details. 

We have also studied solvent-driven assembly of poly[9,9-bis(2-ethylhexyl)fluorene]-b-poly[3-(6-
trimethylammoniumhexyl] thiophene (PF2/6-b-P3TMAHT) in tetrahydrofuran (THF), water and 
their 1:1 mixture and in subsequently prepared thin films. 

In solution PF2/6-b-P3TMAHT forms large (>100 nm) aggregates which undergo a transition from 
objects with surface fractal interface (THF) to ones with a significant planar component due to the 
presence of the 2-dimensional merged ribbon-like aggregates or fused walls of the observed 
vesicular aggregates [THF-water (1:1)]. In THF-water and water the blocks are loosely segregated 
into PF2/6 and P3TMAHT rich domains, with PF2/6 dominating the aggregate interior. Depending 
on solvent, the spun films contain either aggregates with a crystalline interior (THF) or large 200 
nm–2 µm vesicular aggregates embedded in a featureless matrix (THF-water and water). Structural 
variations are concomitant with distinctive solvatochromic changes in the photophysical properties 
including a color change from deep red (THF) to pale orange (THF-water and water), a decrease in 
fluorescence quantum yield with increasing water content, and a shift from photoluminescence of 
individual PF2/6 blocks (THF) to efficient PF2/6→P3TMAHT energy transfer (THF-water and 
water).  

Chemical structure of PF2/6-b-P3TMAHT and these kinds of effects are illustrated in Fig. 1. See 
Ref. [2] for details. 
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Figure 1: GISAXS (left) and GIXRD patterns (right) of PF2/6-b-P3TMAHT films prepared from THF, water 
or their 1:1 mixture. See Ref. [2] for details. 
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gel with rheo-SAXS 
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Tri-block polymer are useful as biocompatible materials for biomedical applications. The most and 
widely studied ampiphilic block copolymers consist of a poly-propylene oxide (PPO) center block 
and two identical poly-ethylene oxide (PEO) end blocks. These polymers have a high solubility in 
water at low temperatures and are commercially available by their BASF trade name Pluoronics.  
With these triblock copolymers, it is possible to make concentrated solutions at low temperatures, 
when the polymers form coil-like conformations. As the temperatures increases the middle PPO 
block becomes increasingly hydrophobic, which drives the formation of micelles that can be 
spherical, cylindrical or wormlike. By varying the gelator composition, molar mass as well as the 
gelator concentration, the visco-elastic properties can be tuned for the different applications. One of 
the advantages is that the gelation process can be easily repeated just by changing the temperature, 
which makes them suitable for drug-release delivery systems.  

Figure 1: Averaged scattering intensities of P123 in water at different temperatures of 28 wt% gelator 
concentration (A) and with 42wt % of gelator (B). 

By using small angle X-ray scattering in combination with a rheometer the structure can be 
monitored at the same time with the rheological properties. Starting at low temperature and slowly 
increasing the temperature the gelation process, and hence how the network is built (see fig 1), can 
be monitored. We are interested in studying the influence of the gelator concentration on the net 
structure and in the following step we will add a magnetic content via a magnetic liquid and 
compare the gelation process with and without magnetic content. The structure and rheology of the 
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net gel have been studied before [1, 2], therefore the phase diagram of the Pluoronics P123, we 
used in this experiment, is well known [2]. Compared to the other study we are able to measure 
vertically through the plate-plate rheometer set-up. This has the advantage that the sample can be 
measured perpendicular to the applied shear deformation.  

In this experiment, the X-ray beam with a wavelength of 9.85 keV and was reflected at a diamond 
crystal [004], which reflects the beam in a 90° angle in vertical position. Afterwards the X-ray 
beam goes through the plate-plate geometry of the rheometer (purchased and rebuild by Haake). 
The plate-plate geometery was placed in a chamber with a Peltier system installed on the top of the 
upper plate, which can control the temperature from 2 to 65 °C with a nitrogen flow. A Pilatus 
detector was used and placed 1.16 m above the sample. 

Figure 2: Scattering image of P123 in water with 42wt % of gelator at different temperatures. 

Here, we present primarily results of a hydrogel of about 28 and 42 wt% Pluorincs P123 (fig. 1), 
which was measured at different temperatures from 4 °C till 60 °C. Above 33 wt% the hydrogel 
forms crystalline structure. Therefore in case of 28 wt% P123 almost no change in the structure is 
visible (fig 1A), whereas a light shift in the peaks is visible at 42 wt% P123. This shift of the first 
maximum indicates the change in the size of the micelles (fig. 1B) and above 55 °C a phase 
transition of the gel. The difference in the micelle formation is also clearly visible on the complete 
SAXS picture, where the reflex are clearly visible at 30 °C and 50 °C, but vanishes again at higher 
temperatures (fig. 2).   
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Structures of monodisperse polystyrene nanospheres 
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The new developed combination of the surface sensitive scattering method grazing incidence small 
angle x-ray scattering (GISAXS) and imaging ellipsometry offers a wide range of possibilities for 
static and kinetic measurements [1]. With the use of a mircosized x-ray beam a local structure 
information is obtained and subsequent stepwise movement of the sample perpendicular to the 
sample surface allows for the investigation of structural gradients in the sample. With scanning 
µGISAXS the structure of a dried droplet of monodisperse polystyrene nanosphere aqueous 
dispersion is probed. The rough substrate is established by dewetting of a thin film of the diblock 
copolymer poly(styrene-b-methyl methacrylate).  

 

Figure 1: Dried colloidal drop of nanosphere dispersion a Sketch of the top view of the dried drop. The 
yellow background represents the dewetted polymer structure. The circularly shaped object has a 

pronounced rim (pictured in brown). The arrow marks the size and direction of the incident x-ray beam. The 
box in dashed lines indicates the section pictured in b. b optical micrograph (image composed using two 

foci); 1 mm x 0.75 mm c measurements of the ellipsometric ∆ and Ψ map of the dewetted polymer structure 
obtained with imaging ellipsometry and resulting thickness map. 

The modified imaging ellipsometer SPEM, a single wavelength (532 nm) instrument, of Nanofilm 
Technologie GmbH was installed at the beamline BW4 at HASYLAB (DESY, Hamburg). The 
concept of the combined instrument is that the sample is placed horizontally (xy plane) on the 
alignment stage of the ellipsometer. After ellipsometric alignment and measurement with a lateral 
resolution of 1 µm the desired incidence angle for the x-ray beam is set by tilting the whole 
ellipsometer. The orientation of the sample with respect to the laser beam is not affected by this 
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procedure. In the performed experiment, the sample-to-detector distance was set to 2.089 m and a 
beamsize of 24 µm x 42 µm focused on the sample position was used. First a single µGISAXS 
measurement on the dried colloidal drop was performed with an incident angle of 0.510°. The x-ray 
beam was set to hit the circular shaped object in the centre. The footprint of the beam was smaller 
than the diameter of the inner part of the droplet as sketched in figure 1a. The 2d detector pattern 
obtained results from a superposition of the GISAXS with an additional SAXS signal. The SAXS 
signal is centred around the direct beam (including refraction effects). Its strong presence is due to 
the x-ray beam's transmission through the pronounced and high rim of the colloidal drop. In normal 
thin film samples such an additional SAXS signal is not visible in the GISAXS geometry. To 
suppress the SAXS contribution of the rim and to get structural information about the inner part of 
the colloidal droplet the rim was then removed in beam direction. With this modified sample a 
scanning GISAXS measurement was performed with a step size of 500 µm covering 4 mm. At each 
position of this GISAXS scan conducted with the ellipsometer stage, the ellipsometric alignment 
was checked and ∆ and Ψ maps were recorded. The goniometer positions were corrected if 
necessary to ensure the incident angle of 0.51° selected for the GISAXS experiment.  

 

Figure 2: Scanning experiment a ∆ map recorded with ellipsometer at positions from the center,  
b corresponding 2d GISAXS patterns. 

In figure 2 the scanning experiment is illustrated with the ∆ maps (figure 2a) and the corresponding 
2d GISAXS scattering patterns (figure 2b) for every second step beginning in the center outward to 
the rim and further to the outside of the colloidal drop. Oscillations in the bright and dark areas in 
the ∆ map indicate variations in height. The ∆ maps in the central part, (denoted with position 0 
mm, 1 mm and 2 mm, respectively in figure 2a) show the cracks of the nanosphere layer. The 
surface of the rim results in a speckle pattern (denoted with position 3 mm in figure 2a), whereas 
outside the droplet the island pattern of the dewetted diblock polymer is observable (denoted with 
position 4 mm in figure 2a). In the 2d scattering pattern for the position in the center of the drop 
(denoted with position 0 mm in figure 2b) there is a clear reduction of the SAXS contribution to the 
overall scattering signal. As the rim perpendicular to the beam direction has been removed a clearer 
GISAXS pattern of the central part of the drop is achieved.  

In the position where the x-ray beam hits the rim (marked with 3 mm in figure 2b) the scattering 
pattern is dominated by the SAXS signal as ring shaped intensity is centered around the direct and 
the specular beam. At the outside of the colloidal drop the scattering signal is equal to the GISAXS 
pattern of the dewetted polymer on silicon substrate as measured individually with a control sample 
without deposited colloidal particles (marked with 4 mm in figure 2b). 
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The reinforcement of thermoplastic materials with derivatives of the wood represents an alternative 
to the inorganic fillers. The increased interest in the use of wood flour as filler in thermoplastics is 
due to the many advantages as low density, high strength and stiffness, and cause a smaller 
ecological impact compared to the mineral fillers [1]. The incorporation of wood flour into 
polypropylene has remarkably improved the mechanical properties of the resulting composites [2]. 
The wood flour can have an important influence on the crystallization behavior of the polymer 
matrix, so the study of crystallization and melting phenomena is these composites is of great 
interest. 

In this work, several particles sizes of wood flour (WF) are introduced into a isotactic 
polypropylene (iPP) by melt-mixing using a twin screw extruder (DSE 20 Brabender). The iPP was 
supplied by Repsol - YPF (Madrid, Spain) and the wood flour were supplied by Maderas del 
Noroeste group (A Coruña, Spain). The extrudate pellets were injected molded using a Battenfeld 
Plus 350. The compositions of the composites studied were 20% of wood flour with particle size 
minor of 100, 200, 300 and 400 µm. 

The aim of this work was to investigate the crystallization and melting processes of isotactic 
polypropylene/woodflour composites as a function of the thermal history and the presence of a 
different particle size distribution of the filler by time resolved SAXS and WAXS experiments 
using synchrotron radiation. 

In order to obtain information on the differences in the crystalline transformations of neat isotactic 
popypropylene and isotactic polypropylene in the composites, the dynamic crystallization of 
iPP/WF composites from the melt was investigated by DSC and time-resolved synchrotron X-ray 
diffraction. WAXS and SAXS were performed at A2 beam line at Hasylab. The scattering was 
detected with a MarCCD detector. The sample to detector distance of SAXS was 2880 mm and for 
WAXS was 135 mm. The maximum of the Lorentz corrected SAXS diffractograms was used to 
calculate the long period (L = 1/smax) as a function of the temperature. L represents the sum of the 
average thickness of the crystal lamellae and of the interlamellar amorphous regions.  

The development of a polymorphic transition during the crystallization process was monitored by 
SAXS/WAXS. The analysis of the X-ray diffractograms obtained directly from the injected molded 
samples clearly shows the main crystalline reflections at 2θ = 14.2º, 17.0º, 18.8º, 21.2º, and 22.0º, 
respectively, for the (110), (040), (130), (111), and (041) planes associated to the α or monoclinic 
modification of iPP. Moreover, the crystalline reflection at 2θ = 16.2º, associated with the plane 
(300) of trigonal PP was observed. The melting of the β crystals was observed at 150ºC and at 160 
ºC (figure 1).  The figure 2 shows the WAXS diffractograms from the B200 sample obtained during 
the heating. The second scan of this sample indicated that the β polymorph disappear from the 
diffractogram. Therefore, it can be concluded that the β crystals were formed during rapid cooling 
in the molded process (figure 3) [3]. The lamellar morphology of the composites by SAXS was 
determined. It was observed that in the 80iPP/20WF (200 µm) and 80iPP/20WF (no sieved) 
samples experiment crystalline reorganization and perfection of the α-crystals during heating, 
which leads to the increase of the long period (L) until melting, as shown in the figure 4. 
  

-457-



 

 

 

 

 

 

 

 

Acknowledgements. The European Commission for the synchrotron project at the Soft Condensed Matter A2 beamline 

at HASYLAB (DESY-Hamburg, I-20080038 EC). The authors would like to thank Dr. S. Funari for his technical 

assistance in the synchrotron experiments. 

References 

 

[1] H. Dalaväg, C. Klason, H.E. Strömvall, Int. J. Polym. Mater. 11,9 (1985). 

[2] R. Bouza, M.J. Abad, L. Barral, M. Ladra, Polym. Eng. Sci. 49, 324 (2009). 

[3] R. Bouza, C. Marco, Z. Martín, M. A. Gómez, G. Ellis, L. Barral, J. Appl. Polym. Sci. 102, 6028 

(2006). 

40 ºC 

  

130 ºC 

  

190 ºC 

  

Figure 1 WAXS diffractograms of iPP/WF 

80/20 containing filler particle size of 200 µm 

recorded on heating at 5ºC/min. First scan. 

Figure 2 WAXS diffractograms of iPP/WF 

80/20 containing filler particle size of 200 µm 

recorded on heating at 5ºC/min. Second scan. 

Figure 3 Two dimensional diffraction pattern 
from the PP and 80iPP/20WF (no sieved) samples. 

Figure 4 Long period of 80iPP/20WF (200 

µm) and 80iPP/20WF (no sieved) obtained 

during second heating scans at 5 ºC/min. 
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The outstanding physical properties of CNTs make them attractive for use in polymer 
nanocomposites. However, to transfer their properties to the polymer matrix, one essential and 
difficult step involves deagglomeration of the nanotubes and their fine dispersion within the matrix 
[1]. Chemical modification of CNTs is an elegant way to tune their surface properties and improve 
the compatibility [2]. Moreover, grafting the polymers to the CNTs’ framework proved to be more 
attractive compared to the modification with small molecules or chemical groups, since long 
polymer chains may help to destroy the bundles of CNTs and prevent their subsequent self-
agglomeration. 

To form stable polymer grafts from vinyl monomers, we use self-initiated photografting and 
photopolymerization (SIPGP) [3], which, to our knowledge, has not been reported yet for the 
modification of CNTs. The easy and efficient procedure is found to be successful for the 
functionalization of single- (SW) and multi-walled (MW) CNTs with polystyrene (SWPS, MWPS) 
and poly(4-vinylpyridine). 

Using Raman spectroscopy, we found that the modification results in a high conversion of sp2-
hybridized carbons into the sp3 state, as estimated from the increase of intensity of the disorder 
mode (D-band) relative to the G-band (which is due to the graphitic structure) (fig.1). This means 
the polymers are covalently bound to the CNT framework and not just physically adsorbed. The 
longer the polymerization time, the higher the grafting density and length of the polymer grafts, 
which is confirmed by Raman spectroscopy and thermo-gravimetric analysis (fig.1, table 1). 
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Figure 1: Raman spectroscopy of the native SW (solid line) and SWPS CNTs after 1 day (dashed line) and 3 
days (dots) of polymerization. 

Atomic force microscopy (AFM) was used for the morphological analysis of the native and 
modified CNTs, drop-cast onto mica from dilute suspensions of the CNTs in toluene. We observe 
an efficient deagglomeration of the CNTs after the modification, while their length is preserved, 
which means that the modification procedure is efficient and does not destroy the CNTs (fig.2). 

 1 day polym. 3 days polym. 
SWPS 9 15 
MWPS 16 30 

Table 1: Thermo-gravimetric weight loss (%) of the 
CNTs modified with PS. 
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Figure 2: AFM images of MW CNTs: native (a) and modified with PS after 1 day of polymerization (b) and 

3 days of polymerization (c). 

To study the effect of modification on the dimensions and agglomeration behavior of the CNTs, 
small-angle X-ray scattering (SAXS) experiments were carried out at beamline A2. We used an 
incident X-ray wavelength of 1.5 Å and sample-to-detector distance 1.3 m. Dispersions of CNTs 
(SW, MW, SWPS, MWPS) in toluene with CNT weight concentration 0.1% were prepared by 
ultrasonication during 15 min right before SAXS measurements. The samples were loaded into 
glass capillaries with 1 mm path length, and SAXS data were collected at room temperature with a 
measuring time of 420 s for each sample. Raw data were corrected for dark current and background 
scattering (empty cell and solvent). Based on AFM images, we expected to observe the signatures 
of rod-like scatterers (on the length scales of the persistence length of the CNTs), i.e. scattering 
curves with a slope α ≅ 1. However, the measured scattering curves rather display slopes in the 
range of -2..-3, even for modified CNTs (fig.3). These slopes can be attributed to the scattering of 
fractal structures formed by agglomerated CNTs. Similar observations have been reported for 
dispersions of differently modified CNTs in liquids [1,4] The reason for this unexpected behaviour 
may be the low stability of the dispersion of the CNTs in toluene at the concentrations used in the 
experiment (0.1 wt.%) even after modification, i.e. the CNTs agglomerate during the SAXS 
measurement. However, the scattered intensities at low q-values (up to 0.4 nm-1) decrease with 
increasing amount of grafted polymer, especially in the case of SW CNTs. This fact implies a 
decrease of the size of the agglomerates after the modification. 

 

 

 

 

 

 

 

Figure 3: SAXS on native and (a) and modified (b) CNTs dispersed in toluene. 

The project has been funded by the International Graduate School of Science and Engeneering 
(IGSSE), TU München. 
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Total scattering experiments of some simple molecular
crystals
L. Temleitner

Research Institute for Solid State Physics and Optics of the Hungarian Academy of Sciences,
Konkoly-Thege út 29-33, 1121, Hungary

Phase transitions and phase stabilities under different thermodynamical conditions are important
for both physics and material science. To understand them deeply it is necessary to follow with
attention the local, intermediate and long range ordering. A total scattering experiment is able to
provide this kind of information[1].
Molecular crystalline materials are rich in crystalline phases (under different thermodynamical con-
ditions). Within these materials — beyond the average structure — local ordering (and its changes
within the same crystal phase) can play a significant role during transitions from one phase to
another.
All reported measurements have been performed at the BW5 high-energy X-ray diffractometer.
The incident energy of the x-ray beam was 119.9 keV (0.103 Å in wavelength) provided diffraction
pattern between 0.53 and 15.35 Å−1. During the available time a standard displex used, which
provided good thermodynamical conditions for room and low temperature measurements.
Following the previous plan, which introduced in the proposal, C2Cl6 at room temperature, CHI3 at
235 K, 265K, 291 K and CCl4 at 213 K, 235 K, 245 K temperatures have been measured. During
the experiments, quartz capillaries have been used.
In the case of carbon-tetrachloride, the sealing of the capillary was necessary before the measure-
ment due to the applied vacuum in the displex. This was successful in the case of 1 mm diameter
capillary, but was not in the commonly used 2 mm ones. So, the changes of the phases were ob-
served, but the result was not enough to perform total scattering analysis due to low signal/noise
ratio and the intense Bragg-peaks of the aluminium (thermal shield of the displex). In the future,
this kind of experiment should be performed with larger diameter capillaries and the material of it
should be obtained lower melting point than the quartz’s.
The above reported problem did not appeared in the case of iodoform, which is also crystalline at
room temperature. The lowest temperature measurement provided reliable data, but higher ones
are suffered from radiation damage (black colored spot appeared on the sample, where beam hit).
The average crystal structure analysis have been carried out, because of it provides useful initial pa-
rameters for total scattering structural models. The refined crystal structure is hexagonal (P63/m),
according to our previous finding by neutron diffraction at room temperature. The lattice parame-
ters are a=6.7583 Å, c=7.4704 Å.
Simulations on the measured diffraction patterns are in progress, the results will be published with
neutron diffraction measurements together.
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Figure 1: Rietveld fit of CDI3 at 235K for the raw measured data vs. Q
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Structuring Process in Polymeric Systems 

Y. Men*, Z. Jiang, X. Chen, J. Zhang, Y. Sun, Z. Yi, R. Gehrke1, S. Roth1 and S. Funari1 

State Key Laboratory of Polymer Physics and Chemistry, Changchun Institute of Applied Chemistry, Chinese Academy 
of Sciences, Renmin Street 5625, 130022, Changchun, China 

 1HASYLAB am DESY, Notkestrasse 85, 22607 Hamburg, Germany 

Project II-20080190 is a long-term project at HASYLAB dealing with structuring process in 
polymeric systems – principally polymeric latex systems and semicrystalline polymers. Beamtime 
at BW4 and A2 were allocated in year 2009. At BW4, we have used the advantage of the long 
camera length to study the structural evolution in polymeric latex systems (of particle size typically 
over 100 nm) including in-situ latex film formation experiments under controlled temperature and 
humidity conditions, and deformation of the resulting soft polymeric latex colloidal crystals with 
fiber orientation. At A2, we carried out small- and wide-angle X-ray scattering experiments during 
the phase transition of a polybutene-1 sample and deformation of high-density polyethylenes. In 
this report, we will selectively summarize main results we have achieved during last year. Part of 
these results have been published or submitted for publication in journals of related field [1]. 

- Polymeric latex systems: 

Drying a latex dispersion normally yields ordered array of polymeric latex particles with face 
centred cubic (fcc) crystalline structure. The drying process of latex may be divided roughly into 
three stages: evaporation and particle ordering, particle deformation, and polymer chain diffusion. 
Numerous factors affect the drying process of latex dispersion, such as solvent, environment etc.  

1. Sample cell with controlled temperature and humidity and first in-situ SAXS results 

We have constructed a sample cell dedicated to the in-situ film formation experiments of polymeric 
latex systems (figure 1). Such sample cell is always desired since parameters like temperature and 
humidity are very important for both industry applications of the materials and basic scientific 
understanding of the underlying drying/crystallization mechanism during film formation of latexes. 
The cell works perfectly at BW4, we are able to control the temperature in the range of 15 to 70 oC 
and relative humidity 20 to 80 oC. In-situ experiments have been performed with a typical latex 
system of a styrene/n-butyl acrylate copolymer (Tg = 20 °C) [2]. The interplanar distance of (111) 
and (220) plane plotted as a function of the drying time are presented in Figure 2. As shown in 
Figure 2a, when the relative humidity was higher, the changes of interplanar distance on the drying 
time can be divided into three regions. Whereas, when the droplet was dried at lower relative 
humidity, it is indicated that the drying process of latex droplet can be divided into two stages. This 
phenomenon might be explained as follows: The evaporation of water of latex droplet is so fast that 
the measurement cannot follow the initial stage of drying at lower relative humidity. 

2. Deformation investigations on soft colloidal crystalline fiber 

The deformation mechanism of styrene/n-butyl acrylate copolymer latex films with fiber symmetric 
crystalline structure subjected to uniaxial stretching was studied using SAXS at BW4. The fibers 
were drawn at angles of 0, 35, and 55° with respect to the fiber axis. The extent of deviation of 
affinity of microscopic deformation with respect to macroscopic deformation is different in the 
three cases. This peculiar behavior can be attributed to the relative orientation of the (111) plane of 
the crystals, the plane of densest packing, with respect to the stretching direction in each case. 
When the stretching direction coincides with the crystallographic (111) plane, which is the case for 
stretching directions of 0 and 55° with respect to the fiber axis, the microscopic deformation 
deviates less from affine behavior than when the stretching direction is arbitrarily oriented with 
respect to the crystallographic (111) plan. The dependence of tilting angle and d-spacing of selected 
(111) or (220) planes from the microscopic crystalline draw ratio are fully in accordance with 
theoretical considerations. 
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- Phase transitions during heating of a form III polybutene-1 

The phase transformation of form III isotactic poly(1-butene) was investigated as a function of 
temperature using in-situ S/WAXS technique at A2. The polymer was isothermally precipitated 
from a dilute solution in iso-amyl acetate. As was shown in figure 3, the results confirmed that the 
polymorphic transition of form III was strongly dependent on temperature. The phase 
transformation from form III to form I′ started at a temperature of ca. 80 oC. This was accompanied 
by the presence of two distinctly different lamellar periodicities arising from form III and I′ 
crystals, respectively. The coexistence of form III and I′ crystals can persist up to 103 oC, followed 
by melting and recrystallizing into form II crystals. Finally, the reflections resulting from form II 
crystals disappeared at 118 oC. In addition, the mechanism which dominates the form III-to-form I′ 
transformation is a melting and recrystallization process, as revealed by the temperature 
dependence of long spacing during heating (figure 3). 

 

 

Figure 1: Photograph of the lab-made sample cell 
with controlled temperature and humidity 
attached to the beamline at BW4. Relative 
humidity and temperature reach equilibrium 
within few tens of minutes (data not shown).  

Figure 2. Interplanar distance of (111) and (220) 
plane plotted as a function of drying time. The 
data of  (left) and (right) were taken at a relative 
humidity of 74.6±3% and 30±5%, respectively. 

 

Figure 3: Selected WAXS (left) data obtained during heating up a polybutene-1 sample with form III. Long 
spacing values (right) were obtained based on a correlation function analysis of the SAXS data (not shown).   
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Influence of solvent on the structure and LCST of 
P(S-b-MDEGA-b-S) tri-block polymer films 

Q. Zhong, J. Adelsberger, M. Niedermeier, A. Golosova, A.M. Bivigou-Koumba1, A. 
Laschewsky1, S.S. Funari2, C.M. Papadakis, and P. Müller-Buschbaum 

TU München, Physik Department LS E13, James-Franck-Str.1, 85747 Garching, Germany 
1Potsdam Universität, Inst. Chemie, Karl-Liebknecht-Str. 24-25, 14476 Potsdam-Golm, Germany 

2Deutsches Elektronen Synchrotron DESY, Notkestr. 85, 22603 Hamburg, Germany 

Hydrogels are three-dimensional networks of polymer chains that swell, but do not dissolve in 
water. With an external stimulus such as temperature or PH, these hydrogels will switch 
between a collapsed and an extended chain conformation. The collapse transition of polymers 
with a lower critical solution temperature (LCST) behavior exhibits interesting properties 
which have a large variety of applications, as drug delivery system [1], valves to control 
liquid transfer [2]. Recently a very promising new thermo-responsive homopolymer poly-
(monomethoxy diethyleneglycol acrylate) (PMDEGA) was successfully synthesized, which 
exhibits a higher LCST as compared to the frequently investigated thermoresponsive polymer 
poly(N-isopropylacrylamide) (PNIPAM). PNIPAM has a LCST (at around 32oC) closed to 
the room temperature, which will limit its use in some tropical countries. In contrast 
PMDEGA has a higher LCST as compared to PNIPAM, which could be an interesting 
alternative to the use of PNIPAM. In order to create an internal ordering in the thin hydrogel 
films of PMDEGA, the homopolymer is replaced by a PMDEGA based tri-block copolymer 
with polystyrene as end groups, denoted P(S-b-MDEGA-b-S).  

It has been known for years that block copolymers can form micelles or aggregates in a 
selective solvent for one of the blocks as a result of the association of the insoluble blocks. 
However, most of these studies were focused on polymer solutions. In contrast, our 
investigation focuses on films. We selected five different solvents (THF, ethanol, 1,4-dioxane, 
toluene and water) and films were prepared by solution casting on pre-cleaned Kapton foils. 
In contrast to conventional Si substrates, Kapton foils are flexible substrates and offer the 
possibility to perform transmission experiments. Aim of the investigation is to understand the 
influence of the used solvent on the installed morphology of the copolymer containing PS and 
PMDEGA blocks and to determine the influence on the LCST of the tri-block copolymer 
films.  

Transmission SAXS was performed at the beamline A2 at HASYLAB (DESY). The used 
wavelength was 0.15 nm and the sample-detector distance was 2.5 m. The polymer films were 
placed in a small sample cell which was positioned vertically with respect to the direction of 
the x-ray beam. During the measurement, 0.25 mL D2O was injected into the sample cell and 
the cell was heated from 30oC to 50oC in steps of 2oC. At every temperature, the sample 
equilibrated during 10 minutes waiting time followed by 10 minutes counting time to probe 
the SAXS signal. Due to the small temperature steps 10 minutes equilibration time turned out 
to be sufficient. 

As an example, figure 1 shows the 2D scattering patterns of a P(S-b-MDEGA-b-S) film which 
was prepared in THF with the temperature increasing from 30oC to 50oC. As expected, all 
scattering pattern are isotropic. The scattering patterns change strongly in the temperature 
series due to passing the LCST. The structure of the film changes due to the collapse pf 
PMDEGA chains above LCST. Thus the observed behaviour is very typical for a 
temperature-sensitive hydrogel.  

To get more insights, the 2d SAXS data are radialy averaged. Figure 2 shows the comparison 
of SAXS data of films prepared out of THF (left) and water (right). The phase behavior of 
these two films shows quite some differences. Because water is a good solvent for PMDEGA, 
but a poor one for PS, the insoluble PS chains will form the core of the micelles in the water 
solution, while PMDEGA chains will form the shell of the micelles. In the solution casting of 
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the aqueous P(S-b-MDEGA-b-S) solution, the structure of the micelles may is frozen-in 
during the film formation by water evaporation. In contrast, THF is a good solvent for both 
blocks, PS and PMDEGA chains. As a consequence, no micelle structure is formed. In THF 
solvent, the LCST region is much broader than in water. In the SAXS data, it can be seen that 
for both solvents, below LCST the correlation peaks are shifted towards larger values of the 
scattering vector components qz. 

In conclusion, P(S-b-MDEGA-b-S) films prepared out of five different solvents by solution 
casting were examined with transmission SAXS. For all samples the LCST of the tri-block 
polymer films is obtained. It turns out that the use of a block-selective solvent will influence 
the LCST of the film due to the formation of a micelle structure inside the film. 

 

Figure 1: 2D scattering patterns of a P(S-b-MDEGA-b-S) film which is prepared out of THF solvent 
with the temperature increasing from 30oC to 50oC (passing LCST).  
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Figure 2: SAXS data of films prepared out of THF (left) and water (right) for temperatures ranging 

from 30oC to 50oC.  
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Airbrush-spray deposition of colloidal polymer film
investigated by GISAXS and AFM

A. Buffet1, G. Herzog1, M. Schwartzkopf1, M.M. Abul Kashem1, J. Perlich1, V. Koerstgens2, P.
Mueller Buschbaum2, R. Gehrke1, and S.V. Roth1
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Germany

Recently, the novel technique of airbrush-spray depositionwas used in the fabrication of organic-
based multilayer devices such as solar cells [1]. This technique allows for performing rapid deposi-
tion of organic-based nanostructured layers showing high homogeneity over a large area and is thus
of great interest in industrial applications such as sensorcoating [2], optical sensor [3] or magnetic
recording [4, 5, 6] technology.

We used Grazing Incidence Small Angle X-ray Scattering (GISAXS [7]) and Atomic Force Mi-
croscopy (AFM) to investigate the structure of PS colloidalnanoparticle (nominal⊘ 96nm) films
deposited on flat Si-substrates by using a commercial airbrush-spray system. We investigated the
film nanostructure formation as a function of deposited colloidal particles, solvent and number of
spray iterations.
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Figure 1: (a) GISAXS measurement (BW4 @ HASYLAB,λ = 0.138 nm,αi = 0.4o, DSD = 2 m). The
side streaks indicate a strong lateral ordering. (b) and (c) AFM topographic images (NTEGRA probe Nano-
Laboratory, semi-contact mode).

The GISAXS experiments were performed at the beamline BW4 [8] of the DORIS III storage
ring at HASYLAB (DESY, Hamburg) The beam size was reduced to 20 µm x 60µm (vertical x
horizontal) by using an assembly of parabolic beryllium compound refractive lenses. We used a
wavelengthλ = 0.138 nm, an incident angleαi = 0.4o and a sample-to-detector distanceDSD = 2 m.
Analysis of the GISAXS data shows a strong dependence of the film homogeneity on the number
of spray iterations (drying time between two spray coatingsof the order of a few seconds) and the
strong influence of the solvent choice on the film lateral ordering (Fig. 1a). The presence of Bragg
peaks indicates a very good crystalline order. The side maxima reveal a typical lateral length scale
of (94±4) nm which correponds to the nominal diameter of the PS colloids.

AFM measurements were performed in the semi-contact mode ((NTEGRA probe Nano-Laboratory).
The AFM images reveal hexagonally close-packing of the colloids (Fig. 1c) and confirm the very
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good crystalline order. Typical lateral dimension of the colloids, as deduced from the AFM data, is
(90±10) nm. We see that line-type structures can be installed (Fig. 1b) by stacking of the hexago-
nally closed-packed colloids over up to 3 layers (total height of about 160 nm).

This novel deposition technique opens a promising route to generate laterally structured templates
and scaffolds for the fabrication of ultrahigh-density media.
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nucleation in a charged colloidal silica suspension 
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Throughout the past few years the problem of solidification of a melt via nucleation has been 
addressed in colloidal systems mainly suspended in a fluid, which are known to undergo 
crystallization and have received considerably interest outside the colloid community. Despite the 
great deal of work, the microscopic details of the crystallization process are still not completely 
understood. A very little is known about the influence of impurities or substrates on the kinetics of 
crystallization from the melt. Here as recently has been shown for homogeneous nucleation, 
colloidal systems can also help to get a deeper insight into the heterogeneous nucleation processes. 
We here present extended time resolved 2- dimensional USAXS study of the solidification process 
in a flat cell.  

The here employed colloidal suspension consists of silica particles with 86nm diameter (Si86) 
dissolved in water. The silica particles carry weakly acidic silanol groups (Si-OH). Different to 
particles with stronger acidic end groups the degree of dissociation of the silanol- end groups and 
therefore the surface charge may be increased by the addition of sodium hydroxide following the 
reaction: SiOH + NaOH  SiO - + Na+ + H2O, until all surface groups are dissociated, 
corresponding to a maximum effective interaction. Further addition of NaOH then leads to a 
screening effect, which subsequently reduces the interaction between the particles. For aqueous 
silica dispersions, the particle number density n and the NaOH concentration cNaOH are the control 
parameters for the screened Coulomb interaction. The samples are conditioned in a computer 
controlled closed Teflon®- tubing system for controlling the interactions in the colloidal particle 
systems. Both solvent and NaOH are added using a computer controlled dosimeter. Computer 
controlled electromagnetic valves stop the flow instantaneously. This mark the start of 
crystallization experiment and assures that the relaxation into the equilibrium state occurs without 
any (external) forces. 

 

Fig.1: Transmission and background corrected 2d USAXS 
pattern of the Si86 system at n=70µm-3 and cNaOH=1.5mmol/l 
after complete solidification, showing a sixfold 
configuration of Bragg spots in the first Debye- Scherrer 
ring which can be ascribed to a wall based bcc- structure. 
b+c) The same diffraction pattern as shown in (a) with 
applied masks to exclude the sectors of the first Debye- 
Scherrer ring not contributing to heterogeneous nucleation 
(b) and homogeneous nucleation (c), respectively. 

We carried out the measurement at the soft matter beamline BW4. We used a PILATUS100K 2- 
dimensional detector with a pixel size of 172x172µm2. The detector time resolution was chosen to 
be 0.25sec with a readout time of 5ms. Due to expected mean particle distances of some hundred 
nm the highest sample- detector distance of 13.5m was chosen to assure a sufficient resolution. We 
carefully checked that the particle charge was not altered by exposure to X- rays. A typical (with a 
standard procedure [1]) background and transmission corrected picture close to the fluid solid 
phase boundary after completed solidification is given in Fig.1a. The appearing sixfold pattern can 
be ascribed to the nucleation and growth of wall based twined bcc crystals oriented with its densest 
packed (110) plane parallel to the cell wall. However, not the complete cell volume is taken by the 
wall crystal, but also polycrystalline material in the cell middle contributes to the scattered intensity 
which can be identified by the still underlying homogeneously distributed scattering intensity. By 
masking out the sectors ascribed either to homogeneous or heterogeneous nucleation followed by 
an azimuthal averaging of the remained scattering pattern as shown in Fig.1 b and c, the two types 
of contribution to the solidification process can be separated. Finally the azimuthal averaging of the 
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first Debye- Scherrer- ring with regard to heterogeneous nucleation was corrected by the still 
underlying homogeneous contribution. 

To determine the crystallization kinetics we followed the data analysis proposed by Harland and 
van Megen [2], by subtracting the fluid background fluidItß )(  at t=0 from the measured intensity 
I(q,t) :   

                                                          )()(),(),( qItßtqItqI fluidxtal  .    

A demonstration of results of the extracted structure factors for the time evolution of the scattering 
pattern of Fig.1a are shown in Fig.2 with regard to heterogeneous (Fig.2a) and homogeneous 
nucleation (Fig. 2b and c). It is clearly observable that the heterogeneous contributions sets in after 
about 1-2sec and increasing with time reaching their maximum after about 8sec, whereas the 
homogeneous contributions increases very fast in the first 2sec but slows down its increase after the 
heterogeneous nucleation sets in, followed by a decrease until it remains on a constant level after 4-
5sec (not shown here due to clarity reasons). The shrinking amount of polycrystalline material can 
not be explained by a continuous and independent nucleation and growth of wall and bulk 
crystalline material upon their cessation after intersection. 

 

 

Fig. 2: The left figure shows the time evolution of the crystalline parts of the structure factor Ixtal(q,t) of the 
Si86 charged sphere system at n=70µm-3 (cNaOH=1.5mmol/l) regarding heterogeneous nucleation (a) and 
homogenous nucleation (b and c). The right graph shows the time traces of the crystallinity X(t) of the 
absolute (up triangles), homogeneous (circles) and heterogeneous (squares) contributions.  

To comprehend a more quantitative picture the time evolution of the main Bragg peak have to be 
analyzed by performing a best fit with a Gauss function to extract the crystallinity X(t) (the fraction 
of the sample which is crystalline) which is calculated from the integrated peak area of the main 
Bragg reflection normalized to the equilibrium value: X(t)= ( , )xtalc S q t dq  , where c is the 
normalization factor. The determined crystallinity displays an interesting scenario. The 
homogeneous nucleated crystals do crystallize first while the crystallization of the wall crystal is 
delayed. Nevertheless at the end of the experiment the sample volume is filled approx. 80% with 
wall and 20% with homogeneous nucleated centre crystals. When the amount of wall crystal shows 
its fastest increase the amount of centre crystals decreases: The centre crystals are converted into 
wall crystal. Crystal growth of oriented crystals is favored leading to a large amount of wall crystal 
although its nucleation and growth is delayed. This complex behaviour of this observation could 
not be made at large metastability were the amount of polycrystalline material is dominating. 
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Small Angle X-Ray Scattering (SAXS) was performed at the A2 beamline of DORIS III, 

HASYLAB at DESY. The sample to detector distance was 2850 mm and the wavelength was 1.5 

Å. Experiments were performed at different temperatures at 30°C, 50°C and 80°C.  Before 

applying beam on the sample, 5 minutes are waited at every temperature. The following 

information was obtained from the SAXS experiment.  

 

1. The structure pattern of a polymer with particular composition. 

2. The effects of temperature on the morphology. 

3. The data are correlated between SAXS and TEM results to illustrate the morphology precisely.   

 

The taken SBM’s has quite the same weight fractions of all its three blocks (S37B31M32) and the 

total molecular weight of the polymer is 113 kg/mol. The similar repulsive interaction of the three 

blocks tends to form a lamellae morphology which has also been seen in TEM micrographs.  

0.1 0.2 0.3 0.4 0.5 0.6

n = 5
n = 4

n = 3

n = 2

In
te

ns
ity

q [nm-1]

 30

(0.38481)

(0.28316)

(0.48646)
(0.57939)

(0.18732)
n = 1

 

Figure 1: SAXS profiles of the block copolymer 061208_ S37B31M32
113 . 
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From the diffraction pattern of the sample S37B31M32
113, a long periodicity is noticed up to five 

order reflection (1q*, 1.5q*, 2q*, 2.6q*, 3q*) which indicates a cylindrical structure on a hexagonal 

lattice (hex-cylinder). However, the first (100) and 3rd (300) order peaks are very sharp compared 

to the others indicating a lamellar morphology (Figure 1). Besides, the clean lamellar structure from 

TEM micrographs indicates the absence of any cylindrical formation on this polymer. Probably the 

sample preparation parameters influence to have a non-ordered microphase or a transition between 

lamellae and hex-cylinder phase for this particular sample. Note, that a long evaporating time (3-4 

weeks) and temperature treatment (up to 150°C) were applied for TEM film preparation which was 

not obeyed in case of the SAXS experiment.  

From the temperature dependent measurements (at 30°C, 50°C and 80°C), a slight decrease in 

periodicity was noticed. When the temperature is increased, the repulsive interactions of the 

domains are reduced. As a result a slightly shift of the main peaks towards the higher q values are 

found. This effect has been observed in other block copolymer system also.(1) Furthermore, the 

intensities of the peaks are sharper at higher temperatures indicating a better segregation  The long 

periodicity of the lamellar structure seems also be affected by the temperature changes. The 

periodicity of the main reflection at 30°C was calculated according to Bragg’s law (q/2π = n/d) for 

the n = 1 reflex, l = 33.54 nm whereas at 50°C, l = 30.41 nm and at higher temperature at 80°C the l 

values reduces to 29.95 nm. The periodicity measured in the TEM micrographs is 33.9 nm is good 

agreement with the SAXS data. 
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Nanostructured block copolymer thin films find a number of applications, especially as templates 
for anorganic materials, which may be used as optical elements or data storage devices [1]. For this 
reason, it is necessary to promote defect-free structures. Spin-coating is often used to prepare films 
because it is a fast and easy technique and results in homogeneous thin films, but the fast self-
assembly introduces defects and multi-domain structures. Therefore, thermal annealing has 
frequently been applied to remove defects and thus to improve the long-range order [2]. Annealing 
temperature is a key parameter because it influences both, the interfacial tension between the two 
blocks and the polymer mobility. The latter is of importance in the case that one of the blocks is in 
the glassy state at room temperature, such as the frequently used polystyrene (PS). Only above its 
glass transition temperature, Tg, the block is expected to be mobile enough to enable long-range 
diffusion of the block copolymer. 

We have studied thin films from lamellar poly(styrene-b-butadiene) diblock copolymers (P(S-b-B)), 
initially having the perpendicular lamellar orientation on a Si substrate [3]. The influence of thermal 
treatment was investigated by means of in-situ grazing-incidence small-angle X-ray scattering 
(GISAXS). In the P(S-b-B) system, the glass transition temperature Tg of PB is -80 °C, i.e. PB is 
mobile at room temperature (RT), whereas for PS, Tg is 102 °C, i.e. PS is in the immobile, glassy 
state at RT. To investigate the role of mobility for the annealing process, we have systematically 
varied the annealing temperature between 60 °C and 120 °C.  

A symmetric P(S-b-B) diblock copolymer having a molar mass of 216 kg/mol and an initial 
lamellar thickness of 80 nm was spin-coated from toluene solution onto Si wafers and then dried in 
vacuum for 1 day at RT, resulting in a film thickness of 150 nm. The structural properties were 
studied by means of GISAXS experiments, using a heatable sample chamber flushed with N2. The 
experiments were carried out at beamline BW4 with the beam being focused by Be lenses to a size 
of 20 × 40 µm2, i.e. the footprint was kept below 10 mm. The sample-to-detector distance was 
approx. 2 m. A tantalum rod was used as a beamstop to block the intense specularly reflected beam. 
2D images were monitored using a CCD camera. The lateral structures were further characterized 
from the intensity profiles along qy taken at the qz-value of the Yoneda peak of the polymer film 
(qz=0.0256 to 0.0266 Å-1). 

We have performed GISAXS measurements before, during and after thermal treatment of P(S-b-B) 
(Fig. 1). At RT, the 2D images display straight diffuse Bragg rods (DBRs) indicating the 
perpendicular lamellar orientation. From their qy-positions, a lamellar thickness of 854 ± 5 Å is 
determined using Bragg’s law. Thermal treatment below 100 °C results in bending of the DBRs. 
We attribute the bending to tilting of the lamellae away from the purely perpendicular orientation. 
Upon cooling down to RT, the straight diffuse Bragg rods (DBRs) reappear in all cases, i.e. the 
perpendicular orientation is recovered. In contrast, upon thermal treatment at 107 °C, the DBRs are 
only partially recovered and vanish completely after treatment at 113-115°C, i.e. the perpendicular 
orientation is destabilized, i.e. the structural changes are irreversible at these high temperatures.  

We conclude that the processes during thermal treatment of lamellar diblock copolymer thin films 
greatly depend on treatment temperature. In particular, the highest glass transition temperature of 
the two blocks plays an important role. Thermal annealing below the Tg of the PS block results 
mainly in a decrease of the lamellar thickness, whereas above, severe changes of the orientational 
distribution of the lamellar structure are observed. 
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Figure 1: GISAXS images of P(S-b-B) before ▲, during ◄► and after ▼ thermal treatment at 60°C, 87°C, 
97°C, 107°C, 113°C and 115°C respectively..  
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The thermodynamic nanoscale self-organization of polymers can be achieved simply by covalently 
joining polymer chains together in a block copolymer. Because the polymer chains are tethered to 
each other, macroscopic phase separation cannot occur and structural organization occurs in 
domains with periodicities ≈ 1 – 100 nm, whether in the melt, solid or in micellar solution. With 
these remarkable materials, the molecular engineer can combine distinct polymers or selective 
incorporate one block with inorganic nanocrystals to give materials with tailored physical 
properties (e.g. mechanic, electronic, photonic) [1]. These new materials are promising candidates 
to find application as nanodevices in the microelectronics, energy storage devices or for photonic 
applications. By applying an external force (electric, magnetic, mechanic) to block copolymer 
melts, the phase separated microstructures can be orientated, forming well ordered macroscopic 
anisotropic structures [2]. The precision alignment of the self-assemble nanostructures has 
enormous potential as thin films, interfacial applications and orientation dependent 
conducting/photonic materials.  

The in situ investigation of the macroscopic alignment, induced by large amplitude oscillatory shear 
(LAOS), is the aim of our researches. The dynamics of block copolymer melts are equally 
intriguing, leading to complex linear viscoelastic behavior and anisotropic diffusion processes. The 
non-linear viscoelastic behavior is similarly rich [3], although the study of the effect of mechanical 
shear on the alignment and orientation of ordered structures in block copolymer melts is still 
infancy. In order to achieve a better insight to this orientation process, in situ X-Ray methods afford 
essential information on molecular and structural dynamics. Due the low electronic contrast 
between the different blocks a strong X-Ray source has to be used to reveal structural changes on a 
short time scale (seconds). Therefore the unique Rheo-SAXS setup at BW1 appeared to be the 
experimental method of choice. Utilized with a very sensitive Pilatus 3k detector we were able to 
resolve the orientation process on a short time scale of 10 s.  

Figure 1a and 1b show two in situ LAOS experiments of a cylindrical Polystyrene-Polyisoprene 
(PS-PI) block copolymer with PS as the minor fraction. Both experiments were carried out under 
similar conditions (T = 130 °C, γ0 = 1), by varying the mechanic excitation frequency from 0.02 Hz 
to 1 Hz. For 0.02 Hz (see Fig. 1a) the in situ data reveal two different processes which occur during 
LAOS. On the one hand the cylinders are oscillating periodically with the applied mechanical shear 
frequency. On the other hand LAOS causes the formation of a macroscopic orientation. Due to the 
appearance of six peaks equally distanced, we assume that the cylinders are macroscopic orientated 
with their C∞ axis perpendicular to the shear flow. If the frequency is increased to 1 Hz LAOS 
causes a rapid alignment (~40 s) of the cylinders with their C∞ axis parallel to the shear flow, which 
can be seen by the two reflexes in the scattering pattern (see Fig. 1b). If the experiment proceeds 
the alignment is not changed, but the reflexes of the scattered X-Rays become more narrow, 
indicating an improved alignment of the macroscopic structure. 

By correlating the structural changes to the non linear response of the sample, measured by Fourier 
Transform-Rheology [4], a dependence of the macroscopic orientation of the cylinders with respect 
to the shear flow can be stated. The time dependence of the non linear parameter I3/I1, representing 
the degree of the non linear response of the sample, shows opposite trends for each orientation. For 
the perpendicular macroscopic alignment (ωm/2π = 0.02 Hz) I3/I1 is exponential rising, finally 
reaching a plateau value (see Fig. 1c). From the 2D-SAXS data we assume, that two major effects 
contribute to I3/I1.  

1. The intrinsic friction which occurs in the bulk polymer from the oscillation of the polymer 
grains. 
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2. The development of an ordered macroscopic structure, where the cylinders are orientated 
perpendicular to the shear flow. 

In the beginning the major part of the non linear response can be attributed to the periodic 
oscillation of the polymer grains. As the experiment proceeds the non linear response becomes 
more and more dependent to the macroscopic orientation, while the major response in the plateau 
value is caused by the unfavorable perpendicular orientation of the cylinders. In this orientation the 
cylinders can not release the applied stress by slipping on top of the liquid like PI matrix. For the 
parallel orientation I3/I1, as can be seen in Figure 1d, is exponential decreasing which we assume is 
caused by the favorable parallel orientation of the cylinders. In this case the cylinders can slip on 
top of the liquid like PI matrix. By taking a closer look to the very beginning of the experiment, an 
overshoot in I3/I1 is detected with its maxima at around 40 s. We assume that this overshoot is 
caused by the rapid alignment of the cylinders which was detected by in situ Rheo-SAXS.  

From our first experiments with the new Rheo-SAXS setup we were able to prove a correlation 
between structural changes and the non linear response of the sample. To get a more systematic 
study, different series of BCP weights with cylindrical and lamellar morphologies, which will be 
macroscopic aligned under specific conditions, have to be investigated in further experiments with 
the Rheo-SAXS setup. 

 

Figure 1: in situ measurements during LAOS (γ0 = 1, T = 130 °C); a) in situ X-Ray measurement (ωm/2π 
=0.02 Hz), b) in situ X-Ray measurement (ωm/2π =1 Hz), c) time dependence of I3/I1 (ωm/2π 

=0.02 Hz), d) time dependence of I3/I1 (ωm/2π = 1 Hz). 
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The solution structures of a partially branched polyethylene imine (PEI) and linear polyethylene glycol 
(PEG) have been investigated by SAXS. These model polymers are commercially available and can be used 
either for antibacterial or drug delivery applications [1]. Their interaction with lipid membranes could lead 
to phase transitions or pore formation in lipid bilayers. The experiments were performed at beamline B1 of 
the DORIS III storage ring at HASYLAB/DESY in Hamburg. The beam size was 1.0 mm × 1.0 mm on the 
sample. The measurements were carried out at a fixed energy of 10 KeV, corresponding to a wavelength λ = 
1.24 Å. The scattered intensity was recorded with a two dimensional (2D) gas detector, the area of which 
was divided in 256 × 256 pixels. The SAXS data were averaged over the azimuth angle, normalized, 
background corrected, and calibrated. The samples were liquid solutions filled in holders with openings for 
the X-ray beam covered with Kapton. The vacuum in the experimental chamber sometimes caused sample 
leakage. Selected results were compared with measurements by a laboratory SAXS instrument. That 
allowed for a very precise background subtraction. Pair distance distribution function was obtained via the 
use of GNOM [2]. The X-ray scattering pattern of 10 mg/ml functionalized PEI (synthesis of derivatives is 
described in ref.1) measured at room temperature is shown on Fig.1. The obtained experimental atomic pair 
distance distribution and the modelled one, have similar characteristic shapes like a bell. The model PEI was 
build by randomly branching a linear polymer chain until its degree of branching become 30%. Further 
measurements are necessary before the final conclusions are made. 

 

Figure 1: X-ray scattering and pair distance distribution from branched PEI in a water solution. 
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It is quite common situation that polymers can exist in several crystallographic 
modifications. The possibility of mutual transitions in multiphase polymer systems leads to the very 
complex process of crystallization. To our knowledge the recent model developed in our group by 
Ziabicki [1] is the first successful attempt to describe physically the process of multiphase 
transitions. However there are still a lot of unsolved problems in the field of polymer crystallization 
including polymorphs. Up to date there is discussion on the mechanisms of polymorphic transitions 
in polymers. Apart from the nucleation mechanism, there is also possibility of indirect transition via 
an intermediate disordered phase as well as direct rapid transition through the cooperative motions 
of atoms. The knowledge of the mechanism and kinetics of polymorphic transitions is necessary for 
proper modeling of multiphase transitions, including also industrial processes.  

 

EXPERIMENTAL 

Isotactic polypropylene (i-PP), Himont, Mw = 476*10
3
, Mn= 79*10

3
, isotacticity index 

0.96, poly(vinylidene fluoride) (PVDF) Kynar 880N (Pennwalt Corp.), Mw=400*10
3
, 

Mn=149*10
3
, and linear high density polyethylene (PE) with Mw = 437*10

3
, Mn= 16*10

3
 were 

investigated.. The main aim of investigations is the analysis of mechanisms and kinetics of 
polymorphic transitions in polymers. The data will be compared with the results of numerical 
simulation based on the model of multiphase transitions developed recently by Ziabicki [1]. 
Additional results obtained on PE as well as on i-PP and PVDF in the temperature range of one 
polymorph, only, were used as supplementary data for preliminary testing of the new light 
depolarization setup for phase transitions analysis, including polymorphic transitions [2]. 

Wide- (WAXS) and small angle (SAXS) X-ray scattering experiments were performed at 
the Soft Condensed Matter Beamline A2 at the Hamburg Synchrotron Radiation Laboratory 
(HASYLAB) at the German Electron Synchrotron (DESY) in Hamburg. The monochromatic 
radiation of wavelength, λ = 0.15 nm was used. Two-dimensional detectors covering the small 
angle and the wide-angle diffraction regions were used. The angular range 2θ of registration was 
0.01 – 1.8

o
 for SAXS and 9 – 27

o
 for WAXS. Profiles of intensity vs. 2θ were obtained by 

averaging two-dimensional images in the range of 20
o
 of azimuthal angle using dedicated software 

“a2tool” accessible at the HASYLAB Beamline A2. The time of registration was between 5 and 11 
s. The primary beam intensity was measured by an ionization chamber and the scattering intensity 
was normalized by dividing it by the intensity of primary beam. The spatial calibration for SAXS 
detector was done using rat tail tendon and for WAXS  using PET film standards. 

Our results show that in the case of i-PP, isothermal crystallization in the temperature range 
between 118

o
C and 128

o
C leads to the formation of β phase in addition to the dominant α 

modification (Fig. 1). The analysis of thermodynamic parameters leads to the conclusion that β 
phase in i-PP is a metastable phase and appears due to kinetic reasons [3]. We have determined the 
kinetic curves of α and β crystallization at various temperatures; an example is shown in Fig. 2.  
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Figure 1. WAXS profiles of i-PP during crystallization at 116
o
C.  

 

 

Figure 2. An example of WAXS crystallinity for isothermal crystallization of i-PP at 116
o
C.  

Despite the fact that at particular temperature there is large scattering of kinetic curves depending 
on a sample investigated, the general observation is that kinetic curves of formation of α and β crystals in i-
PP cannot be described by sigmoidal function as it is usually found in simple crystallization involving single 
solid phase. The peculiar shapes of kinetic curves observed experimentally indicate a complex nature of 
phase transitions from amorphous phase. Some of the kinetic curves indicate a local maximum for β content 
followed by acceleration of α formation. The detailed look reveals that the amount of β modification in the 
early stages of the process is relatively high suggesting that in the initial period of time, β form is created 
faster than α form. At longer times, reduction of the contents of β phase and increase of that of α phase 
suggests β→α transition. Quantitative analysis of the complex phase transitions during isothermal 
crystallization is in progress. 
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The particular systems under investigation are poly(p-arylene-ethynylene)-alt-poly(p-arylene-
vinylene)s (PAE-PAV) based copolymers. We used targeted side chain modification for manipula-
ting the nanostructural properties of these materials in order to tune their photophysical and photo-
voltaic performance. Interchain interactions were systematically modified by decorating the con-
jugated polymer backbone with linear or branched or combinations of linear and branched alkoxy 
side chains. Figure 1 shows the chemical structure of the polymers and defines the nomenclature. 

X-ray scattering experiments on extruded fibers revealed that the polymers AnE-PVad, -ae, and -
ab bearing linear octyl side chains at R1 and R2 on the more rigid part of the conjugated backbone, 
i.e. arylene-ethynylene segment arrange in a stacked structure. This layered structure comprises π-π 
stacks of the backbones (π-π stacking distance dπ-π) which are separated by interlayers build by the 
side chains (distance dinter). For details about the structural investigations on the bulk samples see 
Ref. ([1]). Figure 2 presents a sketch of the layered structure. In contrast, the polymers AnE-PVbb 
and -ba with bulky branched 2-ethylhexyl attached at the arylene-ethynylene moiety show no long-
range order. The scattering spectra reveal no indication for π-π stacking of the backbones. 

 
 

 

. 

 

 
 

Figure 1: Chemical structure and nomenclature of the anthracene containing poly(phenylene-
ethynylene)-alt-poly(phenylene-vinylene)s (AnE-PV) substituted with different alkoxy side chains 
at Ri (i=1,2,3,4; 2-EH=2-ethylhexyl).  

 

We performed grazing-incidence wide-angle x-ray scattering experiments on thin films of the 
pristine polymers as well as of their blends with different amounts of [6,6]-phenyl-C61-butyric acid 
methyl ester (PCBM) spin coated from chlorobenzene solutions. Figure 3 shows a selection of 
representative results for different polymers and the corresponding polymer:PCBM (1:1 blends): 1. 
all-linear substitution (AnE-PVad), with branched 2-ethylhexyl attached to the 2. arylene-
ethynylene (AnE-PVba) and 3. vinylene moiety (AnE-PVab), respectively. The polymers with 
octyl side chains at R1 and R2

 exhibit a pronounced peak at small q-values corresponding to the 

 Name R1 R2 R3 R4 

AnE-PV     
ad Octyl Decyl 
ae Octyl Dodecyl 
ab Octyl 2-EH 
ba 2-EH Octyl 
bb 2-EH 2-EH 

OR1

R2O

OR1

R2O

OR3

R4O n
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interlayer stacking perpendicular to the substrate surface. The thin film values for dinter match well 
the bulk values.  No pronounced π-π stacking can be observed in the plane parallel to the substrate. 
The clearly visible isotropic ring in the spectra of the polymer:PCBM blends correspond to the 
PCBM nearest neighbor distances of the weakly ordered PCBM domains. There is no preferred 
orientation of the PCBM domains relative to the substrate. Whereas addition of PCBM is detri-
mental to interlayer stacking of the polymers with 2-ethylhexyl attached to the vinylene moiety, 
this is not the case (or at least less detrimental) for the polymers with all linear substitution. The 
polymer AnE-PVab exhibits the best performance in terms of the power conversion efficiency in 
the solar cell devices. For more details on the device characterization see Ref.([2] ) and Ref.([3]). 
A closer look at the spectra of this polymer reveals beside the interlayer peak a second broad peak 
at large q-values that corresponds to π-π stacks perpendicular to the substrate. For the performance 
of the solar cells, such an orientation is ideal for the charge carriers to be transported away from 
their generation point as well as for charge collection at the active layer/electrode interface. 
                                                                

 

 

 

 

             

 

 

 

 

 

 

 

Figure 3: Left: representative two-dimensional detector pattern of the pure polymers and their 
mixtures with PCBM in (1:1) blends by weight fraction. Right: sketch of the layered structure of 
AnE-PV polymers with linear octyl substitution at the arylene-ethynylene segment. 
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Polymer-Fullerene Solar Cells: Effect of Casting 
Solvent on the Photovoltaic Performance of PAE-PAV 

Based Copolymers 
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The particular systems under investigation are poly(p-arylene-ethynylene)-alt-poly(p-arylene-
vinylene)s (PAE-PAV) based copolymers. We used targeted side chain modification for manipula-
ting the nanostructural properties of these materials in order to tune their photophysical and photo-
voltaic performance. Interchain interactions were systematically modified by decorating the con-
jugated polymer backbone with linear or branched or combinations of linear and branched alkoxy 
side chains. The effect of different side chain substitution has been discussed in another report. 
Here we would like to discuss the effect of the casting solvent by means of one of the polymers of 
this series. The chemical structure of the particular polymer is depicted in Figure 1. 

X-ray scattering experiments on extruded fibers revealed that the polymer arranges in a stacked 
structure. This layered structure comprises π-π stacks of the backbones (π-π stacking distance dπ-π) 
which are separated by interlayers build by the side chains (distance dinter). For details on the 
structural investigations on the bulk samples see Ref. ([1]).  

 

 
 
 

 

. 

 

 
 
 
Figure 1: Left: chemical structure of the anthracene containing poly(phenylene-ethynylene)-alt-
poly(phenylene-vinylene) copolymer: R1=R3= methyl and R2=R4= 2-ethylhexyl. Right: sketch of 
the layered structure. 

 
We performed grazing-incidence wide-angle x-ray scattering experiments on thin films of the 
pristine polymer as well as of its blends with different amounts of [6,6]-phenyl-C61-butyric acid 
methyl ester (PCBM) spin coated from 1. chlorobenzene (CB), 2. chloroform (CF) and 3. from a 
(1:1) mixtures by weight fraction of CB and CF. Figure 3 shows the spectra obtained for films 
deposited from CB and from CB:CF mixtures, only. The pure polymer deposited from CB does not 
show significant signal indicating the absence of any longer ranged order. The isotropic rings 
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visible in the spectra of the polymer:PCBM blends deposited from CB correspond to the PCBM 
nearest neighbor distances of the rather weakly ordered PCBM domains. There is no preferred 
orientation of the PCBM domains relative to the substrate. Deposition out of CB:CF solutions 
leads to a significant improvement of the solar cell performance in terms of power conversion 
efficiency. For more details on the device characterization see Ref.([2]). This improvement 
originates from a better phase separation between polymer and PCBM as can be seen from the 
more pronounced isotropic scattering features originating from the PCBM phase. Furthermore a 
broad peak appears well visible in the spectrum obtained for the pristine polymer film. This peak 
corresponds to π-π stacks perpendicular to the substrate. For the performance of the solar cells, 
such an orientation is ideal for the charge carriers to be transported away from their generation 
point as well as for charge collection at the active layer/electrode interface. The corresponding 
peak originating from interlayer stacking parallel to the substrate is not observed in as deposited 
samples. However, annealing of the sample leads to a sharpening of the π-π stacking peak as well 
as to a well defined interlayer stacking parallel to the π-π stacking direction.                          
                 

 

             

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3: Representative two-dimensional detector pattern of the pure polymer and its mixtures 
with PCBM in (1:1) and (1:2) blends by weight fraction deposited from pure CB (top) and (1:1) 
CB:CF mixtures (bottom). 
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Effect of Chain Architecture on Microdomain 
Orientation in Block Copolymer Supramolecular 

Assemblies 
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2 HASYLAB at DESY, Notkestr. 85, 22603 Hamburg, Germany 

Recently, supramolecular assemblies (SMA) based on block copolymers has received significant attention 
[1-2]. These SMA’s are produced by attaching small molecules to the side chains of a block via non-
covalent interactions. A range of morphologies can be obtained with one block copolymer by incorporating 
different fractions of the small molecules. Though SMAs based on block copolymers have been extensively 
investigated in the bulk, their behavior in thin films is still to be fully understood.  

In this report, we investigate SMAs formed by a cylinder-forming poly(4-vinylpyridine)-block-polystyrene-
block-poly(4-vinylpyridine) (P4VP-b-PS-b-P4VP) asymmetric triblock copolymer and 2-(4'-
hydroxybenzeneazo)benzoic acid (HABA). The self-assembly of the supramolecular assemblies of triblock 
copolymer has been compared with those of a PS-b-P4VP diblock of similar composition but half the chain 
length. The microphase separation of the SMAs were investigated in bulk as well as in thin films in a wide 
range of compositions tuned by varying the molar ratio between HABA and 4VP unit. PS-b-P4VP diblock 
copolymer with number average molecular masses (Mn): PS 19000 gmol-1, P4VP 5200 gmol-1, Mw/Mn = 
1.10, and P4VP-b-PS-b-P4VP triblock copolymer with (Mn): PS 38000 gmol-1, P4VP 4500 gmol-1, Mw/Mn = 
1.10 were purchased from Polymer Source, Inc. HABA was purchased from Sigma-Aldrich. PS-
P4VP(HABA)X or P4VP(HABA)X-PS-P4VP(HABA)X supramolecular assemblies were prepared in 
1,4-dioxane, where X denotes the molar ratio given by the average number of HABA molecules 
bound to one monomer unit of P4VP block. Thin films on silicon wafer were prepared by dip 
coating from the filtered solutions. The SMA thin films were further annealed in chloroform vapors 
for improving the long-range order.  

GISAXS measurements were carried out at the beamline BW4 of the DORIS III storage ring at 
HASYLAB (DESY, Hamburg, Germany). The selected wavelength was λ = 0.138 nm. The sample 
was placed horizontally on a goniometer. A beam stop was used to block the direct beam in front of 
the detector. Besides, a second, rod-like moveable beam stop was also used to block the very high 
specular intensity on the detector. The incident angle was set to 0.21, The scattered intensities were 
recorded by a 2D detector (MARCCD; 2048 × 2048 pixel). Atomic Force Microscopy (AFM) 
imaging was performed using a Dimension 3100 scanning force microscope (Digital Instruments, 
Inc., Santa Barbara) and a CP microscope (Park Scientific Instrument, Inc) in the tapping mode. 

Figure 1(a-d) shows the AFM topographic images of diblock (D) and triblock (T) SMA with 
HABA/4VP molar ratio 1 (D1, T1) and 0.5 (D05, T05). The images were obtained after washing 
out HABA. The AFM images of SMA D1 showed highly irregular features which could be 
explained considering a lamellar morphology oriented parallel to the silicon substrate (Fig. 1a). 
Washing of HABA from buried P4VP(HABA) layer distorted the top PS layer. The GISAXS map 
of this sample obtained after washing HABA also indicated for a disordered morphology (Fig. 2a). 
The AFM image of D05 showed alternating dark and bright stripes on the surface which was 
indicative of parallel cylindrical morphology (Fig. 1b). This was further corroborated from the 
GISAXS map of D05 where a single reflection along qy and some reflections along qz could be 
observed (Fig. 2b). AFM topographic images of triblock SMA T10 showed alternating dark and 
bright stripes which considering the composition of the blocks indicated for lamellar morphology 
oriented normal to substrate (Fig. 1c). The GISAXS map also showed reflections along qy in the 
ratio 1:2 (Fig. 2c). Furthermore, the Bragg rod in the first order reflection showed that the vertical 
layers go from top to bottom of the film. The AFM images of the SMA T05 which were expected to 
had cylindrical morphology showed dark spherical structures packed in a hexagonal lattice in bright 
matrix (Fig. 1d). This was indicative of perpendicular orientation of P4VP(HABA) cylinders in the 
thin films of this SMA. Again the GISAXS map showed several higher order peaks along qy, whose 
ratio clearly indicated for hexagonal packing whereas the Bragg rod in the first order reflection 
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revealed that the cylinders go upto the bottom of film (Fig. 2d). Hence, the orientation of lamellar 
and cylindrical microdomains in the triblock SMAs was perpendicular to the substrate which was 
opposite to that observed for diblock SMAs of similar compositions. It is suggested that 
perpendicular orientation of the microdomains in triblock SMAs allowed the mid-PS blocks to 
acquire its normal distribution of loop and bridged conformation [3]. Moreover, such an orientation 
also was favored in triblock SMAs since it allowed end segments of P4VP blocks at the surface to 
gain entropy [4]. 

200nm 200nm

200nm 200nm

(d)(c) 

(b)(a)  

 

 

 

 

 

 

Figure 1: AFM height images obtained after annealing SMA in chloroform vapors and extracting HABA  (a) 
D1; (b) D05; (c) T1; (d) T05. 
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Figure 2: GISAXS map obtaine ors and extracting HABA  
(a) D1; (b) D05; (c) T1; (d) T05. 

d after annealing SMA thin films in chloroform vap
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Melting and Crystallization of Oriented Polypropylene
Nanocomposites

A. Almendarez-Camarillo1, A. Zeinolebadi2, N. Stribeck2

1Instituto Tecnológico de Celaya, 38010 Celaya, Gto., Mexico
2Inst. TMC, Dept. of Chemistry, University of Hamburg, 20146 Hamburg, Germany

Experimental Setup. Time-resolved 2D SAXS measurements are performed at HASYLAB beam-
line A2 during temperature treatment of polypropylene fibers. The sample-detector distance is
3055 mm. A marccd 165 detector is used in 1024× 1024 pixel mode. During heating, cooling,
and crystallization 2D SAXS patterns are recorded every 30 s.

Summary of Scientific Results. We study oriented blends of isotactic polypropylene with nan-
otubes and nanoclays, respectively. The materials are heated and molten at 172°C. Thereafter
they are quenched to different crystallization temperatures and the formation of the semicrystalline
nanostructure is observed.

We find that the addition of nanotubes changes the thermal properties of the polypropylene material
considerably. A thorough data analysis has not yet been performed.

-486-



Self-assembly of nanoparticle / block copolymer 
composites in thin films 
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Institute for Physical Chemistry, University of Hamburg, Grindelallee 117, 20146 Hamburg, Germany 

1HASYLAB / DESY, Notkestr. 86, 22603 Hamburg, Germany 

Bulk block copolymers can self-assemble into a variety of structures such as spheres, cylinders and lamellar 
phases. These structures can be used as carriers for inorganic nanoparticles, as ligand-modified particles can 
dissolve selectively in one of the blocks of the block copolymer. This selective behaviour can be reached by 
attaching organic ligands on the surface of  nanoparticles, which makes them selective to one of the block 
copolymer blocks. 

In this study we used iron oxide nanoparticles with a diameter of 8 nm and small size distribution (less than 
2%).  The ligands are modified poly(2-vinylpyridine) or poly(styrene) with an amino endgroup, which is 
attached to the particle surface. This make them selective to one of the blocks of poly(styrene-b-4-
vinylpyridine) (PS-P4VP). This block copolymer was acting as the self-organized polymer matrix.  
Both, the block-copolymer and the nanoparticles were dissolved in a non-selective solvent (chloroform), 
mixed together and spin-coated onto silicon wafers. The film thickness were variied by the concentration of 
the polymer in the initial solution. The thickness of the coating was determined by means of ellipsometry 
and x-ray reflectivity (XRR).  

 

 Figure 1: GISAXS pattern and simulation of hexagonal arranged cylinders in PS-P4VP normal to the 
substrate surface. 

 

The PS-P4VP forms cylindrical P4VP domains perpendicular to the substrate surface in a surrounding PS 
matrix. This structure information was extracted out of grazing incidence small angle x-ray scattering 
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(GISAXS) experiments.  For the GISAXS measurements we used the µ-focus grazing incidence setup of the 
BW4 [1] and a 2-dimensional CCD at a distance of 2 m (sample – detector). Accumulation time was 30 min 
at an incident angle of 0.6° and a wavelength of 0.138 nm. Figure 1 shows the GISAXS pattern and the 
simulated scattering of hexagonal arranged cylinders normal to the substrate surface. Theory and detailed 
description of the setups is reported elsewhere [2][3]. 

SEM investigations were performed to determine the location of the nanoparticles inside the block 
copolymer structure. It can be shown that the particles dissolve selectively in one of the polymer phases. 
Figure 2 shows iron oxide nanoparticles with P2VP ligands inside the P4VP cylindrical domains of the 
polymer film, while nanoparticles modified with PS ligands are placed inside the PS matrix.   

(a)

(b)

(c)

(d)

(a)

(b)

(c)

(d)

   

Figure 2: SEM micrographs of  selectively dissolved iron oxide nanoparticles in P4VP cylinders (a+b) and 
in the PS matrix (c+d) controlled by ligand exchangement. 
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Objectives 

Silica nanotubes are very promising candidates as multifunctional nonocarriers once they have the 
important possibility of differential functionalization that can provide the inner voids for loading 
drug molecules or imaging agents and the outside surface for targeting moieties, antifouling agents 
or different kinds of molecules. Moreover, silica-based particles are also known for their 
biocompatibility. 

Nevertheless and while exploring the biomedical applications of these nanocarriers for in vivo use, 
it is essential to understand the complex process of cellular uptake and intracellular trafficking of 
these nanomaterials. In fact, studies have shown that the interfacial properties of nanomaterials 
significantly affect their interactions with the biological environment [1]. Furthermore, the size and 
hydrophobicity of nanomaterials play important roles in their uptake by the cells of the 
mononuclear phagocytic system and their eventual clearance by the reticuloendothelial system. In 
this matter, the interaction of nanocarriers with the membrane should be the first study made since 
understanding the biophysical interactions of nanocarriers with cell membranes is critical for 
developing effective systems for drug delivery applications.  

 

Achievements 

The structural modifications of multilamellar vesicles of dipalmitoylphosphatidylcholine (DPPC) 
induced by increasing concentration of silica nanotubes (SNTS) were studied by small-angle and 
wide-angle x-ray scattering. The main results are presented in table 1 and 2. 

The results from SAXS and WAXS experiments of DPPC in fully hydrated DPPC at physiological 
pH are in good agreement with those in the literature. The lamellar lattice constant deduced from 
the SAXS patterns for DPPC, changes from 6.35 ± 0.05 nm in the Lβ’ phase, to 6.60 ± 0.05 nm in 
the fluid Lα phase where the bilayers present highly disordered chains. Deconvolution of the 
WAXS patterns gives the two parameters of the pseudo-hexagonal lattice of the chain packing, i.e., 
4.09 ± 0.05 Å and 4.20 ± 0.05 Å, which are also in good agreement with the literature. Moreover, 
the diffraction peaks present a high correlation length (ξ) which indicates a good correlation 
between the bilayers.  

These experiments were made considering the hypothesis that the interaction of the silica nanotubes 
with DPPC depended on at least three factors: the nanotubes concentration and length and the 
initial organization of the lipids. However, the results do not present significative differences 
relatively to the initial structure of the lipid as the concentration or the size of the structures is 
concerned. On the other hand, the nanotubes’ influence is different depending on the phase of the 
lipid. The main differences are verified in the Lα phase were the nanotubes seemed to have more 
influence. Inclusively, in that phase and for all the tested concentrations and lengths it is observed a 
phase separation, which provides evidence for non-homogeneity of the lipid phase. Generally, the 
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nanotubes increase de d values, which can be an indicator of enhancement of the water layer. 
Further experiments will test functionalized and non-functionalized SNTs to evaluate the influence 
of surface groups on the penetration of these nanosystems into the membrane. 

 

Table 1 - Long spacings determined from SAXS patterns and respective correlation length (ξ) at 10 °C, 20°C 
and 50°C. The data is presented as a function of the number of nanostructures. 

 

 

 

Table 2 - Short spacings determined from WAXS patterns and respective correlation length (ξ) at 10 °C and 
20°C. The data is presented as a function of the number of nanostructures. 
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d (Å) ξ (Å) d (Å) ξ (Å) d (Å) ξ (Å)

67.8 ± 0.5 813 ± 10

64.6 ± 0.5 438 ± 10

68.6 ± 0.5 1164 ± 10

66.5 ± 0.5 454 ± 10

68.3 ± 0.5 975 ± 10

66.8± 0.5 540 ± 10

68.5 ± 0.5 1057 ± 10

68.2 ± 0.5 418 ± 10

68.5 ± 0.5 1037 ± 10

66.4 ± 0.5 454 ± 10

68.6 ± 0.5 845 ± 10

65.7 ± 0.5 451 ± 10

DPPC                                           

+                                        

SNTS 500 

nm

0

4.17E+09

2.08E+10

4.17E+09

2.08E+10

4.17E+09

DPPC                                                    

+                                

SNTS 250 

nm

DPPC

DPPC                                                         

+                                         

SNTS 80 nm

50 º C (Lα)

2.08E+10

65.1 ± 0.5 762 ± 10

64.9 ± 0.5 606 ± 10

65.1 ± 0.5 828 ± 10

66.0 ± 0.5 622 ± 10

64.7 ± 0.5 894 ± 10

64.9 ± 0.5 562 ± 10

64.8 ± 0.5 918 ± 1065.0 ± 0.5 578 ± 10

527 ± 10 65.1 ± 0.5 772 ± 10

64.9 ± 0.5 662 ± 10

606 ± 1065.2 ± 0.5

614 ± 1065.0 ± 0.5

65.1 ± 0.5

number of 

nanotubes

20 º C (Lβ')10 º C (Lβ')

63.2 ± 0.5 1009 ± 10 63.5 ± 0.5 898 ± 10

d1 (Å) d2 (Å) ξ1 (Å) ξ2 (Å) d1 (Å) d2 (Å) ξ1 (Å) ξ2 (Å)

DPPC 0 4.21 ± 0.05 4.04 ± 0.05 198 ± 10

number of 

nanotubes

10 º C (Lβ')

DPPC                                                         

+                                         

SNTS 80 nm

4.17E+09 4.19 ± 0.05 4.00 ± 0.05 131 ± 10 37 ± 10

2.08E+10 4.19 ± 0.05 4.00 ± 0.05 132 ± 10 40 ± 10

DPPC                                           

+                                        

SNTS 500 

nm

4.17E+09 4.19 ± 0.05 4.02 ± 0.05 157 ± 10

50 ± 10

2.08E+10 4.19 ± 0.05 4.01 ± 0.05 125 ± 10 43 ± 10

DPPC                                                    

+                                

SNTS 250 

nm

4.17E+09 4.18 ± 0.05 4.06 ± 0.05 119 ± 10

20 º C (Lβ')

232 ± 10 40 ± 10

204 ± 10 36 ± 10

35 ± 10

2.08E+10 4.19 ± 0.05 4.01 ± 0.05 146 ± 10 38 ± 10

29 ± 10 4.20 ± 0.05 4.09 ± 0.05

139 ± 10 50 ± 10

204 ± 10 38± 10

4.18 ± 0.05 4.06 ± 0.05

4.18 ± 0.05 4.06 ± 0.05

4.18 ± 0.05 4.06 ± 0.05

4.17 ± 0.05 4.02 ± 0.05

4.17 ± 0.05 4.03 ± 0.05

4.18 ± 0.05 4.05 ± 0.05

222 ± 10 34 ± 10

194 ± 10 32 ± 10

100 ± 10 61 ± 10

10 ºC 20 ºC 

10 ºC 20 ºC 50 ºC 
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Rapid cooling of the equilibrium liquid of isotactic polypropylenes (iPP) to ambient 
temperature results in formation of a semi-mesomorphic superstructure in which amorphous 
phase and mesophase coexist in a metastable arrested equilibrium. The mesophase 
irreversibly transforms on heating into monoclinic structure, which frequently has been 
analyzed for the iPP homopolymer by temperature-resolved X-ray techniques. We extended 
the previous work about the solid–solid phase transition of the homopolymer to random 
copolymers of propylene with 1-butene since it was found by analyses of (i) the density, (ii) 
melting temperature of the mesophase by fast scanning chip calorimetry, and (iii) X-ray 
scattering that 1-butene co-units are incorporated in the mesophase on structure formation at 
rapid cooling. As a consequence, it was assumed that the transition into monoclinic structure 
in random copolymers occurs at lower temperature than in the homopolymer. The figure 
below shows 2D X-ray images of iPP and copolymers of propylene with 6 and 11 mol-% of 
1-butene (iPP-But.6; iPP-But.11), collected on heating of samples with an initially semi-
mesomorphic structure. Comparison of the pattern, taken at identical temperature of e.g. 
78°C, indicates that crystalline reflections appear at lower temperature in case copolymers, 
confirming an effect of constitutional chain defects on the stability of the mesophase. The 
research performed contributes to further understanding of the process of structure formation 
and properties of the important class of polyolefin materials. 
 

 
 
Figure 1: 2D WAXS images of iPP with 0, 6 and 11 mol-% of 1-butene, taken as a function of 
temperature during continuous heating of semi-mesomorphic samples. 
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  The field of biomineralization aims at 
understanding how organisms exert control over 
inorganic material to build functional structures 
out of them such as bone, teeth and shells. 
Calcium carbonate is one of the most important 
inorganic building blocks found in mineralized 
tissues, especially among marine organisms [1, 
p.8]. The glycoproteins that can be found in 
association with the mineral are acidic (Asp and 
Glu-rich) and mostly in the β-sheet conformation 
[1, p.22].  Several experiments have outlined the 
central role they play in controlling mineral 
nucleation, orientation, polymorph selection and 
growth [2].  
 
  In the work we performed at DESY (on the 
BW1 line at HASYLAB), we used two peptides 
(12- and 11- amino acids long respectively) 
peptides called LSFD and LDFD, that exhibit the 
main features of proteins found in shell nacre. 
Their influence on CaCO3 growth was probed at 
the air-water interface. Grazing incidence X-ray 
diffraction (GIXD) allows us to track the 
template (protein) and mineral structure during 
the nucleation event [3, 4]. 
 
  In a typical experiment, the peptides were first 
spread at the air-water interface of a Langmuir 
trough.  The peptide organization at the interface 
is depicted in Fig.1: it is characterized by a 
transverse order ( due to hydrogen-bonds 
between adjacent peptides), and by longitudinal 
order, along the peptide axis.   
 
Mineralization was initiated by replacing the 
subphase with a supersaturated CaCO3 solution, 
prepared by mixing CaCl2 solutions (10-20 mM)  
with equal volumes of NaHCO3 (10-20 mM). 
We used a peristaltic pump to replace the fluid 
in the through without disturbing the monolayer.  

CaCO3 crystals nucleated at the air-water 
interface within 1 to 2 hours.  

Fig.1 The LSFD and LDFD peptides form stable β-sheets 
at the air-water interface characterized by a transverse (a) 
and a longitudinal (b) order., shown schematically in (c). 
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  The kinetics of crystal growth are depicted in 
Fig.2. The appearance of continuous diffraction 
rings indicate that CaCO3 nucleates as an 
unoriented 3D powder. The peak positions 
correspond to vaterite, the least stable polymorph 
of CaCO3.  Simultaneously, a few discrete 
diffraction spots of calcite appear. This indicates 
that the calcite crystals are oriented at the air-
water interface. It is interesting to note that we 
never observed calcite powder, implying that the 
calcite crystals are oriented from the moment they 
appear at the interface. There were fewer calcite 
spots under peptide sheets than without 
monolayer. 
 
  The inter-strand distance of the monolayer did 
not vary during the mineralization process (see 
insets in Fig.2), rejecting the idea that a β-sheet 
conformed protein might adapt to the growing 
mineral. The transverse order tend to decay over 
time, indicating possible adsorption of the peptide 
on the growing mineral. We further checked that 
this behavior was due to the growing mineral 
phase and not only pH or Ca2+ effects by 
studying the peptide order on NaHCO3 and CaCl2 
solutions. 
 
 In experiments performed in our laboratory, the 
peptides were found to significantly alter the 
morphology of the CaCO3 crystals and to enhance 
the proportion of vaterite over calcite: one 
plausible explanation would be that vaterite is 
formed first in all cases, in agreement with the 
Ostwald-Lussac law, but that the peptide monolayer 
prevents it from further transforming to calcite. The 
vaterite does not result from a templating effect of the peptide and the beta-sheet does not “adapt” 
to the forming mineral as suggested in the litterature [5]. 
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Fig.2 Kinetics of CaCO3 mineralization from a 10 mM 
solution under an LDFD monolayer after 25 (a), 100 
(b) and 260 min (c).  Axis scale is in . The three 
main rings correspond to the [110], [112] and [114] 
planes of vaterite. The inset shows that the 
monolayer is stable and that the interstrand-
distance doesn’t adapt to the growing mineral. The 
circled dot in (a) originates from an oriented calcite 
crystal.  
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The aim of the here described experiments was to determine the molecular weight distribution of 
highly branched polymers. The highly branched polymers were synthesized by self-condensing 
group transfer polymerisation. As Inimer (Initiator-monomer) was used 2-(2-methyl-
1triethylsiloxy-1-propenyloxy)ethyl methacrylate and tert-butyl methacrylate. The measured 
polymers had different molecular weights and different comonomer ratios γ=[M]/ [I], [M] stands 
for the monomer, [I] stands for Inimer monomer. 

The small-angle X-ray scattering (SAXS) measurements were carried out at the A2 beamline of 
DORIS III, HASYLAB at DESY, Germany. The wave length of the monochromatic X-ray was 
0.15 nm. The polymers were diluted in tetrahydrofuran (THF).  

Figure 1 shows the SAXS results of three samples with different apparent molecular weights 
between 18000 and 49000 g/mol and different degree of branching, i.e., in the range of 0.02 – 0.07. 
The SAXS patterns showed no structure. 
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Figure 1: SAXS profiles of three different highly branched polymers solved in THF. 
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Load-cycling Fatigue Tests of Microfibrillar Reinforced
HDPE/PA blends
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Experiment and Motivation. Time-resolved 2D SAXS measurements are repeated at HASY-
LAB beamline A2 during load cycling of polymer fibers with a a cross-bar speed of 0.5 mm/min
of the HASYLAB tensile tester. The wavelength of the X-ray beam is 0.15 nm, and the sample-
detector distance is 2542 mm. Scattering patterns are collected by a 2D detector (marccd 165;
mar research, Norderstedt, Germany) operated in 1024 × 1024pixel mode. During the deforma-
tion experiments, scattering patterns are recorded every 30 s with an exposure of 23 s. On the same
materials the results of simple straining studies (“straining until failure”) from 2008 have been pub-
lished [1]. Now load-cycling measurements of 2008 have beenrepeated, because a peculiar phase
shift between macroscopic and nanoscopic strain had been observed in the older measurements that
had to be verified.

Summary of Results. Between November 2008 and April 2009 the control program of the HA-
SYLAB tensile tester has been modified so that it is now possible to define the pre-straining branch
and the following cycling branches in one single script. In 2008 we had to define 2 scripts and had
to switch manually between pre-straining and cycling.

The phase-shift from 2008 is not verified. In several tests the behavior of the old control program
is simulated and the reason for the former artificial phase shift is found: When the central control
computer stops the measurement, only the recording of videosnapshots is stopped immediately,
whereas the recording of tensile data is continued until a new program segment is started. This
behavior leads to an artificial time-offset that causes the time-shift recorded in 2008. A paper
reporting first results of the new load-cycling study has been submitted [2]. Figures 1 and 2 show
the evolution of macroscopic and nanoscopic parameters forcycling about a low and a high pre-
strain, respectively. In the case of low pre-strain the material shows weak fatigue only, whereas
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Figure 1: HDPE/PA6 (80/20) cycled about low pre-strain
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Figure 2: The material in the high-cycling experiment is showing considerable fatigue

the same material subjected to a higher pre-strain shows very strong fatigue which can be easily
inferred from the decrease of the stress,σ , from cycle to cycle. In Fig. 2 the macroscopic strain,
ε, becomes negative after ca. 40 min. This observation may be explained by viscous flow of the
material. During the further course of the experiment (t > 80 min) this fatigue flow even causes
the sample to become slack. It bends in each cycle close to thelower dead centers. As a result, the
apparentε drops considerably. The reason is in the method of determination. As the fiducial-mark
grating is tilted with respect to the original direction of the fiber by an angleα, its lattice constant
Lm appears shortened toLm cosα with respect to the orientation of the static region in the video
that is evaluated to determineε. Additionally, in this region an artificial drop of the invariant Q
is observed. The reason is of geometric nature, as well. Herethe bent sample has moved out of
the X-ray beam. As a result, the values ofQ(t > 80min) cannot be discussed in terms of structure
evolution. Similar is valid forε (t > 80min) in the high-cycling experiment (Fig. 2).

No significant phase shift is observed betweenεnano, σ , and ε both for low pre-strain and for
high pre-strain. Thus, these quantities predominantly reflect the forced oscillation of the cross-
heads. On the other hand, for both pre-strains during the first cycles the nanoscopic strain,εnano, is
considerably lower than the macroscopic strain,ε. This observation shows that initially the elastic
modulus of the semicrystalline stacks is higher than that ofthe surrounding amorphous matrix.
Later, as the macroscopic relaxation starts in the high-cycling material, the nanoscopic strain of
the semicrystalline stacks is unaffected and keeps cycling. This shows that the viscous flow of the
material during stress relaxation is predominantly takingplace in the amorphous matrix that is far
away from the embedded crystallites.
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The islet amyloid polypeptide (IAPP) or amylin is a pancreatic hormone and crucially involved in 
the pathogenesis of type-II diabetes mellitus (T2DM). Aggregation and amyloid formation of IAPP 
is considered as the primary culprit for pancreatic ß-cell loss in T2DM patients. In this study, first 
X-ray reflectivity (XRR) measurements on IAPP at lipid interfaces have been carried out, providing 
a molecular level characterization of the first steps of the lipid-induced fibrillation process of IAPP, 
which is initiated by lipid-induced nucleation, oligomerization, followed by detachment of larger 
IAPP aggregate structures from the lipid membrane, and terminated by the formation of mature 
fibrils in the bulk solution. The adsorption process of IAPP at lipid interfaces in the absence and 
presence of negatively charged lipid has also been studied by complementary ATR-FTIR 
spectroscopic measurements. The morphological properties were followed by atomic force 
microscopy (AFM). Moreover, we show that the polyphenolic red wine compound resveratrol is 
able to inhibit IAPP aggregation also in the presence of aggregation-fostering negatively charged 
lipid interfaces, revealing its potential as a drug candidate for T2DM. 

 

 

 

 

 

Figure 1 
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Analysis of guanosine quadruplex formation and
elongation in dilute aqueous solutions
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G-rich DNA sequences containing runs of guanosines (G) can form four-stranded helical structures
[1]. These structures, named G-quadruplexes, are comprised of stacked tetrads; each of the tetrads
arises from the planar association of four guanosines by Hoogsteen hydrogen bonding. The poten-
tial biological role of G-quadruplexes stimulated investigation of their physico-chemical properties.
In particular, guanosine 5-monophosphate, d(pG), as well as short derivatives, were shown to as-
semble spontaneously in water into long molecular wires in the presence of monovalent cations (as
K+, Na+ or NH+

4 ) [2]. The wires comprise a large number of tetrads assembled in a tetra-helix
fashion and not covalently connected to one another (see Figure 1).

a

b

c

d

Figure 1: d(pG) aggregates in water (the sugar-phosphate residues and the cations are represented as yellow
and green spheres, respectively). (a) guanosine molecule; (b) G-quartet (top and lateral views); (c) G-octamer
(lateral view). The cation is located between two stacked quartets; (d) G-quadruplex (lateral view).

Besides their biological relevance (G-quadruplexes forming sequences were found at the ends of
chromosomes in the so-called telomeric regions, in transcriptional regulatory regions in several
oncogenes, in immunoglobulin heavy chain switch regions, in some promoter regions and so on
[1]), guanine tetrads have drawn attention in the nanotechnology field. They were in fact proposed
as building blocks of molecular nanowires for nanoelectronics [3], as the large number of stacked
tetrads provides better conditions for π-overlap compared to the base-pairs of the canonical double-
stranded DNA and higher structural rigidity and stability under various conditions.
For d(pG), the self-assembling mechanism is a complex process, that proceeds hierarchically [2, 4]
(see Figure 1). In a first step, four guanosine molecules bind to form a planar disk-shaped aggregate,
the G-quartet. Next step is the vertical stacking of the quartets, stabilized by attractive π − π
interactions and by the coordination of the oxygen atoms in the central cavity of two adjacent
tetramers by the proper cation [4]. This process starts with the formation of a dimer of tetramers
(G-octamer), and is followed by the formation of higher aggregated states (G-quadruplexes). The
final step is the formation of cholesteric and hexagonal lyotropic columnar phases [5].
Recently, the self-assembling of d(pG), ammonium salt, has been studied by SAXS, both in the
presence and in the absence of excess potassium [6]. A global fit analysis showed that the pro-
cess is strongly modified by K+, in full agreement with previous results [7]. The experiments,
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Figure 2: SAXS profile exempla. Bottom line, from the left: d(pG) sodium salt in NH4Cl 0.2 M, d(pG)
ammonium salt in pure water, d(pG) ammonium salt in NH4Cl 0.06 M. Top line, from the left: d(pG)
sodium salt in NH4Cl 0.5 M, d(pG) ammonium salt in NH4Cl 0.02 M, d(pG) ammonium salt in NH4Cl 0.2
M. cd(pG) = 8% w/w. Temperatures are indicated in the legend.

performed as a function of d(pG) concentration, showed that self-assembling only occurs above a
critical guanosine concentration, while the length of quadruplexes increases with increasing con-
centration. Indeed, very long aggregates form in the presence of excess K+, even below the critical
concentration [6].
The analysis has been extended in 2009, investigating by SAXS at Desy (A2 beamline) the alkaly
cation effects on d(pG) quadruplex elongation and thermal stability. Experiments have been per-
formed as a function of d(pG) concentration using different d(pG) salt forms and different excess
counterions (namely, d(pG) sodium salt in NaCl solution, d(pG) potassium salt in KCl, d(pG) am-
monium salt in NH4Cl). A few results are reported in Figure 2 and clearly indicate that the structural
properties of the d(pG) aggregates in solution strongly depend on the experimental conditions.
A preliminary analysis, based on the determination of the size and the equilibrium concentration
of the different aggregate forms present in solution, shows that not only elongation is differently
driven by the different cations (excess potassium is the more efficient, while excess sodium is
unable to force quadruplex formation), but also the unfolding temperature strongly depends on the
concentration of the counterions.
As a final result, we expect to derive a complete description of the d(pG) self-assembling process,
in the framework of nucleation-elongation thermodynamical models. All these information will be
used to further clarify the complex mechanism for helix formation, which is critically related to the
biological relevance of G-quadruplexes and to the possibility to prepare stable G-based molecular
nanowires for nanotechnology applications.

References
[1] S. Burge et al., Nucl. Acids Res. 34, 5402 (2006).
[2] P. Mariani et al., In ”Crystallography of Supramolecular Compounds”, Tsoucaris and At-

wood Ed.s, Kluwer Academic Publ. (1996).
[3] A.B. Kotlyar et al., Adv. Mater. 17, 1901 (2005).
[4] C. Detellier and P. Laslo, J. Am. Chem. Soc. 102, 1135 (1980).
[5] H. Franz, F. Ciuchi, G. D. Nicola, M. Morais and P. Mariani, Phys. Rev. E 50, 395 (1994).
[6] P. Mariani et al., J. Phys. Chem. B 113, 7934 (2009).
[7] L. Spindler et al., Eur. Phys. J. E 13, 27 (2004).

-499-



NK-lysin Derived Peptides Induce Cubic Phase 
Formation in Model Membrane 

 
A. Rzeszutek1, M. Golub1, E. Rzeszutek1, S.S. Funari2, B. Kloesgen3 and R. Willumeit1 

1GKSS Research Center, Max - Planck - Str. 1, 21502 Geesthacht, Germany 

2 HASYLAB, Notkestrasse 85, 22603 Hamburg, Germany 

3MEMPHYS - Center for Biomembrane Physics, University of Southern Denmark, Campusvej 55, 5230 Odense, 

Denmark 

 

NK-lysin is a membranolytic polypeptide isolated from the porcine NK-cells. The syntethic peptide 
NK-2, derived from the core region of NK-lysin, exhibits a very good activity against Gram-
negative and Gram-positive bacteria, fungi and protozoa, but does not show any toxic effect toward 
human cells [1]. NK-2 was used as a template to obtain new active peptides. The first important 
mutation consisted in the substitution of cysteine by serine and resulted in the peptide named 
NKCS.  All subsequent modifications were based on Monte Carlo modeling.  

NKCS is a peptide composed of 27 amino acids, adopting a structure of two α-helices separated by 
a short flexible region. The shorter versions of this peptide - representing the N-terminus and the C-
terminus helices - were synthesized and named NKCS-K17 and NKCS-15-27, respectively. The 
antibacterial assay revealed the differences in the activity of these two NKCS analogs against 
Escherichia coli. NKCS-K17 showed the minimal inhibitory concentration value (MIC) comparable 
to the parental peptide NKCS, however NKCS-15-27 appeared inactive. 

The molecular details of interactions between NKCS-peptides and the cytoplasmic membrane of E. 
coli were studied using the Small Angle X-Rays Scattering (SAXS) method. The lipid 1,2-
dipalmitoleoyl-sn-glycero-3-phosphoethanolamine (DiPoPE) was chosen to mimic the bacterial 
membrane. The liposomes with the final lipid concentration of 25 mg/mL were prepared by the 
hydration of DiPOPE films with the sodium phosphate buffer (10 mM, pH 7.0) at 30°C. The 
peptides were added to obtain the final lipid:peptide molar ratio 100:1 and 300:1. The 
measurements were performed at the Soft Condensed Matter Beamline A2. The samples were 
heated up at the rate 1°C/min from 30°C to 70°C.  

The results showed that active peptides NKCS and NKCS-K17 induced the formation of a cubic 
phase during the process of heating. The inactive peptide NKCS-15-27 promoted the cubic structure 
at a very high concentration corresponding to the lipid:peptide molar ratio equal 100:1, however 
this phase was not observed at the lipid:peptide molar ratio 300:1. The analysis of diffraction 
patterns revealed that this new structure consisted of two coexisting cubic phases. The reflections 
found in the ratios 1/√2, 1/√4, 1/√6, 1/√8, 1/√10, 1/√12, 1/√14, 1/√16 corresponded to Im3m phase 
with a lattice spacing 15.08 nm. The reflections observed in ratios 1/√2, 1/√3, 1/√4, 1/√6, 1/√8, 
1/√9 were assigned to Pn3m phase with a lattice spacing 11.47 nm. 

The formation of cubic phases by the antimicrobial peptides can be linked with the mechanism of 
their membranolytic activity. It is suggested that the cubic structures lead to the destabilization of 
the lipid bilayer by accumulating much more lipids per area unit than in case of bilayer structures. 
Moreover the bicontinuous cubic phases can support the creation of porous region and leakage of 
the cell content. Eventually the micellarization of the membrane can be also possible [2].  
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Figure 1. The diffraction patterns of pure DiPoPE and DiPoPE after the addition of NKCS at lipid:peptide 
molar ratio 100:1. The temperature of cubic phase transition is marked in purple. 

 

 

 

 

 

 

 

 

 

 

Figure 2. Diffraction pattern on DiPoPE mixed with NKCS at the lipid:peptide molar ratio 100:1 with 
indicated reflections for Im3m and Pn3m phases. 

Acknowledgements 
 
We would like to thank Gabriele Salamon, Farida Ali and Nadège Lambert-Benoit for the help 
during the synchrotron measurements and Dr. Francesco Dolci from JRC Petten for the discussion 
regarding the analysis of diffraction patterns. 
 
References 
 

[1] H. Schröder-Borm, R. Willumeit, K. Brandenburg, J. Andrä, Biochim. Biophys. Acta 1612, 164 
(2003)  

[2] E.F. Haney, S. Nathoo, H.J. Vogel, E.J. Prenner, Chem. Phys. Lipids 163, 82 (2010) 
 

0 ,1 0 ,2 0 ,3 0 ,4

4 0

6 0 ♦

♠

♠♠♠

♠
H

I I
H

I I

P n 3 m
♦

♠

♦♦
♦

♦

♦ ♦

D i P o P E  +  N K C S ;  1 0 0  : 1

In
te

ns
ity

s  ( n m -1 )

 7 0 °C

♦
Im 3 m

L αααα

H
I I

30°C

70°C
0,1 0,2 0,3 0,4

H
II

Lαααα

58°C

s (nm -1)

DiPoPE + NKCS; 100 :1

Q

30°C

70°C
0,1 0,2 0,3 0,4s (nm-1)

DiPoPE

Lαααα

H
II

-501-



SAXS Analysis of PS-b-PMMA Block Copolymer 
Films and Dispersions 

G. C. Louis,1 A. Boschetti-de-Fierro,1 Sérgio S. Funari,2 Volker Abetz1 

1 Institute of Polymer Research, GKSS Research Centre Geesthacht GmbH, 21502 Geesthacht, Germany 
2 HASYLAB at DESY, Notkerstr. 85, 22603 Hamburg, Germany 

 

 

The morphology of modified/unmodified silica incorporated PS-b-PMMA block 

copolymer (bcp) films and the nature of dispersions of silica nanoparticles after several 

modifications steps were studied by means of SAXS. The experiments were carried out at 

the A2 beamline of DORIS III, HASYLAB at DESY, Germany. 

The mol fractions of the respective blocks in PS-b-PMMA (SM110) were ФPS = 0.528 and 

ФPMMA = 0.472 with a net molecular mass of 110 K. The films were cast from chloroform 

under controlled conditions. The final thickness was in between 0.5 and 0.7 mm. The 

resultant film was vaccum dried for a period of 48 h and then annealed at 165 0C under 

vaccum for overnight. For the scattering experiments, a 2D SAXS detector was used with 

a sample to detector distance 2850 mm and the wavelength was set to 1.5 Amstrongs. All 

the measurements were carried out at 25 0C.The periodicity of lamellar structure of the 

vaccum annealed bcp film calculated from the TEM analysis was 49 ± 4 nm and the 

respective block thickness are dPS = 27.3 nm and dPMMA = 21.2 nm. Polystyrene (PS) can 

be seen as the dark phase in the TEM image (Fig.1b).The periodicity calculated from 

SAXS was 52.3 nm.  

Figure 1 shows the SAXS patterns obtained for vaccum dried bcp film, incorporated with 

pristine silica particles (dSi =12 nm, SM110Si12) and PS grafted silica with a molecular 

weight 47 K (PS47, dav= 86 ± 4 nm calculated from dynamic light scattering, DLS). The 

SAXS image of vacuum dried SM110 film shows that the morphology is not well defined. 

The later data of vacuum annealed films incorporated with unmodified and PS grafted 

silica are more defined. TEM images show the aggregation with unmodified silica 

particles where as the PS grafted silica particles tends to occupy in the PS matrix of PS-b-

PMMA bcp (results not shown). 
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Figure 1. (a) vaccum dried SM110 (*), annealed bcp film with 1 wt %of Si12 particles, SM110Si12 
(o), annealed bcp film with 1 wt % of PS47, SM110PS47,(◊) and (b) TEM image of vaccum 
annealed SM110 film. 
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It is quite common situation that polymers can exist in several crystallographic modifications. The 

possibility of mutual transitions in multiphase polymer systems leads to the very complex process of 
crystallization. To our knowledge the recent model developed in our group by Ziabicki [1] is the first 
successful attempt to describe physically the process of multiphase transitions. However there are still a lot of 
unsolved problems in the field of polymer crystallization including polymorphs. Up to date there is still 
discussion on the mechanisms of polymorphic transitions in polymers. Apart from the nucleation mechanism 
as analogous to the direct crystallization from the liquid state, there is also possibility of indirect transition via 
an intermediate disordered phase as well as direct rapid transition through the cooperative motions of atoms. 
The knowledge of the mechanism and kinetics of polymorphic transitions is necessary for proper modeling of 
multiphase transitions, including also industrial processes.  

 
EXPERIMENTAL 

Isotactic polypropylene (i-PP), Himont, Mw = 476*103, Mn= 79*103, isotacticity index 0.96, 
poly(vinylidene fluoride) (PVDF) Kynar 880N (Pennwalt Corp.), Mw=400*103, Mn=149*103, and linear 
high density polyethylene (PE) with Mw = 437⋅103, Mn= 16⋅103 were investigated..  

 The main aim of investigations is the analysis of mechanisms and kinetics of polymorphic 
transitions in polymers. The data will be compared with the results of numerical simulation based on the 
model of multiphase transitions developed recently by Ziabicki [1]. Additional results obtained on PE as well 
as on i-PP and PVDF in the temperature range of one polymorph, only, were used as supplementary data for 
preliminary testing of the new light depolarization setup for phase transitions analysis, including polymorphic 
transitions [2]. 

Wide- (WAXS) and small angle (SAXS) X-ray scattering experiments were performed at the Soft 
Condensed Matter Beamline A2 at the Hamburg Synchrotron Radiation Laboratory (HASYLAB) at the 
German Electron Synchrotron (DESY) in Hamburg. The monochromatic radiation of wavelength, λ = 0.15 
nm was used. Two-dimensional detectors covering the small angle and the wide-angle diffraction regions 
were used. The angular range 2θ of registration was 0.01 – 1.8o for SAXS and 9 – 27o for WAXS. Profiles of 
intensity vs. 2θ were obtained by averaging two-dimensional images in the range of 20o of azimuthal angle 
using dedicated software “a2tool” accessible at the HASYLAB Beamline A2. The time of registration was 
between 5 and 11 s. The primary beam intensity was measured by an ionization chamber and the scattering 
intensity was normalized by dividing it by the intensity of primary beam. The spatial calibration for SAXS 
detector was done using rat tail tendon and for WAXS  using PET film standards. 

Our results show that in the case of i-PP, isothermal crystallization in the temperature range between 
118oC and 128oC leads to the formation of β phase in addition to the dominant α modification (Fig. 1). The 
analysis of thermodynamic parameters leads to the conclusion that β phase in i-PP is a metastable phase and 
appears due to kinetic reasons [3]. We have determined the kinetic curves of α and β crystallization at various 
temperatures; an example is shown in Fig. 2.  
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Fig. 1. An example of synchrotron WAXS profiles of i-PP registered during crystallization at 116oC. The 
arrow shows 300 reflection from β phase.  

 
Fig. 2. An example of WAXS crystallinity determined for isothermal crystallization of i-PP at 116 oC. 

 
Despite the fact that at particular temperature there is large scattering of kinetic curves depending on 

a sample investigated, the general observation is that kinetic curves of formation of α and β crystals in i-PP 
cannot be described by sigmoidal function as it is usually found in simple crystallization involving single 
solid phase. The peculiar shapes of kinetic curves observed experimentally indicate a complex nature of 
phase transitions from amorphous phase. Some of the kinetic curves indicate a local maximum for β content 
followed by acceleration of α formation. The detailed look reveals that the amount of β modification in the 
early stages of the process is relatively high suggesting that in the initial period of time, β form is created 
faster than α form. At longer times, reduction of the contents of β phase and increase of that of α phase 
suggests “β” → “α” transition. Quantitative analysis of the complex nature of phase transitions during 
isothermal crystallization is in progress.  
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ASAXS study of CdS nanoparticles synthesized in
surfactant-water system
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Biological systems, more precisely biological membrane-mimetic systems like vesicles, can be
used as nanoreactors to synthetize nanoparticles. We have shown that CdS particles of 5 nm charac-
teristic diameter can be formed in the gaps between stacks of bilayers inside multilamellar vesicles
providing a new pathway in the preparation of nanoparticles. Here, we show that the production of
nanometer-scaled CdS particles can be carried out in a non-ionic surfactant-water system utilizing
the versatility of the phase behaviour of this binary system.

The non-ionic surfactant Synperonic A7 (ICI product, Brussels, B) consists of 66 % C13 and 34 %
C15 alkyl chains. The ethoxylation process yields a wide distribution of poly(ethylene-oxide)
chains, therefore only the average ethoxylation number can be given, which in the case of A7 is
7.3. The prepared sample contained 80 % (w/w) surfactant and 20 % (w/w) distilled water. Before
mixing the surfactant with water, it was heated up to about 60 ◦C, to decrease its viscosity and to
make homogenization easy. To yield a bubble-free sample, it was stirred intensively for 30 minutes
and centrifuged at 3000 min−1 for 3 min. Then the mixture was left to cool to room temperature
and was stored for a one-week period before the measurements.

Our CdS nanoparticles were synthesized in this surfactant-water system. The structure of this
nanoreactor depends on the concentration of the components. For example, around 70 w/w % the
mixture exhibits lamellar (L) structure, and 90 w/w % surfactant produces the so-called inverse
hexagonal (HI) form [1].

To characterize the produced nanoparticles, Anomalous Small-Angle X-ray Scattering experiments
were made at Beamline B1. The raw data was analyzed and the scattering curves were normalized
into absolute intensity units.

The small-angle scattering curves of the as-prepared A7/water mixture, A7/water/Cd(NO3)2 and
A7/water/CdS samples are displayed in Fig. 1 for both lamellar and inverse hexagonal phase.

The behaviour of both phases are the same. Addition of Cd(NO3)2 does not destroy the structure,
only a slight perturbation of the periodicity can be observed. However, the last step of the synthesis
gives rise to a strong small-angle scattering signal, which indicates the presence of (nano)particles
in the system

Scattering curves recorded from A7/water/CdS system at different photon energies are plotted in
Fig.2, for both the lamellar and inverse hexagonal system, along with the difference of the curves
measured at the lowest and highest energies.

The SAXS curves look much alike to each other. However, a closer look at the beginning of
the curves reveal a the separated curve is nonzero, peaks caused by the matrix disappear almost
completely, and small-angle scattering of the CdS becomes more expressed. This is in concordance
with the fact that the main scattering contribution of the A7/water matrix cancels out, it is only
present in the form of cross-terms.
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Figure 1: SAXS curves. Left: Lamellar system. Right: Inverse hexagonal system.
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Figure 2: ASAXS curves. Left: Lamellar system. Right: Inverse hexagonal system. Insets: the small-angle
scattering regime

Using at least three photon energies would allow for extracting the pure resonant part: the scattering
contribution of only the Cd. However, to be able to calculate this precisely, the actual anomalous
scattering factors (f ′(E) and f ′′(E)) for the sample must be known. The determination of these
values is based on measuring the transmission (eµd) of the sample vs. the photon energy, and
applying the Kramers-Kronig relations.

We thank Stephan V. Roth from the MINAXS beamline for borrowing the used Pilatus300k detec-
tor.
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 Carbon nanotubes (CNTs) due to their relatively high surface to volume and aspect ratio, 
extraordinary mechanical properties, low density and their superior thermal and electrical properties 
[1-3] are recognized as an as an ideal reinforcement for polymer nanocomposites. As the 
mechanical properties of the polymer composites are influenced by their morphology and 
crystallization behavior [2] and the incorporation of the CNT plays a significant role in that, it is 
very important to characterize the crystallization and melting behavior of the CNT-filled polymer 
nanocomposites, both for optimizing the processing conditions and for realizing potential 
applications of the CNT. It is known, that in many polymer systems after introduction of carbon 
nanotubes the increase in crystallization temperature, enhancing in nucleation density and in some 
causes reduction of crystallization time was observed [4-5]. 

 In the present report, the structural change occurring in the cooling process of 
poly(trimethylene terephthalate) (PTT) and poly(trimethylene terephthalate)/single wall carbon 
nanotubes nanocomposites (PTT/SWNT) from the molten state has been investigated by carrying 
out the temperature dependent measurements of small-angle X-ray scattering (SAXS) and wide-
angle X-ray scattering (WAXS). PTT nanocomposites containing 0.1, 0.3, 0.5 wt % of SWNTs 
were prepared by using in situ polycondensation method. SAXS and WAXS experiments were 
preformed at beamline A2 of HASYLAB/DESY. Non-isothermal crystallization was studied at 
cooling rate of 3 oC/min in temperature range from 250 oC to 25 oC.  

 It was found that the SAXS long spacing and the WAXS diffraction peaks appear at the same 
temperature, revealing that the predominant growth mechanism of this process is nucleation and 
crystal growth but not density fluctuations. Besides, the temperature variation of different structural 
parameters (long period, peaks intensity, lamellar thickness) was comprehensively analyzed. Figure 
1 presents SAXS information on the nonisothermal crystallization of PTT (a) and PTT 
nanocomposite (b) containing 0.5 wt % of SWNTs. The PTT/SWNT nanocomposite starts to 
crystallize at higher temperature (187 oC) than net PTT (178 oC). As can be seen on Figure 2a, for 
all nanocomposites the values of long period at high temperature interval are higher (L: 145-159Å) 
than for net PTT (140Å), these can be attribute to a thickening of the crystalline lamellae. However 
at low temperature intervals and at room temperature all nanocomposites (except 0.3 wt% of 
SWNTs) have higher values of long period 108 Å than net PTT (103Å). Different behaviour of the 
nanocomposite with 0.3 wt% of nanotubes can be a result of nonhomogenous (formation of CNTs 
aggregates) distribution of CNTs in PTT matrix. The WAXS curves of nanocomposites shows that 
some of the peaks associated to the crystalline lattices of PTT become sharper for PTT 
nanocomposites containing 0.3-0.5 wt% of SWNT in comparison to the net PTT. The increase of 
intensity of peaks corresponding to PTT reflection planes of ( )010  and ( )210  for these 
nanocomposites was observed. Based on these results it can be concluded that in these 
nanocomposites lager crystals can be formed with thicker lamellae. 
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Figure 1: Nonisothermal crystallization of PTT (a) and PTT/SWNT nanocomposite (b) with 0.5 wt % of  
     SWNT followed by SAXS intensives at selected temperatures. SAXS intensities are presented as 
a      function s (nm-1). 
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Figure 2: a) Dependence of long period (L) with time/temperature during nonisothermal crystallization form 
     the melt. b) WAXS patterns of PTT and PTT/SWNT nanocomposites at 25 oC. 

The measurements were done using the beamtime of the Proposal I-20090074. 
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Phase Transition of Flatly Adsorbed Polyelectrolytes: 
From Disordered to Two-dimensional Lamellar Phase 
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We study experimentally the adsorption of polyelectrolytes onto an oppositely charged surface. 
Theoretical calculations predict that the polyelectrolytes may order in a two-dimensional lamellar 
phase, the polymer chains run parallel and do not overlap [1]. Until recently, for polyelectrolytes 
with a persistence length of a few nanometers, only a laterally disordered flat adsorption layer has 
been observed [2]. Recently, we observed the two-dimensional lamellar phase [3]. 

An insoluble monolayer at the air/water interface is used as a charged surface, since in this case the 
surface charge and the lipid phase (fluid or ordered) can be controlled by adjusting the molecular 
area. In this work we use monolayers of the saturated double-chain amphiphiles DODA 
(dioctadecyldimethylammonium bromide) interacting with the strong polyelectrolyte PSS 
(poly(styrene sulfonate)). The two-dimensional lamellar phase is studied with GID (Grazing 
Incidence Diffraction) experiments at BW1, in the liquid surfaces set-up (cf. Fig. 1). Varied is the 
molecular weight of the PSS (i.e. the length of the stretched chain, the contour length is varied 
between 50 and 16,500 Å). We are interested in the energy necessary to align the chains. 

Figure 1: Wide and small angle GID study of a DODA monolayer on a subphase containing 10-4 mol/L PSS 
(with respect to the monomer concentration). The measurements are taken at the DODA molecular areas 
indicated in the isotherm. The peaks at low Qxymeasure the separation of the aligned PSS chains, those at 
high Qxy the structure of the alkyl tails of the lipid monolayer. Measurement (a) is taken in the fluid phase 

(no ordered alkyl tails), (d) and (e) are taken in the phase with ordered alkyl tails. (b) and (c) are taken in the 
coexistence region: two different low angle peaks are observed, one attributed to the aligned PSS chains 

beneath the fluid lipids, the other (with a second maximum at high Qz) beneath the ordered lipids [3]. 

Bragg peaks are caused by flatly adsorbed, aligned PSS chains are observed, when DODA is in the 
fluid and also when it is in the condensed phase (cf. Fig. 1). The molecular DODA area and the area 
per PSS monomer are compared. We find that charge compensation in the two-dimensional 
lamellar phase is never achieved, in agreement with theoretical predictions [1]. 
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Isotherms are measured with the same PSS concentration in the subphase (cf. Fig. 2). It is 
interesting to note that the PSS chain with the shortest length LK (50 Å) leads to the highest surface 
pressure, the system appears fluidised. On increase of the contour length of the PSS the surface 
pressure decreases, for contour lengths exceeding 960 Å saturation is achieved. By measuring the 
isotherms at different temperatures, the transition enthalpy of the fluid/condensed phase transition 
of the lipid can be determined (the alkyl chain ordering transition). It is found that it exhibits a 
maximum for contour lengths of 80 Å (cf. Fig. 2, centre). This maximum can be understood by 
considering the GID diffraction peaks such as those shown in Fig. 1. For PSS chains with the 
contour length 50 and 80 Å no diffraction peak is observed when the DODA is in the fluid phase. 
However, always the two-dimensional lamellar phase is observed when the DODA is in the 
condensed phase. This can be understood if the separation of the aligned PSS chains is considered: 
for DODA in the fluid phase the PSS separation is big, on monolayer compression it decreases 
from 65 to 40 Å. However, for the DODA in the condensed phase, much more PSS is adsorbed and 

Figure 2, left: Isotherms of DODA with flatly adso

the chain separation decreases from 28 to 24Å.  

rbed PSS (T = 18 C, PSS concentration is 10-5 mol/L, 
with respect to the monomer concentration), varied is the contour length L  of the PSS. Centre: Transition 

S

a  
t  

For the very short PSS chains at low surface (i.e., when the DODA is in the fluid phase), 
the chain separation (45 to 60 Å) is very similar to the chain length (50 to 80 Å). Obviously, at this 

nd discussions with Burghardt 
Dűnweg are acknowledged. 
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disordered, and are only aligned on monolayer compression. If the chains are long (100 to 16 500 Å), they 
re already in the two-dimensional aligned phase even if their surface coverage is low. The maximum in the
ransition enthalpy is attributed to the disorder/order transition of the longest PSS chains which undergo this

transition. 

 coverage 

low surface coverage the rotation entropy of the electrostatically stiffened chains [1] favours a flatly 
disordered adsorbed phase (cf. Fig. 2, right). Only when the surface coverage is increased, it is 
energetically more favourable to form the two-dimensional lamellar phase. Therefore, the 
maximum in the transition enthalpy observed with the isotherms, is attributed to the disorder/two-
dimensional lamellar phase of the longest PSS chains (LK = 80 Å) which undergoes this transition. 
If the chains are longer, only the chain separation decreases on monolayer compression, this needs 
much less energy. Probably, for chains with a length exceeding 200 Å, some sort of equilibrium is 
achieved, because the isotherms show no longer a dependence on the contour length. Furthermore, 
the transition enthalpy is constant for PSS lengths exceeding 200 Å. 
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Dual Detector micro-XRF Cryotomography and  
Mapping on the Model Organism Daphnia magna. 
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The recent availability of a cryostream cooler at beamline L has allowed synchrotron radiation 
based micro-XRF analysis of frozen biological samples close to their native state. In a previous 
contribution, we compared the elemental distributions within a hydrated (frozen) and a fixed 
(dehydrated) Daphnia magna, which is a freshwater crustacean used in toxicological research as a 
model organism for evaluating effects of metals on the ecosystem. Although hydrated samples 
show less dislocation of elements and/or sample contamination as compared to fixed samples, they 
are mainly composed of a water matrix, which is more susceptible to absorption effects of low 
energy X-rays. Therefore, we investigate the degree of absorption in 2D/CT micro-XRF elemental 
maps of Daphnia magna using a dual silicon drift detector (SDD) setup. 
 
Fig. 1 shows a photograph of the experimental setup used for performing 2D/CT micro-XRF on 
Daphnia magna under cryogenic conditions. The SR-XRF spectra were measured under 90° 
detection angle relative to the incident beam using 2 Vortex-EX SDD detectors, coupled with a 
XIA digital signal processor. Silver detector collimators of sufficient solid angle were used in order 
to detect the fluorescent radiation emerging from the full beam path within the sample. Both 
detectors were gain optimized and their sample distance was adjusted providing an identical XRF 
spectrum for NIST SRM1577B (Bovine liver). Since icing can occur on objects outside the path of 
the laminar flow, a single bounce capillary with a large working distance was used providing a 15 
µm FWHM pencil beam. 

Figure 1: Overview of the experimental setup. 
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Fig. 2 (left part) shows the results when performing 2D micro-XRF on Daphnia magna under 
cryogenic conditions using a dual detector configuration. The left column shows the elemental 
maps built from the spectra collected by the SDD located on the left with respect to the incident 
beam (looking at the front part of the sample), while the middle column shows the elemental maps 
built form the spectra collected from the SDD on the right (looking at the back part of the sample). 
The elemental maps are composed of 158 x 130 pixels corresponding to a step size of 20 µm and a 
real measuring time of 0.6 seconds. A clear advantage of the dual detector setup is that the partial 
self-absorption influencing the lower Z elemental maps (e.g. P, S, Ca) can be investigated. For 
example, Ca-Kα fluorescent photons originating from the edge of the sample are unable to travel 
through the entire organism towards the detector on the far side; however they do escape from the 
sample towards the other detector. Surprisingly, also Fe- Kα is partially absorbed, e.g. in the region 
of the eggs for the left detector and in the region of the gut for the right detector. For elements such 
as Cu, Zn, Rb and Sr no obvious self-absorption could be observed. However, also these elements 
benefit from a dual detector setup since the collected fluorescent signal is effectively doubled, 
which in turn allows the reduction of scanning time by a factor of two per sample. The elemental 
distributions originating from the left and right SDD detectors can be summed to provide elemental 
maps for metals with low fluorescent energies, which are to a large extent corrected from self-
absorption effects occurring in the sample.  

Fig. 2 (right part) shows a single virtual cross-section of Daphnia magna reconstructed from the 
elemental sinograms. Using a symmetric dual-detector arrangement, a rotation angle of 0-180° is 
sufficient, decreasing either the measuring time, improving the reconstruced resolution due to the 
finer angular step-size that can be chosen for a given total analysis time. When the sinograms 
originating from the individual detectors are reconstructed, approximately only half of the Ca 
containing exoskeleton can be reconstructed. However, the summed sinograms provide a full 
reconstruction for the Ca distribution within the sample. Also here, some absorption effects can be 
observed for the virtual cross section of Cu and Zn which are largely corrected when using the data 
originating from both detectors. 

Figure 2: separate and summed elemental distributions from a cryogenically frozen Daphnia magna as 
collected by both silicon drift detectors (left). Reconstructed cross section of the separate and summed 
elemental sinograms collected from both detectors (right). RGB image shows the presence of Cu, Zn and Rb. 
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M. Alfeld, K. Janssens, A. Sasov
1
, X. Liu

1
, A. Kostenko

2
 and K. Rickers-Appel

3
 

Department of Chemistry, University of Antwerp, Universiteitsplein 1, 2610 Antwerp, Belgium  

1 SkyScan, Kartuizersweg 3B, 2550 Kontich, Belgium 

2 Department of Imaging Science and Technology, Delft University of Technology, Lorentzweg 1, 2628 CJ Delft, The 

Netherlands 

3 HASYLAB, DESY, Notkestraße 65, 22607 Hamburg, Germany 

Energy dispersive CCD cameras have been developed already some years ago [1]. These cameras 
have until now found only very limited application in X-ray imaging via Full Field XRF (FF-XRF) 
beyond measuring reference materials [2,3,4]. In FF-XRF the sample is excited with a broad X-ray 
beam and the resulting fluorescence radiation emitted by the sample is projected on the energy 
dispersive CCD camera. In our experiments we used a set-up based on the camera obscura 
principle. The fluorescence radiation emitted by the sample was projected through a lead pinhole 
with a diameter of some tens of micrometers on the energy dispersive CCD camera. In this set-up 
each fluorescent photon is detected separately by one of the camera pixels. The position of detection 
on the CCD and the energy are saved. The set-up has been described in the literature [5].  

In Figure 1 the distribution of Pb on an archaeological glass shard, decorated with Pb-containing 
glass paint is shown. The good agreement of the elemental map acquired with µ-XRF with the one 
acquired with FF-XRF demonstrates the validity of the method.  

One of the shortcomings of the camera is the incomplete charge collection in the CCD camera and 
the insufficient rejection of multi pixel events. This results in a significant tailing of the peaks 
overlapping with lighter elements as can be seen in Figure 2. This tailing leads to significant 
background problems in region-of-interest (ROI) imaging. In Figure 3 the results of the 
measurement of a car paint cross section are shown. In Fig. 3c one can see, that Cr is found in all 
layers due to the tailing of Fe, even though Cr was just found in layer 2 by scans via µ-XRF and µ-
XRD as can be seen in Fig. 3d.  

Another limitation of the set-up is that the CCD chip is only a few tens of micrometers thick. Thus 
its efficiency for absorption of X-rays is relatively low (around 10% at 10 keV), resulting in an 
unsatisfactory sensitivity at higher energies. The combination of low sensitivity and high 
backgrounds leads to limits of detection of the set-up that are situated in the percentage range: e.g. 
for Cu in glass, a value of 1.5 % w/w was obtained.  The spatial resolution was found to be around 
40 micrometer when a pin hole of 25 µm diameter was employed.   

It can be concluded that FF-XRF is a promising technique that might find widespread use, provided 
the limitations of the camera related to the high background and the low sensitivity can be 
overcome.   

 
Figure 1: Example 1: Archeological glass shard. a) is the distribution of Pb on the surface determined with 

FF-XRF at HASYLAB. b) is the distribution of Pb determined in the laboratory via scanning µ-XRF. c) 

optical photograph of the surface of the shard with the Pb containing paint indicated by the red boxes. 

a) c) b) 
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Figure 2: XRF spectra of the glass shard shown in Figure 1 obtained via (a) an SDD detector (60 s live time) 
and  (b) by means of the CCD camera (summation of 300 exposures of 2 s each). 

 

  
 

Figure 3: FFXRF imaging of a car paint multi layer sample, viewed in cross section. (a) Thickness and 

composition (as determined by XRD) of each layer; (b)  RGB image of elemental distributions recorded via 

FF-XRF. (red: Fe, green: Cr, blue: Pb); (c)  horizontal distribution of elemental intensity obtained by 

integration of image (b) in vertical direction; (d)  equivalent µ-XRF scan for comparison.  
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White beam x-ray absorption anisotropy probed with
fluorescence yield
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X-ray absorption anisotropy (XAA) is an evolving atomic resolution imaging method. It is based
on the analysis of the angular fine structure in x-ray absorption, which results from incident beam
diffraction [1, 2]. For broadband polychromatic hard x-ray illumination, due to the suppression of
higher order diffraction fringes, significant anisotropy in absorption is only found close to directions
of the incident radiation coinciding with inter-atomic directions. Thus, for a polychromatic x-ray
beam, XAA patterns can be interpreted as distorted real-space projections of the averaged local
atomic structure around absorbing atoms.
XAA pattern can be analyzed using a tomographic algorithm which allows for a direct three-
dimensional imaging of a unit cell [3]. Very recently spherical wavelet transform was applied
for analysis of XAA images [4]. The wavelet approach provides projections of the local structure
of absorber atoms with depth resolution and does not depend on the translational long range order.
Until now all XAA experiments were performed using a white synchrotron radiation from bending
magnets and using the total electron yield to probe the x-ray field amplitude at the sites of absorbing
atoms. Though, the total electron yield allows to efficiently detect the small XAA signal (the XAA
signal is of the order of 10−4-10−3 of the total absorbtion) it does not provide chemical selectivity.
In this work, the use of an intense hard x-ray wiggler allowed us to record white beam XAA signal
using characteristic radiation i.e x-ray fluorescence.
The experiments were performed at BW5 beamline at HASYLAB for a LiNbO3 single crystal with
(001) orientation. The hard x-ray wiggler delivered polychromatic beam having an effective [5]
radiation spectrum with mean energy E0 ∼ 70 keV and width ∆E ∼ 30 keV. XAA patterns were
measured by rotating the sample relative to the incident beam direction around two axes. The Nb
Kα,β fluorescence was measured using an APD photodiode. Thought the energy resolution of APD
is only moderate it allowed us to separate x-ray fluorescence from elastic and Compton radiation.
Figure 1 compares XAA pattern recoded for LiNbO3 crystal with quantitative simulations.

Figure 1: White beam X-ray absorption anisotropy for a LiNbO3 crystal. (a) Experiment. (b,c) Simulation.
All patterns are presented in a stereographical projection.
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Figure 2 shows projections of local atomic structure i.e images of Nb atoms obtained from the
experimental patterns using a wavelet filter.
XAA provides information that is complementary to x-ray absorption fine structure (XAFS), which
is a powerful tool for the determination of local interatomic distances. However, in order to effi-
ciently apply the proposed method to chemically resolved x-ray imaging, there must be experimen-
tal progress made on the detection of characteristic radiation with much better energy resolution.
In future, the radiation from PETRA III damping wigglers could drastically improve the spatial
resolution of XAA and allow to study diluted systems.
The access to synchrotron was supported by DESY and the European Community [RII3-CT-2004-
506008 (IA-SFS)].

Figure 2: Projections of local atomic structure: wavelet filter of experimental XAA pattern from Figure 1.
(a) Gray scale image. (b) Contour plot. All the visible maxima correspond to images of Nb atoms in the
local structure. The angular and intensity scales are exactly the same as in Figure 1.
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In situ characterization of polymer nanostructures 
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In a new method we expand the possibilities of the surface sensitive scattering method grazing 
incidence small angle x-ray scattering (GISAXS), by the integration of imaging ellipsometry [1]. 
GISAXS allows the investigation of nanostructures with high statistical relevance, and probes not 
only surface structures but also buried structures. As both methods, imaging ellipsometry and 
GISAXS, offer the opportunity for in-situ measurements, the full advantage of the combination of 
GISAXS and imaging ellipsometry arises for kinetic studies where the influence of external 
parameters like temperature, gas pressure, pH or ion concentration on the morphology is followed. 
Correspondingly, processes can be investigated simultaneously with the two independent methods 
GISAXS and imaging ellipsometry.  

 

Figure 1: Ellipsometer installation at GISAXS beamline BW4: (left) photograph of set-up and (right) sketch 
with accentuation of some functional parts.[1] 

After some modifications, the imaging ellipsometer SPEM, a single wavelength (532 nm) 
instrument, of Nanofilm Technologie GmbH, was installed at the beamline BW4 at HASYLAB 
(DESY, Hamburg) as shown in figure 1. The concept of the combined instrument is that the sample 
is placed horizontally (xy plane) on the alignment stage of the ellipsometer. After ellipsometric 
alignment and measurement with a lateral resolution of 1 µm the desired incidence angle for the x-
ray beam is set by tilting the whole ellipsometer including the laser arm and the detector arm using 
a 2-circle segment. The orientation of the sample with respect to the laser beam is not affected by 
this procedure. In the performed experiment, the sample-to-detector distance was set to 2.089 m 
and a beamsize of 24 µm x 42 µm focused on the sample position was used. Most of the x-ray 
flight path was covered with evacuated flight tubes except for the sample position to freely move 
the imaging ellipsometer. Once the sample was aligned correctly on the ellipsometer, ellipsometric 
measurements were possible, independent of any operational x-ray scattering experiment. The 
changing of the angle of incidence of the x-ray beam has no influence on the ellipsometer 
measurements since the ellipsometer is moved always as a whole in the x-ray beam. A singular 
calibration of the instrument is necessary to ensure that the laser beam and the x-ray beam cross 
each other at one known point on the sample surface. That means one has to match the central 
position in the field of view of the ellipsometer when the sample surface is in focus with the 
position where the x-ray beam hits the surface. For a first coarse adjustment thin films of polymer 
material especially sensitive to x-ray radiation damage turned out to be very suitable because it was 
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possible to directly follow the foot print of the x-ray beam in the ellipsometer images during any 
movements. In a second step a higher precision in the calibration procedure was achieved with the 
use of lithographic channel structures. Due to the used channel structures it was possible to correct 
for small deviations in the y-position and to precisely align the 90° angle arrangement between x-
ray and laser beam installed. In the GISAXS experiment the scattering patterns are strongly 
influenced if the x-ray beam does not hit the lithographic channel structure in parallel. An 
alignment precision of better than 0.01° was achieved.  

 

Figure 2: In situ experiment of a drying droplet of nanosphere dispersion a optical images recorded with 
ellipsometer b 2D GISAXS pattern with starting time of data acquisition, <0 denotes the substrate before 

droplet deposition. 

One investigated example application is the ordering of polystyrene nanospheres. The drying of a 
drop of monodisperse polystyrene nanosphere dispersion on a rough substrate is followed in situ 
with the combination of imaging ellipsometry and GISAXS.  

The rough substrate is established by dewetting of a thin film of a diblock copolymer. The height of 
individual islands of the dewetted structure was determined as (120 ± 30) nm with imaging 
ellipsometry. In figure 2a the images of the substrate before droplet deposition (<0 s) and at various 
times after droplet deposition captured with the ellipsometer are shown. The corresponding 2d 
scattering patterns are shown in figure 2b denoted with the time when data acquisition was started. 
With droplet deposition the surface of the drop is vaguely pictured on the optical image and the 
corresponding scattering intensity is very low in comparison to the substrate before droplet 
deposition. Due to the distinct curvature of the droplet in the first 1000 s of the drying process a 
grazing incidence condition is not fulfilled for the x-ray beam hitting the surface of the drop. Only 
weak intensity is displayed on the detector because the large droplet volume absorbs strongly the 
transmitting x-ray beam. With further evaporation of the dispersant water the thinning of the liquid 
layer with dispersed nanospheres can be followed by the appearance of Fizeau fringes in the images 
taken with the ellipsometer (figure 2a; 1320 s). The corresponding scattering pattern shows an 
increasing intensity close to the direct beam. With further thinning the layer is translucent and the 
island structure of the substrate is visible on the images taken with the ellipsometer (figure 2a; 
1650 s). The ordering of nanospheres is evident not before 1980 s, when the scattering pattern 
evolves (figure 2a: 1980 s). The experiment shows that only after solvent evaporation the typical 
scattering pattern with a SAXS signal superimposed by the GISAXS signal does built up. 

Thus in summary, imaging ellipsometry was successfully operated in-situ with GISAXS. This 
combination will be implemented in the new MINAXS instrument at PETRAIII. 
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Improvements of the experimental setup for real 
space residual stress determination using beam 

limiting masks and the X-ray camera MAXIM 
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Residual stresses may have beneficial or detrimental influences on the mechanical properties and 
lifetime of technical components since they have to be superimposed to load stresses [1]. Due to 
that reason their determination and assessment is essential for many engineering applications. 
Widely used methods for the evaluation of residual stresses are X-ray diffraction techniques. 
Conventional Laplace methods thereby determine mean stress values within the X-ray penetration 
depth τ. In case of small variations of the residual stresses over τ, the discrepancies between real 
space stresses σ(z) and the measured ones σ(τ) are negligible. This assumption usually does not 
hold when determining stress in depth distributions of e.g. surface treated alumina samples where 
steep stress gradients can often be observed. For bulk specimen an inverse Laplace transform of the 
discrete data can be accomplished however the transformation could yield erroneous results in 
particular for scattering experimental data. 

The use of highly absorbing beam limiting masks can be a suitable way to overcome these 
problems as long as in the irradiated volume, defined by the mask design, no significant change of 
the residual stress state occurs. The idea for such masks was theoretically described by Predecki [2] 
in 1993. The practical implementation led to the conceptual design of one mask for each 
measurement depth and tilt angle ψ [3]. Experiments carried out at DESY during the last years 
could demonstrate that the procedure is able to detect interferences from gauge volumes beneath 
the sample surface for defined slit geometries [4] and motivates further improvements of the 
measurement technique. 

 

Figure 1: Sketch of the positioning stage for sample and slit mask used for experiments with the X-ray 
camera MAXIM at beamline G3 (left). The sample oscillation beneath the slit mask yield a significantly 
more homogeneous diffraction pattern compared to measurements without oscillation (right). 

The determination of stress distributions using absorbing masks is mainly dependent on a sufficient 
grain statistic. This typically interferers with the small dimension of the gage volumes and requires 
a strategy to enhance the number of reflecting crystallites which reduce intensity spots from large 
grains e.g. by lateral movement or wobbling. Therefore an accurate sample adjustment could be 
realised by a 5-axes positioning stage featuring precise micrometer skews. A Sketch of this device 
is shown in Figure 1 (left). For the experiments a deep ground alumina ceramic was used which is 
well characterised concerning its residual stress state. The measurements at the {116} reflection of 
the alumina were carried out at the HASYLAB beamline G3 using monochromatic synchrotron 
radiation equivalent to CoKα1. The beamline is equipped with the position sensitive CCD camera 
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MAXIM – featuring a resolution of 1 Megapixel – which applies a Multichannel-plate (MCP) for 
two-dimensional collimation of the diffracted beam [4]. The CCD-MCP-system provides a spatial 
resolution down 13 micron/pixel which is necessary due to the narrow slits in the masks. The 
camera images with sample oscillation clearly show the slit structure of the masks by crystallites 
which fulfil Bragg condition (see Figure 1). For measurement without oscillation the slits can also 
be recognized however the pattern is much less homogeneous. 

 

Figure 2: Principle data handling of the MAXIM images: Each pattern a) is initially integrated over the 
y-axis b), followed by a background subtraction c). The integral intensity of c) which derives from a certain 
depth in the material is calculated for every 2θ-angle (red mark) by x-axis integration d) thus a diffraction 
peak results. 

With the described setup a series of measurements in different depth beneath the samples surface 
was carried out. In Figure 2 the resulting image of a 2θ-scan in the topmost surface layer and the 
subsequent data treatment is shown. Background subtraction and integration over both pixel axes 
for each 2θ-angle yield the interference of the {116} lattice planes. To analyse the depth depen-
dence of the strain the gauge volumes were scanned through the immediate surface layer down to 
25µm by z-axis movement of the stage. It points out that the peak position and thus the strain is 
only a weak function of depth since it remains almost constant. This is probably caused by the large 
height of the used gauge volumes compared to the steepness of the present stress gradient. Beside 
the peak positions their integral intensities were calculated and compared with simulation results, 
where the decrease of intensity clearly correlates with the X-ray attenuation with increasing 
measurement depth. The recent results and comparable ones published in [4] reveal that the method 
is able to achieve information from defined depths in a sample material. 

We thank HASYLAB at DESY for beamtime and the beamline scientists Jörn Donges and André 
Rothkirch for assistance during and after our experiments. 
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Parameters of a high spatial resolution CCD detector 
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For different applications like absorption tomography, or alignment and characterisation of 
(nanofocusing) optics, high spatial resolution detectors are mandatory and the readout time has to be 
as short as possible. A CCD based camera system with a microscope setup, which enables three 
different magnifications, was selected for beamline P06. The system has been assembled, 
implemented in Online and characterized. 

The pco4000 CCD camera has 4008x2672 pixels with 9x9 μm2 pixel size and an unbinned readout 
time of 0.2 s [1]. The microscope system from Optique Peter [2] permits the use of three different 
objectives, in our case 4x, 10x as well as 20x. Together with the 2.5x magnification of the eyepiece, 
this results in total magnifications of 10x, 25x and 50x. Hence, the system can have an effective pixel 
size of 0.9x0.9μm2, 0.36x0.36μm2 or 0.18x0.18μm2. For the conversion from X-ray to visible light a 
single crystal YAG:Ce scintillator with a thickness of 10 μm was used. The theoretical calculation of 
the achievable spatial resolution depends on the scintillator thickness and the numerical aperture of 
the objectives and is given in [3].  

The measurements were carried out at beamline L. A test pattern with grids in horizontal and vertical 
directions [4] was used to determine the spatial resolution. The pattern has a variable spacing from 
0.5 μm to 8 μm, which permits a direct measurement of the contrast loss (see Fig.1). This sample was 
located at different well-defined distances in front of the detector to consider the divergence of the beam (see 
Fig.2). 

The Point Spread Function PSF is the response of the detector to a point like narrow beam (delta 
function). The PSF affects the contrast of the image versus the spatial frequency of the sample. The contrast 
ratio of output modulation Mout (detector) to input modulation Min (sample) is called the Modulation Transfer 
Function MTF. The MTF is the absolute value of the Fourier Transformation of the PSF (equation (1)) [5]. 

 
(1) 

 

Assuming that the PSF is a Gaussian distribution, the MTF will be a Gaussian distribution, too: 

 

           
(2a, b)

 

=>

in which k = 2π·lp, where lp is the spatial frequency given in line-pairs per mm. So, a wide PSF will 
lead to poorer contrast at high spatial frequencies. The evaluation was done with IDL software: a 
Gaussian curve was fitted to the MTF to determine the standard deviation σ. The results are given in 
table 1, whereby PSFscreen is the PSF full width at half maximum of the screen alone, i.e. when the 
PSF of the pixel size has been deconvolved. Additionally, the effective pixel sizes and the resulting 
field of views are given. 

magnificatio
n eff. Pixel size PSF (FWHM) PSFscree

n (FWHM) Field of view 

10x 900nm 1,5μm 1,3μm  3.6mm x 2.4mm 
25x 360nm 1,3μm 1,2μm  1.4mm x 1.0mm 
50x 180nm 1,0μm 1,0μm  0.7mm x 0.5mm 

 

Table1: Parameters of the detector system at different magnifications. 
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Figure 1 top left: Structures of the XRADIA test pattern. 
Figure 1 top right: Microscope image of XRADIA test pattern with 1000x magnification 
Figure 1 button: Detail of XRADIA test pattern with the camera system at 50x magnification. 

 

 

 

 

 

 

 

 

 

 
Figure 2: Experimental setup for the spatial resolution measurement. 

 

 
References 

[1] http://www.pco.de/fileadmin/user_upload/db/products/datasheet/pco4000_20080805.pdf  
[2] http://www.optiquepeter.com/fr/applications-synchrotron.php 
[3] Marco Stampanoni, Gunther Borchert, Peter Wyss, Rafael Abela, Bruce Patterson, Steven Hunt,      Detlef 

Vemeulen, Peter Rüegsegger. NIM A 491 (2002) 291-301. 
[4] http://www.xradia.com/products/xray-optics/resolution-targets.php 
[5] H.H. Barrett, W. Swindel. Radiological imaging, Volume1, Academic press of the university of Michigan 

(1981). 

-523-



Laterally Inhomogeneous Self-Ordered Structures on 
Surfaces Investigated by GISAXS Microtomography  

M. Kuhlmann1, J. M. Feldkamp2, S. V. Roth3, M. M. Abul Kashem3, A. Timmann3, R. Gehrke3, 
M. A. Ruderer4, M. Rawolle4, P. Müller-Buschbaum4, C. G. Schroer2 

1ALBA Synchrotron Light Facility, Carretera BP 1413, E-08290 Cerdanyola de Vallès, Barcelona, Spain 
2Institute for Structural Physics, TU Dresden, D-01062 Dresden, Germany 

3HASYLAB at DESY, Notkestr. 85, D-22607 Hamburg, Germany 
4Physikdepartment E13, Technische Universität München, D-85747 Garching, Germany 

Grazing-incidence small-angle x-ray scattering (GISAXS) is a standard tool for the analysis of 
surfaces and thin layers containing nanometer-sized structures. In order to obtain a two-dimensional 
map of their local morphology, we performed GISAXS microtomography on dried drops of 
colloidal suspensions. In particular, we investigated the self-organization of drying suspensions of 
TiO2 on polyethylene surfaces. Hierarchically structured titania films and their mesoporous 
structure on the nanoscale have a large variety of applications, e. g., in photovoltaics, 
photocatalysis, and gas sensing. They are prepared by combining sol-gel chemistry with an 
amphiphilic diblock copolymere as a structure-directing agent. The sample presented here is a dried 
drop of nanostructured titania (TiO2), consisting of a sponge-like structure with an expected pore 
size of 30 - 40 nm. Figure 1(a) shows an optical micrograph of this laterally inhomogeneous sample. 
Prior to depositing the drop, the Si substrate was spin coated with the same solution.   

GISAXS microtomography is ideally suited to investigate the local structure of such an 
inhomogeneous object. The feasibility of this method was recently demonstrated [1,2] with 
polystyren nanoparticles of well-known sizes [3]. It was developed based on a similar tomographic 
reconstruction technique for small-angle x-ray scattering (SAXS) that has been demonstrated on 
injection moulded polyethylene, collagen fibres, nanoporous glass, and freeze-dried biological 
samples [4,5,6]. While for SAXS tomography the kinematical theory of diffraction can be applied 
in most cases, the interpretation of GISAXS patterns relies on the distorted wave Born 
approximation (DWBA). In general, GISAXS data does not allow for tomographic reconstruction. 
However, for example, a tomographic reconstruction is possible for films with a local fibre texture 
about the surface normal. In this study, we derived a method to verify the validity of a tomographic 
reconstruction [1] [Fig. 1(b)]. For green pixels in Fig. 1(b), the tomographic model is consistent, 
while for yellow and red pixels the tomographic reconstruction is not possible due to a low signal 
or inconsistencies, respectively.    

The experiment was performed at beamline BW4 [7]. The sample was scanned in 73 translational 
steps of Δy = 25 µm each and 113 rotational steps over 180°, recording at each position of the scan a 
GISAXS pattern with t = 3 s aquisition time [2].  

 

 

 

 

 

 

 

Figure 1: (Color) (a) Optical micrograph of the dried drop of nanostructured titania. (b) Consistency check of 
the tomographic data set as described in [1]. 

(a) (b) 
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Figure 1: Figure caption goes here. 

 

 

 

 

 

 

 

 

Figure 2: (Color) Example data analysis of a GISAXS microtomogram [1]. (a) Reconstructed GISAXS 
pattern with marked line scan. (b) The peak position and (c) the peak intensity along this line scan at each 
position in the drop. (d) Reconstructed GISAXS patterns of at the positions (i), (ii), and (iii) shown in (b).  

The resulting tomogram consists of 74 x 114 = 8436 GISAXS patterns recorded with a mar165 
detector. The incident angle was set to αi = 0.3° and the sample-to-detector distance was 
LSD = 2101 mm. Figure 2 shows a typical example of how the tomographic GISAXS data are 
analysed. Figure 2(a) displays one of the 5476 single reconstructed GISAXS patterns. From these 
patterns, certain features can be extracted for detailed analysis, e. g., the position and intensity of a 
side lobe of the GISAXS pattern along the line scan shown in Fig. 2(a). These two quantities are 
mapped as a function of position in the drop in Figure 2(b) and (c), respectively. In addition, the 
full GISAXS data is available at each location in the drop, as shown in Figure 2(d) for three 
locations pointed to by the arrows in Fig. 2(b). Four complete tomograms of dried drops of 
nanostructured TiO2 were recorded and are currently evaluated. 

This experiment successfully concludes the methodological developments of SAXS and GISAXS 
microtomography at BW4.  
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In-situ studies of thin film growth with Quick scanning 
EXAFS in grazing incidence configuration 

D. Lützenkirchen-Hecht, J. Stötzel, R. Frahm 

Bergische Universität Wuppertal, Fachbereich  C -  Physik, Gaußstraße 20 ,42097 Wuppertal 

 
Quick-scanning X-ray absorption spectroscopy (QEXAFS) is an invaluable tool to study in situ 
dynamic processes, e.g. in the fields of chemical/biological reactions, catalysis, surface structure 
formation, phase transitions and corrosion/combustion experiments. The advances with a recently 
developed, cam-driven monochromator set-up enables stable operation of the monochromator with 
an acquisition time of only some few milliseconds for XANES studies and 50 ms for EXAFS 
spectroscopy (e.g. [1-3]). In this case an excentric drives a rocker stage with the monochromator 
channel cut crystal and the cooling system attached. The design of the developed monochromator is 
compatible with the high heat load from undulators at third generation synchrotron radiation 
sources. The channel-cut crystal can be indirectly cooled with liquid nitrogen to avoid thermal 
effects, and the temperature of the first crystal is typically about 100 K [1,2]. The latest 
improvements of this monochromator are related to the installation of a fast angular encoder which 
is capable of a Bragg angle measurement with arcsecond resolution within less than about 5 μs for 
each data point [4]. The angular resolution of the new encoder system is about 0.031 arcseconds. 
Using Si(111) monochromator crystals, this value is equivalent to energy steps of only 0.0074 eV 
at 10 keV photon energy. The readout of the Bragg-angle data is synchronized with the absorption 
data, resulting in a precise value of the Bragg angle for each of the data points, i.e. a 
straightforward XANES or EXAFS analysis is possible. 

Up to now, transmission and fluorescence mode detection experiments have been performed, 
however, one advantage of the Quick-EXAFS method is its compatibility to the grazing incidence 
geometry allowing surface sensitive EXAFS studies also (see e.g. [5-7]). Combining grazing 
incidence EXAFS experiments with the fast scanning capabilities of the new monochromator, thus, 
studies of surface phenomena on a sub-second time scale are feasible. Therefore we have installed 
our compact monochromator at the BW1 beamline at HASYLAB, in order to study the growth of 
thin film during sputter deposition in situ. For these experiments, the radiation from the X-ray 
undulator was guided to the reflectometer with the sputter chamber by two large Au-coated mirrors 
as schematically shown in the inset of Fig. 1. The mirrors limited the energy range for the 
experiments to about 11.8 keV. The reflection mode EXAFS data were measured in-situ in the 
vicinity of the Cu K-edge during the sputter deposition of thin Cu-films in an Ar atmosphere. An 
eccentric cam with a scan range of about 1800 eV was used with a repetition rate of 0.1 Hz, i.e. 5 s 
for each spectrum. Some typical reflection mode data measured during the sputter deposition are 
presented in Fig. 1(a). While the uncoated glass substrate shows a low reflectivity of about 10% 
only, a thin Cu film of less than 2 nm thickness corresponding to 15 s of sputtering causes a strong 
increase of the reflectivity to about 80% below the edge, and the Cu K-edge can easily be identified 
at ca. 8980 eV photon energy.  

The Fourier-transforms of the extracted reflectivity fine structure oscillations are presented in 
Fig. 1(b). Here, it can be clearly seen that the FT data of the thin film are very similar to that of a 
Cu-metal reference foil measured in transmission after about 50-60 s of sputtering corresponding to 
a film of about 5-6 nm. However even for thinner films, the leading peak at about 2.3 Å radial 
distance typical for an fcc Cu-Cu nearest neighbor environment is well developed, suggesting that 
small metallic copper crystallites are formed during the sputtering processes. Those results clearly 
support the findings of previous investigations obtained during the sputter deposition of Cu [8]. 
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However, those experiments were performed on a step by step basis, i.e. the sputter deposition 
process was interrupted to perform the X-ray experiments, in contrast to the continuous deposition 
in parallel with the X-ray measurements used here. Therefore, the results presented here give clear 
evidence that the growth mode of the Cu thin films is not substantially affected by the use of a 
stepwise deposition scheme with several pauses, as may be expected from thin film growth theory 
(see e.g. [9, 10]). 
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Fig. 1: (a) Time-resolved reflection mode EXAFS investigations during the sputter deposition of thin Cu 
films on a glass substrate using the new QEXAFS monochromator. The experiments were performed at the 
BW1 beamline at HASYLAB, where the X-ray beam from the undulator source was guided to the QEXAFS 
monochromator by two mirrors as schematically shown in the insert. The repetition rate of the experiment 
was 0.1 Hz with a scan range of about 1800 eV, and the measurement time for the shown data corresponds 
to about 4.2 s for each spectrum of 1500 eV scan range. (b) Magnitude of the Fourier-transforms of the k3-
weighted reflectivity fine structure ΔR(k)*k3. For comparison, the FT of a Cu-metal foil is also shown, 
however the scale of this FT is normalized to fit the FTs of the reflectivity data (Data are not phase-shift 
corrected; k-range for the FT 1.8 Å-1 < k < 11.8 Å-1). 
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A Compact Soft X-Ray Spectrograph Combining High
Efficiency and Resolution
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Soft X-ray emission and scattering spectra are of great interest for various fields of physics. Possible
applications range from the investigation of liquid and solid matter electronic structure over lithog-
raphy and astrophysics to plasma diagnostics [1, 2]. In particular, plasma emission spectroscopy
has profited from the abundance of emission lines in the range from 2 to 35 nm motivating the con-
struction of advanced spectrographs (e.g. [3]). The advent of soft X-ray free electron lasers (FELs)
with the first of its kind in Hamburg (FLASH, DESY) opens this spectral range for applications
requiring higher intensity radiation. We focus on the realization of soft X-ray Thomson scatter-
ing investigating dense plasmas [2, 4–6]. With this technique, temperature, density and degree of
ionization of the plasma can be obtained via the spectral measurement of inelastic and elastic scat-
tering components of the probe radiation [7]. It demands sufficient resolution to discriminate the
different spectral contributions which is λ/∆λ ≥ 100 for experiments at FLASH [5]. More chal-
lenging, a high collection angle and efficiency of the spectrograph are required to overcome the
small total cross section for Thomson scattering (6.65 × 10−25 cm2). The greatest challenge is to
integrate all these requirements into a most compact spectrograph so that it can be attached to var-
ious experimental chambers. Compactness and versatility are also what commercial products fail
to offer. Therefore, a new spectrograph was designed which fulfills these requirements. This High
Throughput, High Resolution Spectrograph for Soft X-Ray Light (HiTRaX, fig. 1) has been tested
and calibrated using an open x-ray tube, the DORIS BW3 beamline and FLASH radiation [8].
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Figure 1: Three dimensional raytrace of the computer aided spectrograph design indicating various compo-
nents of the instrument in (right) and outside (left) of the manipulator.

The compact and light weight soft X-ray spectrograph covers 5−35 nm spectral range and employs
a toroidal mirror and a variable line space reflection grating. Considering the size of the instrument
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(43×46×47 cm3), a particularly large collection solid angle (1.9×10−3 sr) was achieved. Due to the
high efficiency of the components, the instrument can be used for the Thomson scattering diagnos-
tic. The instrument achieves a signal-to-noise ratio of 5 with a 13.5 nm source which isotropically
emits 2.5× 105 photons (fig. 2). A resolution λ/∆λ = 330 was measured at 21 nm using FLASH
radiation. The dispersion was calibrated at DORIS. The instrument is housed inside a DN 100 CF
ultra high vacuum manipulator which allows positioning relative to the source within ±5 mm and
±50 mm in X,Y and Z direction, respectively. It can be used with or without entrance pinhole
and is equipped with a motorized grating, a filter wheel with five filters, and a shutter. Altogether,
these features make the spectrograph a versatile instrument which can be employed in a variety of
physics applications such as line and bremsstrahlung spectroscopy or Thomson scattering. It has
already been applied in various experiments at FLASH [2, 6, 9] and will also be used in campaigns
at GSI and LCLS.
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Figure 2: Efficiency or reflectivity of the spectrograph components according to the vendor specifications
and the total efficiency of the optical elements (left), and the ratio of counts to isotropically emitted source
photons (right) for different analog to digital converter (ADC) settings.
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Window Materials for Simultaneous SAXS / FT-IR 

Measurements 

S. Raleva1 and S.S. Funari1 

1DESY / HASYLAB, Notkestrasse 85, 22607 Hamburg, Germany 

Small- and wide-angle X-ray scattering (SAXS / WAXS) experiments provide information on the 

structure of a material over a large size range, while Fourier-Transform Infrared Spectroscopy (FT-

IR) is sensitive to parameters which comprise information concerning the chemical state of the 

system and of the molecular conformations before larger scale structure formation becomes 

apparent. The simultaneous application of SAXS / WAXS and FT-IR can provide information on 

the structure of the samples formed, together with the chemical state of the sample in conjunction 

with a chemical reaction [1]. 

 

Sample thickness and window materials are important factors when performing the experiments in 

transmission geometry. The window material should not absorb the radiations and should not show 

a significant fingerprint in the measured spectra. Working in the mid-infrared range and using an X-

ray beam with a fixed wavelength of 1.5 Å diamond would be a suitable candidate for window 

material. To check that experimentally, we borrowed test mono- and polycrystalline diamond 

samples from different suppliers and performed both SAXS and WAXS experiments. 

 

SAXS patterns of polycrystalline diamond are shown in Figure 1. On this sample we detected 

inhomogeneities identified by measuring the sample in the different orientations. A detailed scan 

proved to be necessary prior to different sample measurements, in order to determine the specific 

background of a particular orientation. On the WAXS scattering patterns of these samples spots can 

be identified, showing crystalline defects. 

 

             
Figure 1. Left: Polycrystalline diamond. Note the large scattering near beamstop. Right: Sample rotated at 

90
o
 and measured at a different position. The strong scattering rotates by a different angle. Moreover, bright 

spots can be seen, but not on the first data collected. 

In Figure 2 are shown the scattering patterns measured from monocrystalline diamond, which show 

homogeneous distribution of the pattern in the SAXS image (left) and relatively smooth 

distributions of the pattern in the WAXS image (right). 
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Figure 2. Left: SAXS pattern of single-crystal CVD diamond. A homogeneous distribution of the scattering 

is observed. The distortions on the horizontal were caused by slits, not adjusted prior to the measurement, in 

order to identify the beam height on the sample. Right: WAXS pattern of the same sample measured at 

different position. It can be seen that despite some spots arising from crystal defects one has a relatively 

smooth distribution of the scattering. 

The results were confirmed by measuring samples from other suppliers. In conclusion, 

monocrystalline diamond can be used as window material. The next steps are the determination of 

the proper window, as well as the sample thicknesses. 
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The Max Planck Advanced Study Group (ASG) at the Center for Free Electron Laser Science (CFEL) has 
designed, commissioned and operated a general purpose imaging instrument (CAMP) [1] for experiments at 
4th generation light sources like the free-electron laser (FEL) in Hamburg (FLASH) or the LINAC coherent 
light source (LCLS) in Menlo Park, California.  
The setup is especially adapted for the integration of large-area, single-photon counting and photon 
integrating pnCCD detectors [2], developed by the Max Planck Institute Halbleiterlabor (semiconductor 
laboratory, MPI-HLL). Within the CAMP chamber these high dynamic range, position and energy 
resolving, broadband (50 eV–25 keV) X-ray pnCCD detectors can be simultaneously operated in a unique 
combination with advanced many-particle ion and electron imaging spectrometers (reaction microscope, 
REMI; velocity map imaging, VMI). The individual spectrometers cover close to 100 % of the 4π solid 
angle for the detection of electrons and ions and a large part of the full solid angle for photons making this 
combination ideally suited to perform coincidence experiments. Moreover, the whole CAMP setup supports 
the installation of a broad variety of target arrangements for the investigation of light interactions with 
atoms, (aligned) molecules and clusters, introduced by supersonic jets, as well as with bio-samples and 
nano-crystals provided by various types of injectors or mounted on fixed targets. 
In this contribution we present first results on the commissioning of the latest-generation pnCCDs under 
real FEL-radiation conditions. In general, such detectors are key devices required at, X-ray free electron 
lasers (FLASH, LCLS, SCSS, X-FEL) as two-dimensional focal plane instrumentation to perform X-ray 
imaging experiments for photons with energies between 0.1 up to 25 keV. The pnCCD-concept was first 
successfully exploited in the XMM-Newton X-ray satellite mission launched in 1999. Since then, this focal-
plane detector has been in continuous accurate operation in space delivering pioneering results in X-ray 
imaging and spectroscopy of stellar objects [3]. This detector is a 3-phase, back-illuminated charge coupled 
device with a fully depleted chip thickness of 450µm. Fast readout is accomplished by the parallel 
architecture of the device [2]. Unlike almost all commercially available CCDs, the pnCCD is a column-
parallel read-out CCD, thus omitting any serial registers. The active area of the detector is 58 cm2 (77 mm x 
77 mm) covered by equally spaced 1024 x 1024 pixels (pixel size 75 µm x 75 µm). 
During the commissioning experiments we intended to explore the detector characteristics and performance 
under realistic conditions. For example, the ultra-brilliant radiation of FLASH may deposit a large part of 
the single-pulse energy into the pnCCD-detector within a couple of femtoseconds with unpredictable 
consequences for the charge carrier transport in bulk silicon within the confinement of the pixel structure. In 
order to illuminate the whole detector in a well defined way we used pinhole masks, transmission-gratings, 
and double-slit arrangements, which in turn allowed us to simultaneously explore the transversal coherence 
properties of the FLASH beam itself. 
These performance studies turned out to provide valuable experience for the further optimization of the 
detectors, indispensable for applications at FEL X-ray sources, in particular for the first dedicated and very 
successful scientific measurements with the CAMP instrument at LCLS in the last weeks of 2009. 
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For the measurement of the transversal coherence properties of the FLASH beam we were using double slit 
arrangements with slit-spacings ranging from 50 µm to 500 µm. Figure 1 (a) shows the experimental setup. 
The distance between the slit positions and the detector was maximized to 9.5 meters in order to achieve the 
best possible resolution at a wavelength of 13.5 nm. An example of a recorded single-shot double-slit 
diffraction pattern is presented in Figure 1 (b). Projections of the two-dimensional intensity distribution 
along the x- and  y-directions are depicted at the top and the right for Figure 1 (b) respectively. If only tiny 
cuts of a few pixels are used for these projections the data can be fitted to the theoretical fringe pattern in 
order to deduce significant parameters like the degree of coherence or the coherence length of the radiation.  
In Figure 1 (c) preliminary results for the transverse coherence of the FLASH beam are displayed, extracted 
in the above-described way for the present experiment. Along the ordinate the value of the complex 
coherence factor is plotted as defined (as γ) in equation (4) of reference [4]. Three slit separations of 150 
µm, 300 µm and 350 µm have been preliminary evaluated. As expected, the degree of transverse coherence 
is a function of the slit separation. i.e. of the transversal distance along the wave-front between the two slits. 
So far, the present results fully confirm the conclusions drawn in [4] and are consistent with a transversal 
coherence length of σ = 450 µm as the comparison with theoretical predictions indicates (Figure 1 (c)). 
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Figure 1: (a) Experimental setup. The distance between the double slits and the detector surface is 9.5 
m. (b) Diffraction pattern of a double slit with 150 µm slit-spacing and a width of 10 µm for a single slit 
at a wavelength of 13.5 nm. The coordinates are in pixel units displaying only a quarter of the full 
detector. (c) Degree of coherence as a function of the slit spacing. The calculated red curve assumes a 
transversal coherence length of 450 µm. 
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Depth-resolved residual stress analysis of steel laser 

spot welds by using a conical slit system 
 

S. Frömbgen, T. Fischer, P. Staron and A. Schreyer 
 

Institute of Materials Research, GKSS Research Centre, Max-Planck-Strasse 1, 21502 Geesthacht 
 

Laser spot welding is used in industrial production processes, e. g. in the automotive industry. 
Through the focused laser beam very narrow welds can be generated, which have significantly less 
distortion than conventional welds using resistance spot welding. However, laser welds also contain 
residual stresses. Tensile residual stresses can increase the formation and growth of microcracks. 
This leads to a reduction in strength and lifetime of the workpiece.  
 
In this experiment the depth-resolved residual stress distributions in laser spot welds of steel were 
investigated. The laser spot welds had a thickness of 4 mm. To achieve a depth resolution a new 
conical slit system was used. The conical slit system consists of 7 slits, which belong to seven 
different diffraction angels from 5.5° to 14°. Due to the fact, that the diffraction angle is determined 
by the conical slit system a specific photon energy of about 64 keV is needed to examine steel. 
Figure 1 shows the experimental setup installed at the GKSS beamline HARWI II.    

  
Figure 1: Setup of the experiment [1]. 

The conical slit system was mounted on a hexapod. This ensured an optimal adjustment of the 
conical slit system, because the repeatability of the hexapod in the translation directions were ±0.5 
µm and in the rotational directions ±6 µrad. The focus length of the conical slit system was 100 
mm. As detector a MAR 555 image plate was used, which was positioned at a sample-to-detector 
distance of 775 mm.  
 
The depth resolution depends on several factors. On the one hand it depends on the diffraction angle 
and the slit width, which are dictated by the conical slit system. On the other hand it depends on the 
energy width and beam width. As a rule of thumb, the smaller the energy width and the beam width 
are, the better depth resolution is obtained. However, the beam width is limited by the available 
intensity.  
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Figure 2a:  Bending bar                                                                                                                                         
 
To demonstrate the depth resolution, a 
6mm thick steel bending bar was built 
(figure 2a). The measured residual 
stresses of this bending bar are shown 
in figure 2b. Due to the bending, the 
stress changes from tension on the top 
to compression on the bottom. The 
depth resolution is very well shown in 
the linear shape of the curve from 0.5 
mm to 4.5 mm. 
 
To investigate a laser spot weld, an entrance slit of 0.17*0.17 mm² was used. Thus, a depth 
resolution of 2.5 mm was obtained, which was sufficient to investigate the 2 mm thick top and 
bottom sheets of the laser spot weld separately. The pretzel laser spot weld had already been studied 
with neutrons, so that the two methods could be compared with each other. Figure 3 shows, that the 
neutron data and the photon data provide very similar results. The small differences are probably 
caused by the fact that different reflections were used for the analysis. The advantages of the 
synchrotron radiation compared to neutrons are faster measurements (14 hours compared to 2 days) 
and better transverse resolutions (about a factor  5–10 better).  

 

 
 
         Figure 3a: Residual stresses in top sheet                   Figure 3b: Residual stresses in bottom sheet 
 
References: 
 
[1] A conical slit for three-dimensional XRD mapping, S.F. Nielsen et al, 
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In previous experiments, a FF-XRF set-up had been installed and characterized at Beamline L of 
HASYLAB. This set-up is similar to the one described by Sasov et al. [1] for a laboratory sources and is 
based on the camera obscura principle; the sample is excited by a broad primary beam and the X-ray 
fluorescence image is projected through an Pb pin-hole on a CCD, that allows energy dispersive detection of 
the fluorescence photons. So the distribution of elements in a sample can be determined simultaneous in the 
whole sample, without moving it. 

To overcome the main limitation of the set-up, its limited sensitivity, different approaches were tried. 
Instead of a monochromatic radiation, as in the previous experiments, a white beam with a high-energy cut-
off above 30 keV by a Pt-mirror was used. The higher number of photons compared to a monochromatic 
beams between 15 to 30 keV led to a gain of roughly 500 in sensitivity. The cut-off was necessary for 
radiation protection reasons and to prevent that scattered high energetic photons overload the CCD camera.  

As an alternative to simple Pb-pinholes, polycapillary optics were used to project the fluorescence image of 
the sample on the CCD. Since the PCs used were designed for confocal XRF and not as imaging optics the 
results remained inferior to that of pinholes, but demonstrated, that polycapillaries can be in principle used 
as imaging optics in FF-XRF.  

The FF-XRF set-up is in practice inferior to scanning micro-XRF, but the advantage of simultaneous data 
acquisition, potentially making element specific movies possible, is worth to develop this method further. 

 

Figure 1: Ni-Kα Fluorescence image of a Ni-mesh with a wire diameter of 41 µm and a mesh opening of 
340 µm, acquired with a 25 µm diameter camera pinhole.  

M. Alfeld is a PhD student supported by the Research Foundation - Flanders (FWO). 
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The Tango system at HARWI II
L. Lottermoser and T. Lippmann

Institute of Materials Research, GKSS Research Centre, Max–Planck–Str. 1, 21502 Geesthacht,
Germany.

At the Engineering Materials Science Beamline Harwi II eachyear new experiments using various
available components and instrumentation of the beamline are planned, built up and performed.
The required beamline components can be divided up into several groups:

• complex instrumentation (e.g. diffractometer, tomography camera)

• single permanently installed devices, shared by the experiments (e.g. counter, timer, experi-
ment shutter, detector portal, etc.)

• devices, which can be selected by the user (e.g. Mar345 detector, Mar555 detector)

• devices for special experiments (e.g. hexapod for the conical slit system, dilatometer (planned))

While the large instruments use master control software (e.g. IDL for the tomography camera and
Spectra Online [1] for the diffractometer), for the additional devices the Tango system was chosen
[2].
Tango is an object–oriented distributed control system based on the software CORBA and has
various advantages:

• Each device is a separate logical unit and can be addressed independently of other software
running on the computer.

• The system can easily be supplemented by new devices.

• The software runs stable both under Linux and Windows operating systems.

• The system can easily be ported to other beamlines.

• Tango is wide–spread and supported both by the user community and by the laboratory staff.

Several prerequisites are necessary for a proper performance of a Tango device:

• The control software of the physical device must be equippedwith a user interface or at least
one free entry point.

• The mysql database must be available.

• Java 1.6 must be installed.

• Astor for the start and administration of the device is required.

• Jive is helpful for testing the device.

At the moment the two monochromators at the Harwi beamline are still controlled via a separate
Spectra Online one a separate computer. In future, these will also become Tango devices. Moreover,
additional components provided by guests will be added in close collaboration with the users prior
to the experiments. Finally, the system will also be implemented at the other GKSS beamlines.
We thank T. Kracht for implementing the standard Tango device server and many fruitful discus-
sions and J. Blume for Tango installations and maintenance.
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DPDAK: Directly Programmable Data Analysis Kit for 
Online Analysis of 2D Scattering Data 

G. Benecke1, C. Li2, S.V. Roth1, R. Gehrke1, A. Rothkirch1, T. Kracht1, O. Paris3, B. Aichmayer2, A. 
Gourrier2,4, M. Burghammer4, C. Riekel4 and P. Fratzl2

1 DESY, Notkestraße 85, 22607 Hamburg, Germany 
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3University of Leoben, Institute of Physics, Franz-Josef-Strasse 18, A-8700 Leoben, Austria 
4ESRF, 6 Rue Jules Horowitz, BP 220, 38043 Grenoble, France 

With modern area detectors (e.g. Pixel or CCD) on third generation SR-sources, frame-rates in the 
sub-second regime are not uncommon. Interactive experiment control by the user is frequently 
restricted to visual observation of the 2D patterns and - at best - tracking intensities in a pre-defined 
region of interest on the detector. Subtle changes of structural parameters of interest are, however, 
mostly not accessible this way, and the success (or failure) of an experiment is often discovered 
(months) later after detailed analysis of the data. It is therefore highly desirable that some simple 
but fast online analysis tools are available, allowing to classify the data e.g. for quality control and 
follow a number of parameters of interest predefined by the user as a function of the scanning 
parameters. The procedures imply typically some basic corrections (e.g. monitor correction of the 
intensity, background subtraction, etc.) and the extraction of scalar parameters from 2D patterns. 
These parameters should then be visualised in an efficient way (typically as an image or a profile in 
dependence on the scanning parameters) allowing an interactive experiment control by 
changing/adjusting the experimental protocol accordingly.  

The goal of the project is to develop a general purpose software platform for preliminary online 
analysis of large data sets resulting from high throughput scattering experiments using large area 
detectors at synchrotron radiation sources, starting from the beamlines Bw4/HASYLAB, 
mµSpot/Bessy and MiNaXS/Petra III. 

An important aim is that the platform should be independent of the beamline and/or experiment 
control software in order to be exchanged between different centres. Users should be able to use the 
software at their institutes. Therefore, the software package is developed as an open source project 
in Python and avoids commercial and license-based 
programs. 

The software is designed as a framework with an easy plugin 
interface. Plugins allow to extend the software with new 
procedures for collecting, processing and visualise data. 
Plugins are Python files loaded at runtime. They dont have to 
be integrated in the software. A simplified layout of a plugin 
is shown in Figure 1. The analysis depends on the selected 
plugins and their configuration. Each analysis can be saved 
and redone afterwards. Figure 2 shows a complete screenshot 
of a GISAXS analysis. 

DPDAK is currently under development. Most framework 
functionality is implemented and beta versions are tested. 
Plugins for rapid display of 2D scattering data, line, radial 
and azimuthal integration and plotting of parameters are 
included. Current aims in development are support for 
multicore CPUs and a more complex plugin configuration. Further analyses functions [1,2] will be 
included as new plugins. 

Figure 1: Valid DPDAK plugins 
have to fulfil a specification.   
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Figure 2: A GISAXS analysis of in-situ sputter deposition. 
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Intensity measurements with a Mar555 selenium flat
panel detector using 100 keV high–energy synchrotron

radiation

T. Lippmann

Institute of Materials Research, GKSS Research Centre, Max–Planck–Str. 1, 21502 Geesthacht,
Germany.

Since 2007 a Mar555 selenium flat panel detector is availableat the Engineering Materials Science
Beamline HARWI II [1], which works by the direct conversion of X–rays into electric charges [2].
As a consequence, the detector is characterized by a high spacial resolution and a fast read–out
time. Our detector was optimized for energies above 60 keV, i.e. the selenium layer, where the
charge carriers are created, has a thickness of about 500µm.
First tests of this detector at the beamline in 2007, however, showed that the large thickness had
a negative influence on the erasure procedure. The high–energy photons produce charge carriers
deep inside the selenium layer, which are difficult to extract during and after the detector read–out.
Consequently, illuminated pixels ’remembered’ the illumination in subsequent images. This lead
to ’ghost images’, which overlaid the new exposures and madea quantitative evaluation of the data
impossible [3].
Further tests performed at ID15 at the ESRF showed that this feature also negatively influenced the
flat–field correction and the linearity of the signal with respect to the primary intensity [4].
In order to check the signals more quantitatively tests on aCu2O single crystal were performed,
where precise intensities and structure factors measured using a Ge solid state detector are available
[5] and can be used as a reference.

Figure 1: Profiles of a reflection, where the intensity was recorded in two subsequent images.

Figs. 1 shows reflection profiles, where the intensity was recorded in two parts in two subsequent
frames but using the same detector pixels. The background near the peak in the first image is found
to be rather homogeneously, whereas the background near thepeak in the second image is reduced
due to a screening effect caused by remaining charge from thefirst illumination. Moreover, the
peak in the second frame itself was found to be too small, which consequently lead to a reduction
of the recorded partial intensity and thus to a wrong (i.e. too small) total intensity of the reflection
compared to symmetry–equivalent reflection intensities measured in a single frame.
In 2009 the erasure procedure was considerably improved by marresearch. Figs. 2 shows a spot
from the same crystal and again the intensity was partially recorded in two frames. In contrast to
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the earlier results the background close to the peak in the second image is now flat, the integrated
intensity is larger and the sum of two intensities is comparable to equivalent intensities measured
in a single frame.

Figure 2: Profiles of a reflection after improvement of the detector erasure procedure.

Further implications on the quality of the results
were found by evaluation of high–order reflection
intensities. Here, the combination of the Si/Ge gra-
dient monochromator crystals and the small point–
spread function of the detector leads to unusually
elongated reflection profiles (Fig.3), which could
not be correctly handled by the standard data pro-
cessing software. Thus, improvements of the data
processing is currently under progress.

Figure 3: Profile of a high–order reflection (2Θ≈ 12◦ ).

Comparison of the results with the reference structure factors showed additional discrepancies, but
these affect the data quality to a much smaller extent. If a detector correction according to that
proposed by Johnas [6] is necessary and possible, is currently also under study.
Numerous discussions with and help by J. Hendrix and many coworkers of the company mar-
research are gratefully acknowledged.
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Commissioning of a UHV-Diffractometer for the XUV 
Beamline of PETRA III 

M. Buchholz, C. F. Chang, C. Trabant and C. Schüßler-Langeheine 

II. Physikalisches Institut, Universität zu Köln, Zülpicher Str. 77, 50937 Köln, Germany  

We commissioned the new UHV-Diffractometer for the XUV-beamline of PETRA III using soft x-
rays from the DORIS BW3-beamline. The new instrument is suited for elastic soft x-ray scattering 
experiments including resonant diffraction and coherent diffraction. The main detector circle is a 
500-mm-ID differentially pumped rotary feedthrough, which allows for maximum flexibility in the 
detector setup. The instrument is equipped with a photo diode with variable slit, an in-vacuum CCD 
camera and a polarization analyser. By moving the detectors vertically, diffraction spots that are not 
in the scattering plane can be reached. The sample is mounted to a motorized manipulator with 
three translations and two rotations. The liquid-helium flow cryostat used to control the sample 
temperature covers the temperature range between 10 K (and lower without sample transfer) and 
350 K and can easily replaced when higher or lower temperatures are required. A sample transfer 
system allows for quick sample exchange and in-situ cleaving of samples. Other preparation stages 
can be added. The instrument is based on a motorized high-precision xyz stage, which also allows 
for a tilt of the instrument along a horizontal axis and a vertical rotation. The base pressure in the 
instrument is less than 10

-9
 mbar. 

During the first commissioning run the instrument behaved as expected, allowing to record data in a 
routine way. Fig. 1 shows the instrument on the platform of BW3. Commissioning of the instrument 
at PETRA III is planned for the end of 2010. The instrument will be available for users from 2011.   

 

Figure 1: Soft x-ray diffractometer for the XUV-beamline of PETRA III. 

 

Funded by the BMBF through project 05KS7PK1 and by the DFG through SFB 608.  

Contact: schuessler@ph2.un-koeln.de 
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Direct evaluation of the temporal and spatial 
coherence properties of FLASH pulses  

R. Mitzner1,2, S. Roling1,  B. Siemer1, M. Wöstmann1, K. Tiedtke3, J. Feldhaus3,                   
and   H. Zacharias1 

1Physikalisches Institut, Westfälische Wilhelms-Universität, Wilhelm Klemm Str. 10, 48149 Münster, Germany 
2Helmholtz-Zentrum Berlin für Materialien und Energie, 14109 Berlin, Germany 
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For providing jitter-free replica pulses for x-ray pump/x-ray probe experiments a split and 
delay unit (autocorrelator) has been especially developed for the use with FLASH [1]. Based 
on geometrical wavefront beam splitting and grazing incident angles it covers the 
fundamental energy range of FLASH (20 - 200 eV) with an efficiency of better than 50 %. In 
the experiments presented here this autocorrelator has been applied to examine the average 
temporal and spatial coherence properties of FEL pulses delivered from FLASH employing a 
linear autocorrelation. All experiments have been performed at beamline BL3 approximately 
70 m behind the undulator.  

 
Fig. 1: Spatial coherence of 24 nm fundamental.                         Fig. 2: Spatial coherence of 8 nm fundamental.                                 
FWHM = 3500 µm.                                                                      FWHM = 3200 µm. 
 
The spatial coherence was measured for 24 nm and for 8 nm (fundamental and third harmonic 
of 24 nm). By increasing the overlap of the two partial beams the distance between two points 
interfering with each other is increased. Thereby the visibility decreases as expected showing 
a Gaussian descent with a FWHM of  3500 µm for 24 nm, 3200 µm for 8 nm fundamental 
wavelength and 2700 µm for 8 nm as third harmonic of  24 nm. For a FEL operating in the 
linear regime the number of modes contributing to the radiation can be estimated as the 
inverse of the transverse degree of coherence. This yields a value of 3 modes for our 
measurements. In comparison A. Singer et al. obtain 6 modes [2], whereby the contribution of 
the second mode is 40% of the fundamental and the contribution of the sixth mode is more 
than two orders of magnitude lower. 

An evaluation of the spatio-temporal coherence [2,3] is essential for interferometric and 
holographic experiments as well as for a deeper insight in the FEL process. First 
measurements of temporal coherence at 24 nm have been performed and published [3]. 
Wavelenghts between 32 nm and 8 nm were investigated, where for the last-mentioned the 
fundamental wavelength and the third harmonic of 24 nm are compared to each other (see 
Fig. 3). A decrease of coherence time of 6 fs for 32 nm to 2.9 fs for 8 nm fundamental 
wavelength is measured. In comparison for 8 nm as third harmonic of 24 nm a coherence time 
of 2.6 fs is measured. The inset in figure 3 displays the visibility versus the delay between the 
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partial beams thus representing the temporal coherence function of the third harmonic of 24 
nm. From the central peak the average coherence time of the FEL pulse can be extracted. The 
visibility of the fringes rapidly decreases with increasing delay yielding an average coherence 
time of 2.6 fs in good agreement with estimations from FEL theory. W. Schlotter states a 
coherence time of >8 fs (r.m.s.) at 33.2 nm and 1.6 fs at 9.6 nm [5] (see Fig. 3, green dots), 
which is in good agreement with the timescales determined by us. 

Fig. 3:  Coherence time versus the wavelength.                       Fig. 4: Correlation between 24 nm fundamental                   
Inset: temporal coherence function γ(τ) of 8 nm                             wavelength and third harmonic radiation.          
third harmonic of 24 nm.                                        

Furthermore a correlation between the visibility of 24 nm fundamental wavelength and the 
third harmonic was investigated making use of Al/Zr half filters (see inset in Fig. 2) to 
measure the visibility of the fundamental and third harmonic radiation simultaneously. Figure 
2 shows the visibility of the fundamental wavelength versus the visibility of the third 
harmonic for a delay of -1.5 fs (red dots) and 2.5 fs (green dots). While the fundamental 
always shows a high degree of coherence the third harmonic strongly fluctuates because the 
emergence of the harmonic is an inferior process with strong statistical fluctuations [6]. 
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Structural properties of multicomponent bcc alloys 
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 Idea of average atom, commonly used in theoretical physics, may be realized by alloying of 
an element with dominant concentration and many other elements with small concentrations. Aim 
of the project was investigation of multicomponent alloys with bcc structure related closely to the 
idea of average atom. Two samples of nominal composition Fe0.88Al 0.033V0.050Si0.028Cr0.008, 
Fe0.6Al 0.12V0.18Si0.1, were prepared by arc melting, grinding and annealing at 800º C for 70 h. X-ray 
diffraction pattern correspond to large intensity Bragg spots of bcc phase. Lattice parameters 
a = 5.752 Å for Fe0.6Al 0.12V0.18Si0.1 and a = 5.757 Å for Fe0.6Al 0.12V0.18Si0.1 were obtained from 
Ritveld analysis. Weak contribution of peaks related to DO3 and B2 superstructure were detected, 
see Fig. 1.  

 Aim of the experiment was to measure EXAFS spectra of Fe0.88Al 0.033V0.050Si0.028Cr0.008, 
Fe0.6Al 0.12V0.18Si0.1 alloys and comparison with bcc structure and DO3 structure prepared as alloys 
with compositions Fe3Si, Fe3Si0.5Al 0.5, Fe3Al.  
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Fig. 1. XRD patterns of multicomponent alloys 

 The EXAFS experiment was performed at room temperature at A1 beam line at Hasylab. 
Samples for transmission experiment were prepared as a disks made from metal powders and 
celluloses. Spectra measured on K-edge of Fe are shown in Fig. 2a. Initial spectra analysis was 
performed by IFEFFIT software containing Athena, Atoms, Feff and Artemis packages [1]. 
Example of the Fourier transform of χ(k) EXAFS oscillations resulting in radial distribution 
function is shown in Fig. 2a. To treat properly increase of amplitude of χ(k) oscillations with 
increase of k, reasonable value of scale factor kw=3 was used. Fourier transform has been done 
using Hanning filter window in the range of wave vector kmin=1 Å-1, kmax=16 Å-1. The best fit of the 
theory resulting from the crystal structure is shown by solid line in Fig 2b. Further analysis in 
progress. 
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Fig. 2. EXAFS spectra of multicomponent alloys and some bcc and DO3 structures (a) radial distribution 
function fit of the theory for Fe3Si data (b). 
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SRµCT in a study on the functional cranial morphology of 
amphibians 

T. Kleinteich1,2, J. Herzen3, F. Beckmann3, S. Kühnel4, S. Reinhard4, J. Schmidt4, and A. Kupfer4

1 Biozentrum Grindel und Zoologisches Museum Universität Hamburg, Martin-Luther-King-Platz 3, 
20146 Hamburg, Germany
2 University of Washington, Friday Harbor Laboratories, 620 University Road, Friday Harbor, WA, 
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4 Institut für Spezielle Zoologie und Evolutionsbiologie mit Phyletischem Museum, Friedrich-Schiller-
Universität Jena, Erbertstr. 1, 07743 Jena, Germany

The extant amphibians (i.e. caecilians, salamanders, and frogs) are characterized by a biphasic 
lifecycle in that an aquatic larva passes through metamorphosis to become a terrestrial adult [1]. 
Amphibians show a high diversity  in  feeding habits  that  often relate  to different  stages  of 
development. Amphibian feeding modes comprise suction feeding and suspension feeding in 
aquatic larvae [2-4] and biting, tongue projection, and tongue protraction in adults [2, 5]. The 
different feeding modes are predicted to put different functional demands on the amphibian 
skull.  Here  we  applied  synchrotron  x-ray  radiation  based  high  resolution  micro  computed 
tomography (SRµCT) to study the functional  morphology of amphibian feeding systems at 
different stages of development to conclude on functional and developmental constraints that 
the biphasic lifecycle puts on the skull.

To examine  differences  in  feeding  structures  in  amphibians  it  is  essential  to  first  identify 
homologous structures in amphibian heads. Identification of homologous characters is done by 
comparing the anatomy of different species at different stages of development. We used SRµCT 
at the beamlines W2 and BW2 of DORIS III to attain artefact free three dimensional datasets of 
amphibian head anatomy in highest  detail  (figure 1).  The comparative study on amphibian 
skulls with a strong focus on caecilians and salamanders was part of the dissertation of the first 
author [6] and is currently prepared for publication. Our results show, that salamanders and 
caecilians are very similar in their larval cranial muscle morphology and that developmental 
processes during metamorphosis are comparable between the two groups. We further showed 
that amphibian head development can be modified in species with derived reproductive modes.

Figure 1: SRµCT imaging of the head of the caecilian Boulengerula taitana in lateral view. A: the skin 
of the specimen is virtually removed by segmentation of the SRµCT data. B: as A plus squamosal, m. 
intermandibularis, and m. interhyoideus posterior removed. From Kleinteich (2009).
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Figure 2: Lever arm model to calculate bite forces in caecilians based on SRµCT data. The model is 
on top layer over the SRµCT image of the caecilian Typhlonectes natans. From Kleinteich (submitted 
to Zoology).

The SRµCT data was further used for measurements of lever arms with that muscles act on the 
feeding system in amphibians, particularly caecilians (figure 2). The results of this study were 
part of the dissertation of the first author [6] and were recently submitted to the journal Zoology 
for publication [7]. We showed that the feeding biomechanics in larval caecilians are much 
different from adults. The feeding apparatus of larvae is optimized for small gape angles and 
short feeding cycles; in adult caecilians, feeding is much slower and the range of possible gape 
angles and thus prey sizes is much wider compared to larvae. Our calculated bite forces in 
caecilians were close to actually measured forces [8] which suggests that our model presents a 
well interpretation of the previously unstudied caecilian jaw apparatus. This accuracy in our 
approach is based on the high quality of the underlying SRµCT data.
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The 3D visualization of the tumor vascular network will support the understanding of 

tumor formation and growth and, finally, to efficiently allow treating cancer. The 

experimentally extracted vascular network permits for validation of computer simulations 

on angiogenesis [1]. High-resolution synchrotron radiation-based micro computed 

tomography (SRµCT) is used to image even the thinnest capillaries with diameters of 

approximately 4 µm in human tissues and 2 µm in murine tissues [2]. The present study 

relies on C51 tumors, grown in nude mice (Balb/c) in strict adherence to the Swiss law 

for animal protection. As the density resolution for the native soft tissue is insufficient for 

the absorption contrast mode, corrosion casts of the entire mice were manufactured at 

Institute of Zoology, University of Zurich (team E. Meyer) using the polymer PU4ii resin 

[3]. After anesthesia, the resin was injected into the vascular system of the mouse via the 

left ventricle of the heart. Then the mouse was put in formic acid to corrode the tissue 

around the hardened resin, a process that took a couple of days. Subsequently, the tumor 

was extracted from the vessel-tree-cast and coated with OsO4 to increase the contrast 

between the cast and the air. The SRµCT measurements, operated by the GKSS Research 

Center, were carried out at the beam-line BW 2 at HASYLAB using the photon energy of 

18 keV. The magnification was set to 2.5 with a spatial resolution of 3.6 µm. To obtain 

3D images, 720 projections at equidistant angular positions between 0° and 180° were 

recorded and reconstructed using filtered back projection algorithm. To handle the huge 

amount of data the raw data as well as the reconstructed data were binned twice. Binning 

especially before reconstruction improves the density resolution [4]. In the 3D 

representation of the tumor (Fig. 1) one can clearly see the interface between the healthy 

(left side) and the cancerous (right side) part of the vascular network. The vessels in the 

cancerous part feature a special spiral shape (see inset), which characterizes cancerous 

tissue [5]. In the image on the lower right a cut through the cancerous part is represented. 

In tumors one finds interrupted vessels that are the result of necrosis. The released blood 

alters the color of the tumor in the final growth stages. Therefore, leakage of the resin 

into the surrounding tissue of the vessel is also observed [6], indicated in the lower right 

image by arrow. The shapes of the vessel tubes often differ from healthy vessel tubes, 

which include a considerable variation in diameter. Unfortunately, it is still impossible to 

discriminate whether the shape variations are due to the perfusion of the necrotic vessels 

or really present in the cancerous tissue. Corrosion casting of tissue combined with 

SRµCT allows revealing the vessel tree down to the capillary level even for cancerous 

tissue. The quantification of the vessel morphologies, however, is difficult to achieve 

since the corrosion cast process produces artifacts, which ranges from shrinkage that 
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influences the vessel diameter measurements to leakage that covers parts of the vessel 

system. 

 
 

Figure 1: 3D representations of the corrosion cast of a tumor vessel system generated by 
VGStudio Max 1.2 (Volume Graphics, Heidelberg, Germany). The left image shows the 
intersection of the healthy and cancerous part of the specimen. In the right upper image 
the view of the cancerous part is shown. The lower right image illustrates the vessels 
inside of the cancerous tissue. 
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 Familial hypertrophic cardiomyopathy (HCM) is an autosomal dominant disorder of heart muscle, 
occurring with a frequency of 1:500 in the general population. Mutations in genes encoding sarcomeric 
proteins are found in approximately 60% of cases. Amongst the mutations identified, about 45% are 
accounted for by mutated genes encoding myosin heavy or light chains, a further 35% by myosin-binding C 
protein (cMyBP-C) mutations, and the remainder by mutant forms of tropomyosin, troponin or titin. While 
some patients may be asymptomatic or mildly symptomatic, others exhibit more severe medical conditions 
such as dyspnea, arrhythmia, angina and even sudden cardiac death (hypertrophic cardiomyopathy is the 
main cause of sudden cardiac death amongst persons under 30 years of age). Although the functional 
consequences of these mutations for cardiac performance and anatomy are well documented, their effects on 
the fundamental processes governing the regulation and generation of mechanical work are not well 
understood, nor has a firm link been established between such effects and the deterioration in cardiac 
performance of the cardiomyopathic heart. 
 Studies of the physiological role of cMyBP-C have mainly focussed on extraction of the protein or 
on the development of murine models in which cMyBP-C is expressed in a truncated form. More recently, a 
knockout murine line has been developed in which the transcription initiation site has been removed, 
producing a null allele and preventing not only the occurrence of cMyBP-C protein, but also the production 
of cMyBP-C mRNA. By using this null allele to produce heterozygous cMyBP-C+/– and homozygous 
cMyBP-C−/– phenotypes, it was found that heterozygous cMyBP-C+/– hearts replicated many of the 
anatomical features of HCM, suggesting that haploinsufficiency may be the cause of the condition, while 
homozygous cMyBP-C−/– hearts exhibited anatomical features resembling dilated cardiomyopathy (DCM). 
Unlike other HCM inducing mutations, which are fatal in the first weeks after birth, cMyBP-C homozygous 
knockout murine models can survive for more than 1 year without functioning cMyBP-C, making the 
knockout mouse an excellent subject for the investigation of HCM. The role of cMyBP-C in myocardium 
remains uncertain because many effects of its extraction or ablation are contradictory. The protein was 
originally thought to play an important part in structural integrity and development of the sarcomere, but 
cMyBP-C knockout mice are viable and have well-ordered sarcomeric architecture and thick filament 
structure. 
 MyBP-C is a large (140-150kDa) protein found only in the A-band of striated muscles. It is 
composed of 11 modules, consisting of eight immunoglobulin-C2 type domains, three fibronectin type 3 
domains plus a MyBP-C motif close to the N-terminus containing three phosphorylation sites. Unlike the 
skeletal muscle MyBP-C, cMyBP-C is an excellent substrate for cyclic AMP-dependent protein kinase A 
(PKA), and phosphorylation of cMyBP-C has been proposed to reduce myosin-MyBP-C motif interaction, 
allowing greater mobility of the myosin subfragment 1 (S1) moiety. The C-terminal domains 8, 9 and 10 are 
known interact with titin, domain10 binds to light meromyosin, and the MyBP-C motif binds to myosin 
subfragment 2 (S2). N-terminal domain 0 contains an actin binding site. In vivo, cMyBP-C is bound to the 
thick filament at its C-terminal end in groups of 3 monomers at axial intervals of 43nm. 
 Growing awareness of the importance of structural parameters in contraction, plus the development 
of synchrotron X-ray sources and advances in detector technology, have promoted interest in the application 
of X-ray techniques to cardiac muscle. X-ray studies of earlier murine models of cMyBP-C ablation have led 
to the proposal that the N-terminal portion of cMyBP-C interacts with myosin to restrict the mobility of S1 
heads, tethering them close to the surface of the thick filament. Phosphorylation or ablation of cMyBP-C 
causes changes in the equatorial pattern of myocardium consistent with an increased radial displacement of 
S1 from the surface of the thick filament.  
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 Using the null allele murine model of  cMyBP-C ablation, we examined chemically skinned murine 
left ventricular myocardium. Papillary and trabecular muscle tissue was treated with 1% Triton X100 for 10 
hours to remove the sarcolemma, allowing direct control and manipulation of the chemical environment of 
the myofilaments. In agreement with previous studies, we found no change in lattice spacing (centre to 
centre myosin filament spacing: control 53.7±1.3nm (n=6); knockout 53.7±0.3nm (n=4)), but we also found 
no significant change in relaxed I11/I10 (control 0.83±0.02nm (n=6); knockout 0.87±0.12nm (n=4)), an index 
of the displacement of S1 from the thick filament. Upon calcium activation (pCa 4.6), knockout tissue 
produced only 41% of the force generated by control. This reduced tension was not a result of impairment of 
force transmission, since the equatorial reflections also showed smaller changes on activation of the 
knockout line. 

 We also examined the behaviour of intact myocardium from control and knockout lines. 
Experiments were conducted as blind trials, in which the nature of the tissue was not known to the 
experimenter at the time of testing. Tyrode’s solution was gassed with 100% oxygen throughout the 
experiment, and contractions were elicited to field stimulation (typically a pulse of 0.5ms duration, field 
intensity 3kV.m-2). Temperature was 24oC.In the relaxed state, lattice spacing (centre to centre distance 
between thick filaments) was slightly higher in knockout tissue (46.3±0.5nm compared to 44.9±0.4nm). In 
all tissues, I11/I10 (expected to be about 0.5 in the relaxed state) was greater than 1, which suggests rigor or 
partial calcium activation may have been present in intact tissue samples. This was more pronounced in 
knockout tissue, and was insensitive to temperature and to 10mM BDM (a muscle relaxant). Twitch force 
from knockout muscle was only ca. 1% of control tissue. Since this force reduction is much greater than we 
observed from direct application of calcium ions to skinned myocardium, we suspect that knockout tissue 
might suffer from additional effects of the mutation on electrical excitability or calcium fluxes.These 
findings call into question the proposed role of cMBP-C in restriction of S1 mobility and suggest possible 
additional effects of cMyBP-C ablation beyond those associated with the contractile apparatus.. 
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Background 
Experiments at DESY HASYLAB BW2 are carried out within the framework of an extensive 
project on the phylogeny of selected arthropod groups. Besides elucidating the possibilities of 
SRµCT for our studies, we were aiming at a muscle equipment study of selected damselfly 
(Zygoptera) and dragonfly (Anisoptera) heads in a first step. This study worked also as an indicator 
whether µCT studies are suited to reveal morphological details at the family level inside hexapods. In 
subsequent projects covering a broader taxon scale we aim to extend our scope to the phylogeny of 
the four major arthropod groups (see other HASYLAB report "Inner morphology of “basal” 
Hexapoda inferred from SRµCT studies – a first step towards resolving the phylogeny of 
Arthropoda"). The morphological data we have gathered at HASYLAB so far will be incorporated 
into a data matrix for subsequent phylogenetic analysis of odonatan internal head anatomy. 
 
Material and specimen preparation 
Adult specimens of Aeschnidae, Libellulidae, Gomphidae, Cordulidae, Lestidae and Calopterygidae 
were freshly collected into Bouin's solution (Dubosq-Brasil (Romeis 1989)), transferred to 70% 
EthOH after a few days and finally critical point dried to avoid image noise due to fluids influencing 
the scan process. For maximum field of view appendages like antennae were cut off. Specimens 
were mounted on metal holders with superglue and acclimatised in the scan chamber to avoid any 
movements due to unintended specimen movement or temperature changes. All specimens were 
scanned at a stable photon energy of 8 keV at the beamline BW2 of DESY HASYLAB synchrotron 
facilties. 
 
Results 
SRµCT of dragonfly heads resulted in image data of excellent quality. Besides reconstruction of hard 
parts like the body wall, apodemes and tentorial structures, it was possible to reconstruct and discern 
muscles, tendons, nerves and even membranes of the tracheal system from each other (Fig 1). Due to 
the density dependent graytone range of each tissue we were able to reconstruct structures semi-
automatically sparing the time consuming step of tissue designation by hand in each image. This also 
aided to the resolution of volume rendering yielding more realistic and precise structures for the final 
3D-image (Fig 2). 
 
Outlook 
We plan to use SRµCT extensively in the future for a broader approach to arthropod relationships. 
Our taxon sampling will encompass Chelicerata, Crustacea, Hexapoda and “Myriapoda”. In our 
opinion SRµCT is the state-of-the-art method to receive information on very different structures at 
the same time. For example it is possible to infer muscles as well as the inervation in one 
methodological step (albeit information on sensoric and motoric neurons is lacking). Unlike cLSM 
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larger non-transparent structures are scanable. Additionally the time until information retrieval is 
greatly reduced compared to classic histological work or micro-taxidermy and can be partly 
automated.  
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Figure 2  Sympetrum sanguineum (Hexapoda: Odonata) 
head. Parasagittal image at height of the right mandible. 
Image from DESY HASYLAB beamline BW2. 
Scantime: 3 hours for the whole head. 

Figure 1  Part of the mandible musculature of Sympetrum sanguineum (Odonata) reconstructed from SR-microCT images. 
Unpublished prelimnary data. Photon energy: 8 keV; Scantime: 3 hours; voxelsize: 2,34 µm (isotropic voxels). Ge Gena; 
MCI Musculus craniomandibularis internus; Md Mandible; MCE Musculus craniomandibularis externus; T Tentorium;; 
VHMdA ventral hypopharyngo-mandibular adductor; VTMdA ventral tentorio-mandibular adductor. Muscles named 
according to Kéler (Kéler 1963). 
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Zn K edge XAFS characterization of human nails 
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The human nail is a modified type of epidermis that consists of compact layers of dead cells of epithelium. 
The main constituent of the nails’ organic matrix is the keratin, a structural insoluble protein rich in cysteine. 
The keratin composition is affected by genetic factors and diseases.[1] Human nails also contain small 
amounts of essential metallic elements like Ca, Fe, Cu, Zn and therefore they are used to monitor the 
essential metal concentration in the human body.[2] Deviations from the normal values of some metallic 
elements have been related to disorders or diseases as well as to environmental and nutritional factors.[3] 
Moreover, diseases or disorders may affect the bonding environment of various metallic inorganic elements, 
as it is observed in the case of Fe in neuron tissues.[4] Here, we apply Zn K edge XAFS spectroscopy for the 
study of the bonding geometry of Zn in human nails. Zn is a significant metallic element in biological 
systems due to its catalytic and structural role in proteins.[5]  

The studied samples are nail clippings that were collected at the Pulmonary Clinic of the Aristotle University 
of Thessaloniki. Prior to the measurement, the samples were cleaned with acetone, alcohol and de-ionized 
water in an ultrasound bath. The measurements were conducted at the beamline C in the fluorescence yield 
mode using a 7–pixel Si(Li) fluorescence detector cooled at 77 K and positioned on the horizontal plane, at 
right angle to the beam. The angle of incidence was 45o. The use of an energy dispersive detector allows the 
discrimination of the Zn Kα fluorescence photons and thus minimizes the background in the EXAFS spectra 
due to the absorption of preceding edges.  

Figure 1: (a) XANES spectra of the studied samples and the corresponding 1st derivative shown in energy 
range around the absorption edge, (b) 1st nn shell fitting (blue line)  of the Fourier transform of the EXAFS 
spectra (black line). The inset shows the fitting in the k-space of the filtered contribution of the 1st nearest 

neighboring shell. 
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The Zn K edge XANES spectra of the studied samples are shown in Fig. 1(a). The maximum of the 1st 
derivative of the spectra, which corresponds to the absorption edge, is found in the same energy position in 
all the samples except in the case of the GG sample where it is shifted towards higher energies by 0.4eV.  In 
the XANES spectra shown in Fig. 1(a) the relative intensity of the A and B features varies slightly among 
the samples. This variation is more prominent in the spectrum of the GG sample. The Fourier Transforms 
(FT) of the EXAFS spectra are shown in Fig. 1(b). The 1st nearest neighboring (nn) shell was fitted using N 
and S paths and the Zn atom was considered as tetrahedrally coordinated [5,7]. The amplitude reduction 
factor and the energy origin were commonly iterated for all the samples. The fitting results are listed in 
Table I. The Zn-N and Zn-S distances were found equal to 2.00Ǻ and 2.30Ǻ, respectively. In most of the 
studied samples, the ratio of the number of S/N atoms bonded to Zn, ranges from 0.25-0.29. In one case 
(sample GG) it is found significantly smaller (=0.08) and in two cases significantly higher (samples MX and 
TD). In order to decide if the bonding environment of Zn consists of mixed Zn(N,S)4 tetrahedra or a mixture 
of pure ZnN4 and ZnS4 tetrahedra that varies among the samples, careful simulation of the EXAFS/XANES 
spectra is necessary. In the case of the GG sample, the violet shift of the Zn K edge is consistent with the 
larger number of N atoms which are bonded to Zn.[6] Finally, a direct relation between the observed 
changes in the XANES and EXAFS spectra and Zn concentration in the nail can not be established. 

Table I: Fitting results of the Zn K edge spectra. R (Ǻ) is the nn distance, N is the coordination number and 
σ2 (Ǻ2) the Debye-Waller factor. N and S atoms were used for the fitting. The total coordination number was 
set equal to 4. The Zn XRF intensity corresponds to the area under the Zn Ka fluorescence peak normalized 

to the area under the scattering peak and is proportional to the concentration of Zn in the nail. 
sample RZn-N  RZn-S  NZn-N NZn-S NZn-S/ 

NZn-N σ2
Zn-N ×10-3 σ2

Zn-S ×10-3  Zn XRF 
intensity 

GG 1.99±0.04 2.30±0.02 3.7±0.1 0.3 0.08 2.4±0.6 2.3 0.21 
FP 2.00±0.02 2.31±0.01 3.4±0.1 0.6 0.17 2.1±0.2 2.0 0.28 
PD 2.00±0.02 2.30±0.01 3.2±0.1 0.8 0.25 2.5±0.4 2.4 0.19 
PTH 2.00±0.02 2.30±0.01 3.2±0.1 0.8 0.25 2.8±0.2 2.6 0.23 
KB 2.00±0.03 2.30±0.01 3.2±0.1 0.8 0.25 2.5±0.4 2.4 0.25 
SA 2.00±0.03 2.29±0.01 3.1±0.1 0.9 0.29 2.6±0.3 2.5 0.27 
KAL 2.00±0.04 2.30±0.01 3.1±0.1 0.9 0.29 2.8±0.5 2.7 0.20 
TD 2.00±0.01 2.29±0.01 2.8±0.1 1.2 0.43 3.5±0.6 3.3 0.13 
MX 1.99±0.03 2.30±0.01 2.8±0.1 1.2 0.43 2.9±0.4 2.8 0.23 
 

In conclusion, XAFS spectra of human nails have been recorded successfully. Both the XANES and EXAFS 
spectra are sensitive to the bonding configuration of Zn, which is tetrahedrally coordinated with N and S. 
The Zn-N and Zn-S distances were found equal to 2.00Ǻ and 2.30Ǻ, respectively. The ratio of the number of 
S and N atoms bonded to Zn varies among the samples, from 0.08 to 0.43. These differences are also 
reflected in the relative intensity of the XANES peaks and in the position of the absorption edge. Fitting of 
the XAFS spectra at more distant shells and the simulation of the XAFS and XANES spectra is in progress 
in order to identify the amino acids, which are bonded with the Zn atom in each case.  
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Structure of biomembranes and drug delivery systems 
investigated by SAXS and GISAXS   
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University of Applied Sciences Berlin (BHT), Luxemburger Str. 10, 13353 Berlin, Germany 
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In the former annual reports we have shown that the techniques GISAXS and SAXS can be 
successfully applied for studying the structure of biomembranes as well as other systems [1-3]. In 
this present report we will show the SAXS-results concerning the skin-structure of other animals 
(Fig. 1) which can change their skins regularly as well e.g. lizard, scorpion, etc. The data show that 
these animals have ordered lipid structure indicated by significant peaks. Though the position of the 
peaks was not the same as that from the human stratum corneum, they showed some similarity. 
Further experiments to confirm the similarity are planned to be performed by DSC, IR and 
permeation test in order to decide which skins can be used as an alternative membrane to human 
stratum corneum. 

 

      

 

              

 

 

 

 

 

 

 

 

 

Figure 1: SAXS-scattering curves of different types of skins of various animals. 

The GISAXS-data are shown in Fig. 2 (a-d). Different formulations i.e. liposomes and lipid emulsions were 
studied. Liposomes prepared from Phospholipon 90G show many significant peaks, indicating the well 
ordered system (Fig. 2a,b). The GISAXS out-of-plane cuts show that the droplet size of the liposomes 
without the drug was about 542 nm with the repeat distance at 4.9 nm. After addition of the drug sodium 
diclofenac the size of the liposomes seemed to reduce to 267 nm. The reduction of the size after an addition 
of the drug was confirmed by photon correlation spectroscopy as well. The structure of the liposome, seen 
by the detector-cut pattern, has changed, which was demonstrated by shifting of the peaks to other pixel-
positions. The GISAXS data (Fig. 2c,d) of lipid emulsions show the effect of the drug ibuprofen to the 
droplet size and the orientation of lipid. However, the measurement should be repeated because of the broad 
peaks (Fig. 2d) in the region of 1050-1100 and 1600 pixel, respectively.    
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Figure 2: GISAXS of (a) liposome without drug, (b) liposome with drug sodium diclofenac, 
(c) lipid emulsion without drug, (d) lipid emulsion with drug ibuprofen. 

 

The authors would like to thank particular students of BHT for the experimental help and DESY for 
the beamtimes. 
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Olive oil triterpenes are part of the human Mediterranean diet. Molecular studies have been directed 
to understand the mechanism of their biological effects. They have cytoprotective effects on healthy 
cells, beneficial effects on Hypertension’s disease and, in addition, some triterpenes such as 
oleanolic and ursolic acid, have been shown to induce differentiation and apoptosis of tumor cells. 
Their biological activity has been related to the interaction with the cell membrane and their 
regulating effect of the activity and/or expression of enzymatic systems implicated in relevant 
physiological processes [1]. 

The aim of our study is to analyze the interaction of several triterpenes obtained from olive plant 
with model membranes of different lipid composition. For X-ray diffraction experiments, 
multilamellar lipid vesicles of 1,2-dielaidoyl-sn-glycero-3-phosphatidylethanolamine (DEPE) and 
1,2-dipalmitoyl-sn-glycero-3-phosphatidylcholine (DPPC) 15% (w/w) in presence and absence of 
triterpenes were prepared in 10 mM Hepes, 100mM NaCl, 1mM EDTA, pH 7.4. Measurements 
were performed at the A2 beamline at DESY-HASYLAB. Experimental data indicate a differential 
modulation of DPPC membranes related to the structural properties of the triterpene compound 
(Fig. 1). Further investigations are in progress. 

Figure 1: X-ray diffraction pattern of DPPC membranes in absence (A) and in presence of oleanoic (B) and 
ursolic acid (C) at a molar ratio 50:1 (lipid: triterpene). The sequence of patterns was acquired with a scan 
rate of 1oC/min. Successive diffraction patterns were collected for 15 s every minute.  
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Background 

The aim of the project is to identify differences in the the morphology of the prothoracic tarsi 
containing the spinning organs of four ecologically distinct Embioptera groups: 1. ground dwelling 
and strongly spinning species 2. ground dwelling and weakly spinning species 3. tree dwelling and 
strongly spinning species 4. tree dwelling and weakly spinning species. This approach allows I) to 
address a putative correlation of the morphology with ecological factors and II) conclusions with 
regard to the phylogenetic relationships among Embioptera. Complex morphological characters are 
generally used for reconstructing intraordinal relationships (e.g. Hörnschemeyer et al., 2006; Beutel 
et al., 2008). The embiopteran spinning apparatus is a highly complex structure that may bear 
valuable phylogenetic signals. Previous studies of the prothoracic legs of Embioptera (Barth 1954; 
Alberti & Storch 1976) described only single species and did not cover comparative morphological, 
phylogenetic or ecological aspects. High-resolution tomography in combination with three-
dimensional reconstruction techniques (Amira™) will allow for detailed reconstructions of the 
complex spinning organs. By using SRµCT we will be able to combine the advantages of several 
different traditional morphological research methods (dissection histology, SEM and TEM). Due to 
the rareness of the species used in this study it is difficult to get hold of a reasonable number of 
specimens for traditional methods. Investigating them with the methods mentioned above would 
inevitably lead to the destruction of the specimens. Therefore, non-invasive SRµCT is the preferred 
method to study the morphology and anatomy of these enigmatic insects for gaining insight into 
their evolutionary history.The subsequently gathered information combined with ecological data 
will allow addressing a putative interdependence of the morphology of Embioptera and their 
ecology. Furthermore, phylogenetic implications will be evaluated. We are confident that this study 
can make an important contribution to the understanding of the evolution of the webspinners.  

Material and specimen preparation 

We studied different structures of adult webspinners (head, thorax and prothoracic leg) and the 
prothoracic legs of three selected outgroup taxa (Plecoptera, Phasmatodea and Dermaptera). All 
specimens were either fixed in ethanol (70%, 100%) or in FAE (Formaldehyde-ethanol-acetic acid) 
and were subsequently dried at the critical point. In order to minimize the field of view during the 
scanning process and to ensure a maximal scanning resolution all projecting distant body parts were 
removed (antennae, wings and legs). The specimens were mounted on object stages, which were 
kindly provided at the facility. All specimens of webspinners used in this study were provided by at 
the Institute of Zoology at Santa Clara University, USA. The outgroup specimens were taken from 
the collection of the Institute of Zoology and Anthropology of the Georg-August-University 
Göttingen, Germany.  

Results 

During our session at Beamline BW2 we were able to take measurements of 14 speciemens, 
including ten speciemens of Embioptera and four speciemens of so-called outgroup taxa. The 
SRµCT data generated during our shifts at the BW2 beamline are of very high quality, thus 
allowing a highly efficient computer based 3D-reconstruction of all structures required for our 
investigations. The spatial resolution of 3.6 µm and the optimal mix of phase- and absorption-
contrast of the Synchrotron Beam at the BW2 by a low photon energy of 8 KeV enables us to give 
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an efficient interpretation of different tissue types, which is, as far as our Synchrotron experiences 
have shown, quite unique. Therefore the data allow for a brilliant illustration of internal and 
external morphology (Fig.1 and 2), which greatly improves the possibilities for analysis and 
understanding of the complex structures. Since the evaluation of three-dimensional datasets is 
complex and time consuming, it will take a couple of month to produce results for this 
investigation.  

Outlook 

The recorded SRµCT data shall conduce to a better comprehension and overview of the 
morphology of Embioptera. The data are the basis for a diploma thesis focussing on the spinning 
structures of Embioptera (Comparative morphological studies on the prothoracic leg of Embioptera 
(Insecta: Neoptera)) and a publication resulting from the thesis. A further investigation of the 
thorax morphology of Embioptera is in progress. We furthermore plan publications on sexual 
dimorphism and the wing articulation in Embioptera. The first reconstructed data have already been 
presented in the form of two posters (Büsse et al. 2009; Büsse et al. 2010).  
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Figure 1: 1. 3D-reconstruction of a prothoracic leg of a female of 
Antipaluria uricii from synchrotron radiation high resolution computer 
tomography (SRµCT) data. 2. Tarsus consisting of three segments. 3. First 
tarsal segment containing the glands. 

 
Figure 2: Section throug a prothoracic leg 
of a female of Aposthonia ceylonica from 
synchrotron radiation 
high resolution computer tomography 
(SRµCT) data. 1. Gland tissue. 2. Gland 
reservoir. 
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Two techniques  based on synchrotron radiation i.e. x-ray fluorescence (SRXRF) and X-ray 
absorption near edge structure spectroscopy (XANES) were applied to determine chemical 
composition of brain tumours. The SRXRF and XANES measurements were performed for thin 
tissue slices of brain gliomas. The tumours of different grades of malignancy were taken 
intraoperatively. The samples were cut into sections of 20 micrometers thick in a cryo-microtome, 
mounted on thin polymer foil and freeze-dried. 

The SRXRF measurements were performed on the beamline L at HASYLAB. For the analysis the 
multilayer monochromator was applied and the primary photon energy was set to 17 keV. To 
reduce the beam size the high flux capillary was used. The beam was focused to a size of about 15 
µm in diameter. Two-dimensional maps of elemental distribution were determined. The step sizes 
applied for mapping were equal to 15 µm both horizontally and vertically. The time of acquisition 
was equal to 10 s per pixel. The measurements were carried out in air. The characteristic X-ray 
lines were measured by the Vortex SDD detector from SII Nano Technology USA Inc. The 
measurements of either NIST standard reference materials (SRM 1833 and SRM 1832) or thin film 
XRF calibration standards were performed for the determination of masses per unit area of 
elements. The SRXRF measurements allowed to analyze the elements such us P, S, Cl, K, Ca, Fe, 
Cu, Zn, Se, Br and Rb. The topographic analysis enabled to determine two dimensional distribution 
of elements in characteristic structures of glioma tissue (glioma cells, blood vessels, calcification). 
The SRXRF maps of selected elements in glioma tissue containing blood vessels as well as areas of 
calcification were presented in Figures 1 and 2 respectively.  
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Figure 1: SR-XRF maps of elemental distribution (ratio of fluorescence intensity of elements to incoherent 
scattering) in brain glioma tissue with blood vessel (see arrow) . Data presented in arbitrary units. Scale bars: 

100 µm. 
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Figure 2: SR-XRF maps of elemental distribution (ratio of fluorescence intensity of elements to incoherent 
scattering) in brain glioma tissue with areas of calcification (see arrow) . Data presented in arbitrary units. 

Scale bars: 50 µm. 

Additionally micro-imaging of Fe chemical forms was performed using XANES technique. For this 
purpose the synchrotron radiation microbeam of about 15 µm diameter was applied. The thin tissue 
sections of brain gliomas were probed. As the reference materials FeSO4*7H2O and 
Fe2(SO4)3*nH2O were used. Oxidation states imaging involved scanning a sample in two 
dimensions with the step size equal to 15 µm on each direction. The monochromator (Si-311) was 
set to the appropriate energy for the edge of Fe oxidation states. The Fe XANES profiles obtained 
for the reference materials were used for determination of the energies of excitation of Fe2+ and 
Fe3+. Mapping of the different forms of iron was performed at the energies of 7.127 keV (Fe2+) 
and 7.135 keV (Fe3+ and Fe2+). All the XANES spectra obtained for the tissue samples are 
situated between the spectra measured for reference materials containing Fe in the second and third 
oxidation state. The mapping of different chemical form of iron allowed to found areas of the 
tissues were Fe2+ and Fe3+ were dominant. 
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Introduction 

Cell culture skin equivalents have been evaluated over the last years as an alternative to human skin for in 
vitro skin permeability testing. The thin outermost layer – the stratum corneum (SC) – presents the efficient 
barrier of the skin against penetration of microorganisms and foreign substances due to its unique structure 
of flattened dead cells (corneocytes) embedded in a highly ordered lipid structure. Particularly the latter 
plays also a major role for the protection of the body against successive water loss. However, in 
reconstructed skin models the development of a proper SC barrier presents often a major challenge. For the 
REK organotypic culture (ROC) derived from rat epidermal keratinocytes (REK), a typical SC ultrastructure 
[1] and lipid composition [2] together with a functional permeability barrier for a large number of model 
drugs could be established [3]. In the present study, the organization of the SC lipid of this cell culture 
derived epidermis was studied by SAXS and DSC in comparison to human and rat SC. 
 
Materials and Methods 

Stratum SC separation: ROC [3,4] and human epidermis (abdominal female skin obtained from plastic 
surgery, heat separation of the epidermis) was incubated with 0.1 % trypsin solution for 24 h at 4 °C 
followed by 1 h at 37 °C. Rat SC was obtained by trypsination (0.1 % trypsin solution) of excised, shaved 
abdominal rat skin (Wistar rats) for 3 days at 37 °C. The SC sheets were dried over silica gel under nitrogen 
atmosphere and light protection. Differential scanning calorimetry (DSC): SC samples (hydration level 
20 %) were accurately weighted into standard aluminum pans and measured in a Pyris 1 DSC calorimeter. 
Samples were heated from 10 to 100 °C (ROC and human SC) or 110 °C (rat SC), cooled to 0 °C and heated 
again to 100/110 °C with a scan rate of 10 °C/min. 
Temperature was held constant for 30 s at 100/110 °C and 
for 60 s at 0 °C. Small angle X-ray scattering (SAXS): 
Measurements with synchrotron radiation (wavelength 
0.15 nm) were done at the beamline A2 at 
HASYLAB/DESY [5-7]. SAXS was recorded with a 
MarCCD165 2D detector (sample – detector distance was 
1.96 m) in the s-range between 0.015 and 0.3 nm-1 (s = 1/d 
is the scattering vector and d the spacing). SC samples (at 
least 3 for each SC source) were hydrated with purified 
water to assure complete hydration and placed into special 
sample holders with Kapton windows and measured in a 
temperature range between 25 °C and 120 °C (as indicated 
with arrows in figure 1). Data analysis was done with the 
fit2D software (version 12.077, A. Hammerslay, ESRF).  

Figure 1: DSC heating and cooling curves of 
human, rat and ROC SC. The temperatures of SAXS 
measurements are indicated by arrows. 

Results and Discussion 

The thermal phase behavior of representative SC samples 
obtained from the different sources is shown in figure 1. 
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For human SC, typically three lipid-based phase transitions are observed: T1 ~ 35-42 °C, T2 ~ 72-74 °C and 
T3 ~ 85-87 °C [8]. Except the low-temperature transition, phase transitions were reversible when only 
heated to 100 °C. In ROC SC, a low-temperature transition was also detectable (~ 35 °C) in addition to the 
main phase transition which occurred between 65 and 67 °C and is probably related to the phase transition of 
the intercellular lipids. The transition temperature measured in ROC was close to that obtained for rat SC 
(between 60-63 °C, figure 1). 

In agreement with DSC data, the 
SAXS reflection upon heating 
disappeared at lower temperature 
in rat compared to human SC 
where reflections were not 
detectable at 75 °C in rat SC but 
still clearly visible in human and 
– interestingly – also in ROC SC 
(not shown). At 25 °C reflections 
which probably correspond to the 
so-called short periodicity phase 
(SPP, for human SC 6.4 nm [9]) 
were clearly detectable in all 
thermally untreated samples (6.6, 
5.5 and 6.4 nm for human, rat 
and ROC SC, respectively, figure 
2). After heating to 120 °C and 
cooling, these reflections were 
shifted to slightly smaller s-
values (larger d-spacings) in 
human and ROC SC and 
additional reflections appeared at higher s-values indicating an alteration of the lipid organization in the SC. 
In rat SC (SPP about 5.5 nm for the untreated SC) the SAXS pattern was more distinctly altered after 
thermal treatment (figure 2). Very weak signals at small s-values in measurements of the untreated SC sheets 
(figure 2 on the left) may indicate also the presence of a so-called long periodicity phase (LPP, for human 
SC about 13.4 nm [9]). These reflections were not detected after heating to 120 °C and cooling.  

Figure 2: SAXS curves of human, rat and ROC SC. The scale bar in the left graphic 
corresponds to the scale shown in the right graphic where the scattering curves are 
shifted along the intensity axis for clarity.. 

Summary and Conclusion: This synchrotron radiation SAXS study of ROC SC clearly confirms the highly 
ordered SC lipid structure in this cell culture model as suggested earlier on the basis on electron microscopic 
[1] and thermo-analytical data [2,4]. However, lipid organization appears to be different to those of human 
and rat SC: Whereas in ROC SC the main phase transition (T2) was distinctly lower compared to the T2 
transition measured for human SC, the d-spacing (SPP) of the thermally untreated sample was close to that 
measured for human SC but different to the SAXS patterns of thermally untreated rat SC. The SAXS study 
of ROC SC is ongoing to gain more detailed information into the lipid organization in the SC of this 
promising epidermal cell culture model with special focus on development of SC lipid organization in 
dependence on culturing conditions and duration. 
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Introduction: 

Excessive accumulation of Cu, Zn and Fe in breast cancer has been reported in a number of our 

studies (Geraki et al (2002, 2004), Farquharson et al (2007, 2008, and 2009)). Our previous work at 

beamline L investigated the zinc levels in human primary tumour tissue compared to surrounding 

normal tissue in samples of both oestrogen receptor positive (ER+ve)  and ER−ve invasive ductal 

carcinoma of breast (Farquharson et al 2009). The study has shown that the mean total Zn content 

for each sample (i.e. tumour and surrounding regions) was approximately 60% higher in the ER+ve 

samples than that in the ER−ve samples. A supgroup of ER+ve breast cancer patients has been 

selected to be treated with tamoxifen.  The aim of this experiment is to map the distribution of Zn in 

breast cancer tissue and to compare their levels with surrounding normal tissue and correlated this 

with the progress of the disease among this group of patients. In this study a total of 152 tumours 

and 99 normal breast ROIs were scanned and analyzed.  The results obtained were used to identify 

the relative differences of Zn levels at the cellular level between relapsed and non relapsed status, 

and the survival status of these patients.  
 

Method: 

The data were collected at Hasylab, beamline L (Hamburg, Germany).  At the energy of 11 keV 

used in this study an on sample spot size of approximately 15 m x 15 m was obtained.  The 

fluorescence signal is recorded using two Peltier cooled energy dispersive Si drift detectors 

(Radiant, Vortex). A stepwise scan was used, and utilising the two detectors to collect the 

fluorescence response enabled a 3s measuring time at each point. The samples are formalin fixed 

paraffin embedded tissue of ER+ve human primary invasive breast cancer. The samples were in the 

form of tissue micro arrays consisting of 1.0 mm diameter sections of tissue. For more information 

about sample preparation see  Farquharson et al 2009. 

 
Results 

As an example, figure (1) below shows a H & E stained reference slide, and elemental maps of Zn, 

distribution in an ER (+) sample.  

 
Figure 1: A) A stained reference image of breast sample.  The dark areas are the cancer 

cell regions. B) The corresponding Zn, distribution maps in the tumour and the normal regions. 
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Results:  

An overview of the statistical analysis and the percentage difference of Zn mean levels in the 

tumour breast tissue compared to the normal tissues is listed in table (1). The Zn levels were higher 

in the tumour areas compared to the normal areas with the mean levels in the tumour levels being 

approximately 95% higher than the mean normal levels.  

 

Group N Zn-Mean 
% 

difference 
Std. 

Deviation 
P value -Mann 

Whitney 

Tumour 152 .12359446  
94.7 

.032 
<0.001* 

Normal 99 .06347841 .023 

Table 1: Overview of statistical analysis and percentage difference between the mean levels of Zn. * Significant 

difference at 99 %  confidence level. 

 

When comparing the Zn levels between the relapsed tumour and non relapsed tumour groups it was 

found that the mean total Zn was approximately 24% higher in the tumour relapsed regions with 

P<0.001. The mean levels of Zn in the tumour regions of deceased subjects did not differ 

significantly from that in the tumour group of surviving subjects. The average Zn level was elevated 

in the relapsed normal group compared to the non relapsed normal group, but that elevation was not 

significant. In the normal deceased group and surviving group ROIs, the differences in Zn levels 

have been found to be not significant. Table (2) show an overview of the statistical analysis for 

these groups. 

 Group N 
Zn-

Mean 

% 
differenc

e 

Std. 
Deviation 

P value -
Mann 
Whitney 

Tumour 

Non Relapsed 102 .1144  
24.18 

.030 

<0.001* 

Relapsed 50 .1421 .027 

Tumour 

Surviving 105 .1237  
-0.37 

.030 

0.578 

Deceased 47 .1232 .03 

Normal 

Non Relapsed 65 .0610 

 
11.76 

 

.017 

0.982 

Relapsed 34 .0681 .0317 

Normal 

Surviving 76 .0598 

 
-40.59 

 

.017 

0.375 

Deceased 23 .0355 .07 

Table 1: Overview of statistical analysis and percentage difference between the mean levels of Zn in relapsed and 

non relapsed status, and deceased and survuval status of the patients.Negative value represents a decrease. The 

percentage  difference calculated with respect to non-relapsed and survival groups respectively. * Significant 

difference at 99 % confidence level 

Conclusion: 

Basically, there is significantly more Zn in the patients that relapsed than those that did not relapse. 

This work will enable us to correlate the Zn levels in ER (+) invasive ductal carcinoma of breast 

with the status of the patient after being treated with tamoxifen. The results can be used to help in 

evaluating the effectiveness of using tamoxifen for treatment. We need to scan more samples in 

order to obtain significant data. 
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Antimicrobial peptides (AMPs) occure in every organism. They are small, amphiphilic proteins 
and are part of the host immune defense. They can protect the organism against bacteria, viruses 
and fungi by disrupting the membrane [1]. In humans, AMPS from three classes are found: the 
histadins, the defensis and the cathelicidins. Because of a growing resistance against traditional 
antibiotics in medicine, there is a big hope to find decisive sequences in AMPs that can kill bacteria 
to design novel drugs with antibiotic properties. In our work, we focused on a fragment of the 
human cathelicidin derived peptide: LL20. Its interaction with model membranes containing 
several phospholipids was investigated. 
 
Grazing Incidence X-Ray Diffraction (GIXD) measurements were performed, additionally to 
surface pressure measurements in a Langmuir-trough, using the liquid-surface diffractometer at 
BW1, HASYLAB. GIXD provides information about the lattice symmetry and the in-plane 
molecular structure [2].  With the help of this method it is possible to obtain information of the 
conformation of the lipid chains. We already performed surface pressure and Infrared Reflection 
Absorption Spectroscopy (IRRAS) measurements. The peptide is surface active and adsorbs at the 
air/buffer interface. It adopts an alpha-helical conformation in the adsorption layer. The starting 
conformation in bulk is random coil. This shows that the adsorption process is connected with a 
change in the secondary structure of the peptide. 
 
 

 
 
 

 
 

Figure 1: Part of the IRRA spectrum showing the amide I and II regions. The positions of the bands era 
characteristic for an alpha-helical conformation 
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Figure 2: Contour plots of the corrected X-ray intensities as a function of the in-plane scattering vector 
component QXY  and the out-of-plane vector component QZ for (left)  pure DPPG (black) and mixed 

DPPG/LL20 (red) and (right) DPPC and mixed DPPC/LL20 (blue) monolayer.                                             
The calculated tilt angles and areas per lipid are also shown.                                                            

Measurements were performed in 5 mM HEPES, 100 mM NaCl at pH 7.4 and 20 °C.                                 
The bulk concentration of the peptide was 0.34 μM for all experiments. 

 
 
The peptide is able to penetrate into partly compressed phospholipid monolayers. The penetration 
leads to a compression of the lipid layer. Adsorption/penetration into anionic monolayers like 
DPPG (1,2-dipalmitoyl-phosphatidylglycerol) leads to a fluidization of the monolayer (data not 
shown). The surface pressure increases up to 30 mN/m. The calculated areas per lipid molecule are 
smaller in the presence of the peptide, indicating a strong interaction of LL20 with the negatively 
charged lipid head groups. The tilt angles of the lipid chains for this DPPG/peptide mixture are 
clearly smaller compared with those for a pure DPPG monolayer (figure 2, left). The tilt of the lipid 
chains for a DPPC/LL20 monolayer were approximately the same as for a pure DPPC monolayer 
(figure 2, right), indicating less interaction with the zwitterionic lipids. Also the induced increase in 
surface pressure (10 mN/m) is much smaller for the interaction with the zwitterionic DPPC 
monolayer indicating less penetration into such a monolayer 
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X-Ray Absorption Near Edge Structure (XANES) analysis in combination with Synchrotron 
Radiation induced Total reflection X-Ray Fluorescence (SR-TXRF) acquisition was used to 
determine the oxidation state of Fe in human cancer cells. The second measurement campaign 
reported here was intended to be an extended feasibility study. Measurements of adequate standard 
samples and cell samples treated with different chemical compounds have been performed. 
The Fe K-Edge XANES measurements in fluorescence mode and grazing incidence geometry were 
carried out using the TXRF vacuum chamber setup at the beamline L at the Hamburger 
Synchrotronstrahlungslabor (HASYLAB) at DESY [1-3]. 

The excitation energy was tuned from 7015 eV to 7500 eV in varying steps (10 eV to 0.5 eV) 
across the iron K-edge at 7112 eV. To get reasonable peak to background ratios the acquisition time 
for each spectrum was set between 5 and 15 seconds depending on the Fe florescence intensity of 
each sample. For each specimen at least two repetitive scans were performed and merged to 
increase the signal to noise ratio. During all XANES measurements the absorption of an iron foil 
was recorded in transmission mode simultaneously.  
Human colon cancer cell lines (colorectal adenocarcinoma) as well as human breast cancer 
(adenocarcinoma) and human fibrosarcoma cell lines in different phases of the cell growth were 
prepared at the Laboratory of Environmental Chemistry and Bioanalytics in Budapest, Hungary. 
The samples have been prepared with and without different treatments. After washing, a cell 
suspension was produced and sealed avoiding air contamination. A major challenge in elemental 
speciation is to avoid chemical transformation during analyses. Therefore the samples were 
transported in argon environment. When the cell growth was in its stationary phase, the cells were 
treated with either CoCl2, NiCl2, antimycin or 5-fluorouracil (5FU). Main aim was to gain 
information about the influence of these treatments on the cells relating to the Fe species. For 
comparison samples have also been taken during other characteristic phases of cell growth, namely 
the Lag phase (phase of no growth) and the Exponential phase (phase of exponential growth). 
Untreated and treated cell samples and iron reference compounds have been compared to find a 
possible correlation between treatments and the oxidation state of Fe. The comparison was made 
between the untreated samples, and Co-treated or Ni-treated samples. All XANES spectra were 
found to be very similar and the edge position of untreated sample is centered between the edge 
positions of treated samples (Δ ~ 0.5 eV). It can be concluded that no significant changes took place 
due to the CoCl2 or NiCl2 treatments. However, it has to be noted that the treatments were only 20 
minutes long. 
New XANES spectra of Fe2+-citrate, Fe2+-α,,α'-dipiridil, K4Fe(CN)6 as Fe2+ standards,Fe3+-H3PO4, 
Fe3+-citrate, Fe3+-EDTA and K3Fe(CN)6, and ferritin as Fe3+ standards have been recorded. The 
best agreement between the majority of samples and the measured standards was found for the 
ferritin reference. Small differences cold be seen between samples treated with 5FU and antimycin 
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and the ferritin standard: the energy of the iron K-edge of samples treated with 5FU was shifted 
towards higher energies, while the samples treated with antimycin had similar XANES spectra like 
the Fe2+-a,a'-dipyridyl standard and also shifted towards higher energies. 
We could show that SR-TXRF XANES analysis is feasible for the analysis of Fe in cancer cell 
lines. Small differences in XANES of cells prepared with different treatments have been found and 
will be further investigated. Furthermore, the method enables the acquisition of TXRF spectra 
along with the XANES spectra on the same samples. Without having any quantification performed 
so far, but based on the present results we suggest that the internal standardization method will be 
useful for direct elemental analysis with small cell numbers. 
 

 

Figure 1: XANES of all new standard 
compaounds measured for comparison with 
the cell lines spectra. 

 

 

Fig.2 XANES spectra of a HT-29 sample 
comparing to samples spectra treated with 
antimycin (AmA2_118) and ferritin (the most 
similar standard compound) 
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The innate immunity factor lactoferrin harbours two antimicrobial sequences situated in 

close proximity in the N1-domain, Lactoferricin (LFcin) and Lactoferrampin (LFampin). The 

recently discovered LFampin [1] contains residues 268-284 from the N1 domain of Lactoferrin. 

Thereafter, a new family of antimicrobial peptides was obtained from LFampin by extension 

and/or truncation at the C- or N-terminal sides, keeping the essential characteristics, in order to 

unravel the main structural features responsible for antimicrobial action [2]. These related 

synthetic peptides show broad-spectrum bactericidal activities against a range of Gram-positive 

and Gram-negative bacteria, as well as fungus. 

In the present study we characterized the structure adopted by one of these peptides, namely 

LFampin 265-284, with DMPC/DMPG (3:1) liposomes, taken as model for the bacterial 

membrane. For that, we prepared mixtures of the peptide and model membrane at different L:P 

ratios, founded to be critical according to previous studies [3]. The mixtures were prepared in 

HEPES buffer (10 mM, 100 mM NaCl, pH 7.4). The DMPC/DMPG liposomes were 

oligolamellar structures, of average size 200 nm (as determined by DLS).  

 

Small angle X-Ray diffraction (SAXD) experiments were performed at beamline A2 in 

HASYLAB at DESY. The sample was equilibrated at each selected temperature for 5 min before 

exposure to radiation. Temperature scan was performed at a scan rate 1 
o
C/min and the 

diffractograms were recorded for 10 s every minute.  

 

Fully hydrated DMPC forms a lamellar phase. The repeat distance as a function of 

temperature is shown in Fig.1, inset B. Due to the negative surface charge of DMPG, the mixture 

DMPC:DMPG (3:1 mol/mol) used in our experiments, forms oligolamellar liposomes 

spontaneously, and in SAXD we observed only a broad peak with intensity at the level of 

background (not shown). As regarding LFampin 265-284, experiments at a ratio L:P=8:1 

(mol/mol) show that the peptide induces a dramatic structural change in the lamellar structure of 

DMPC:DMPG (3:1), starting at temperatures below the gel-to liquid crystalline phase of this 

lipid system. In SAXD, we observe peaks at spacings 2, 4, 5, 8, 13, 18,(…), fitting well 

with reflections of a cubic phase Pm3n. The lattice parameter a=11.780.01 nm (at 24 
o
C) was 

determined as the slope of the line s (nm
-1

) = f((h
2
+k

2
+l

2
)), passing trough the origin in (0,0), 

with R
2
=0.999995 (Fig.1, inset A). On further heating the sample, another change in structural 

organization is observed, and a lamellar phase L was identified at higher temperature (t > 28 
o
C). Phase transition from cubic to lamellar phase was sharp (see Fig. 1, inset B) although one 

can follow some traces of previous structural organization in the higher 
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Figure 1 – SAX diffractograms of LFampin 

265-284 + DMPC:DMPG(3:1) liposomes at 

a ratio L:P of 8:1 (mol/mol).  

background up to temperatures above 40 
o
C, 

as documented particularly by a shoulder of 

the peak L1 in Fig. 1, t=40 
o
C. On cooling 

the sample back to 15 
o
C the cubic phase 

was rebuilt and the change in lattice 

parameter was ~ 0.1 nm (Fig.1, 15
 o

C). The 

inset B of the Fig. 1 shows the temperature 

dependence of the lattice parameter (a) in 

the studied temperature range. The lattice 

parameter of the cubic phase, as well as the 

repeat distance d decreases with increasing 

temperature. At 50 
o
C we found d = 6.59 nm 

in our system. DMPC multilamellar vesicles 

shows at 50 
o
C a repeat distance dDMPC = 

6.07 nm. The higher spacing observed as 

compared to pure DMPC can be accounted 

either due to presence of the peptide 

between the lipid bilayer or as a residue of 

charge imbalance in the system. 

 

 

 

 

 

 

The observation of a Pm3n space group is a very new observation in these systems, and 

indicates that the peptide induces micellization of the liposome membrane. This is a very 

important finding as it gives experimental proof for one of the proposed mechanisms of action of 

antimicrobial peptides, namely, the “carpet model” followed by membrane micellization.  
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The brain gliomas are the most common major histological type of brain cancer and account for 
more than 40% of all neoplasms of central nervous system. In spite of such frequency of occurrence 
the knowledge of this type of cancer is still very poor. The biomodulators causing unrestrained 
growth of brain tumor cells are not well known and current therapies are relatively ineffective. The 
complex chemical analysis of Fe, Cu and Zn in tumor tissue is particularly essential considering 
biochemical processes that may participate in pathogenesis of the brain gliomas [1]. These studies 
would to shed new light on cancerogenesis of brain gliomas  

The techniques based on synchrotron radiation were previously applied by our group for 
investigation of brain gliomas in the frame of experiments performed at HASYLAB [2]. In our 
investigations we used tissues lyophilized at temperature –200 C and stored at room temperature in 
air atmosphere. It could cause, that speciation and local environment of measured elements would 
be affected by chemical processes caused by air. Preliminary research with the use of X-ray 
absorption spectroscopy technique was carried out for tissue samples taken intraoperatively from 
patients with different grades of brain gliomas. X-ray absorption near edge structure (XANES) was 
used for investigation of Fe and Zn oxidation state. The extended X-ray absorption fine structure 
(EXAFS) was used for investigation of Fe and Zn local environment. The specimens were taken 
during the tumorectomia and immediately frozen at temperature about  –80 C. The samples were 
transported to HASYLAB in liquid nitrogen (LN) cryostat. Before measurements the frozen 
samples having mass about 1 g each were encapsulated in Ultralene foil. Two samples of glioma 
with tumor grade III and with tumor grade IV were used in measurements. As standards: Fe(II) - 
FeSO4*7H2O, Fe(III) - Fe2(SO4)3*nH2O; Zn(0)-powdered metallic Zn and Zn(II)- ZnS were used.  
The measurements were performed at the bending magnet beam line C at HASYLAB equipped 
with two mirrors and a double-crystal Si(111) monochromator, LN cryostat with sample holder 
located in vacuum chamber and seven pixels Si(Li) detector. The measurements were performed at 
temperature about –184 C. The absorption spectra were measured at the Fe K-edge and the Zn-K-
edge in the fluorescence mode in the energy range from 7050 to 7700 eV for Fe and from 9650 to 
10150 eV for Zn, respectively. The collected spectra were evaluated using ATHENA program. In the 
measured gliomas Fe is in the oxidation state between 2+ and 3+, and Zn is on oxidation state between 0 
and 2+  (Fig. 1). No significant differences in the position of Fe edges were observed for measured 
samples. The shift towards higher oxidation state appears for Zn in glioma with grade IV. The influence of 
the sample temperature on the Fe oxidation state and Fe local environment were investigated. One of the 
sample was warmed, stored for 30 minutes at room temperature (about 23 C) and refrozen in LN before 
measurements. No difference in position of Fe absorption edge for frozen and refrozen sample was 
detected. The Fourier transforms of the tumor tissue EXAFS functions (Fig. 2) indicating 
differences in the paths of scattering for gliomas having III and IV WHO grades. 

Further investigations on other cases of human brain gliomas to achieve a statistically reliable 
number of samples, and in consequence statistically significant results are necessary. 
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Figure 1: The example of Fe (a) and Zn (b) XANES spectra in gliomas (p24502- III grade,  p24825-
IV grade) 

                    

Figure 2: Magnitude of the Fourier transform, (R) as a function of a radial coordinate. The 
example represents a measurement of Fe (a) and Zn (b) EXAFS in samples of gliomas (p24502- III 
grade,  p24825-IV grade) 
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The transition of α-helical or unfolded peptides and proteins to β-sheets and subsequent amyloid
formation are characteristic for neurodegenerative diseases like Alzheimer’s or Parkinson’s disease.
The interactions of amyloidogenic peptides with surfaces such as biological membranes are con-
sidered to play an important role regarding the onset of secondary structure changes.We focused on
interactions of the peptide with the hydrophobic air-water interface. Additionally, the metal binding
properties of the model peptides have been investigated. The amyloidogenic model peptide used
in this study was designed with regard to neurodegenerative diseases. It comprises different stable
conformations depending on environmental conditions as well as metal binding sites, comparable
to those of the natural occurring amyloid β-peptide causing Alzheimers disease. Therefore we are
able to focus on the very early stages of amyloid formation recently discussed as the crucial steps
in neurotoxicity.
The structure of the adsorption layer of the peptide alone or complexed to Cu2+ or Zn2+-ions at
the air-water interface have been studied by grazing incidence X-ray diffraction using the liquid
surface diffractometer at BW1.

Figure 1: Scattered intensity I , normalized to the incoming intensity I0 versus the in-plane component of
the scattering vector Qxy. The Bragg peak (20) is corresponding to the H-bond distance in the β-sheet layer
observed by GIXD of a VW29 surface layer (0.3 µM VW29, 0.6 µM Cu2+ in bulk, 20 ◦C, 10 mM PBS,
pH 7.4, 150 mM NaCl) compressed to π = 30 mN/m. [1]

Combining X-ray diffraction with a total reflection setup leads to a highly surface sensitive scat-
tering technique. A synchrotron X-ray beam grazes the air-water surface on a Langmuir trough
fulfilling total reflection conditions. The intensity of the diffracted beam as a function of the ver-
tical and horizontal scattering angles is accessed and transformed into the vertical and horizontal
scattering vector components. Grazing incidence X-ray diffraction was used to characterize the
VW29 surface layer.
Interestingly the β-sheet formation differed depending on the added metal ions. We used the pres-
ence of a typical Bragg peak with Qxy ≈ 1.3 Å−1 as evidence for ordered β-sheets at the interface.
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Figure 2: Scattered intensity I , normalized to the incoming intensity I0 versus the in-plane component of
the scattering vector Qxy. The Bragg peak (01) is corresponding to the longitudinal repeat distance in the
β-sheet layer observed by GIXD of a VW29 surface layer (0.3 µM VW29, 0.6 µM Cu2+ in bulk, 20 ◦C,
10 mM PBS, pH 7.4, 150 mM NaCl) compressed to π = 30 mN/m. [1]

Without metal ion complexation VW29 only aggregates after compression of the surface layer to
30 mN/m, the bilayer-monolayer correspondence pressure. With additional Cu2+-ions the peptide
seems to aggregate immediately after adsorption to the interface, while CD-spectra verified a stable
unfolded conformation under similar conditions in bulk. In contrast, addition of Zn2+-ions results
in a rather defined β-sheet layer.
Experiments at equilibrium surface pressure (π ≈ 20 mN/m) and after compression to 30 mN/m
typically revealed a peak corresponding to the repeat pattern of the β-sheet at Qxy ≈ 1.33 Å−1

(figure 1). Using d = 2π/Qxy the β-sheet repeat distance was calculated to d ≈ 4.73 Å for all layers
which contained detectable β-sheets.
In the case of Cu2+-complexed VW29 at 30 mN/m, an additional end to end distance of 52.40 Å
indicated by a Bragg peak at Qxy = 0.124 Å−1 could be detected (figure 2). The two peaks can
be indexed, assuming a rectangular unit cell with the H-bond distance a = 4.73 Å (peak (20)) and
the longitudinal distance b = 52.40 Å (peak (01)). The structure presumably consists of parallel
β-sheets, as no indication for a repeat pattern with the double H-bond distance was observed. The
length of the unit cell does not correspond to the length of the peptide molecule in extended β-
sheet conformation, indicating a structure where only parts of the molecule are incorporated into
the β-sheet structure.
The correlation lengths calculated using the Scherrer equation differ according to the metal ions
present in the sample. For non complexed VW29 at 30 mN/m it is 235 Å indicating 50 aligned and
H-bonded β-sheet strands with 4.73 Å repeat distance. The uncompressed Zn2+ complexed sample
exhibits a very high correlation length (exceeding the resolution of the experiment of ≈ 780 Å)
perpendicular to the β-sheet strands.
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Cationic lipids in mixtures with zwitterionic helper lipids are widely known to build complexes 
with DNA. Such lipoplexes are used as gene delivery systems, so called nonviral vectors, to 
penetrate into cells and tissue. They insert their genetic material and lead to the production of 
functional proteins which can be important for the cure of genetic diseases. Efficacy and toxicity 
are still two major problems that have to be faced on the way to an outstanding transfection system. 
Thus new lipids are consistently synthesized and investigated.  

In our studies, we use calf thymus DNA (ctDNA) together with novel lipids as model systems to 
investigate the structural properties of transfection systems. Transfection experiments have shown 
that the cationic lipid E14 Lysin is especially efficient in complexes with the helper lipid dioleyl 
phosphatidylethanolamine (DOPE). The chemical structure of E14 Lysin is shown in Figure 1. 

 

 

 

 

 

Figure 1: Chemical structure of  E14 Lysin, a novel cationic lipid for gene transfection. 

 

Both compounds were dissolved in chloroform to prepare stock solutions. The investigated mixture 
of E14 Lysin and DOPE was obtained by mixing these solutions in the desired molar ratio, and the 
chloroform was evaporated afterwards. The solid mixture of both lipids was transferred into a 
capillary and MilliQ water was added with a microsyringe. To guarantee the full hydration of the 
lipid system, the water content was adjusted with a microbalance to 4:1 (mwater/mlipid). The sample 
was mixed mechanically with a needle, and the capillary was sealed. The lipid mixture was heated 
several times above its phase transition temperature before the final scan. The complex together 
with ctDNA was prepared by adding the solid lipid mixture to a highly concentrated ctDNA 
solution. After vortexing, the supernatant was taken off with a syringe and the precipitated lipid-
DNA complex was filled into a capillary. 

The SAXS experiments were performed at the beamline A2 in HASYLAB at DESY. Figure 2 
shows the SAXS scan of the E14 Lysin/DOPE mixture (1:2, n/n) at 20 °C. The Bragg peaks have 
been indexed assuming a cubic Im3m-phase [1]. The observed peaks are in the ratio of 

2 : 4 : 6 : 8 : 10 : 12 etc. (see Figure 2, right). The observed structure is different from the 
structures of the two pure components. 
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Figure 2: SAXS scan of the E14 Lysin/DOPE mixture (1:2, n/n) in water at 20 °C (left). Indexation leads 
to a perfect linear fit of s and the Miller indices for a cubic Im3m-lattice (right). 

The addition of ctDNA to the lipid system leads to a drastic change in the lipid structure. Now, a 
hexagonal phase is observed. Additionally, the Bragg peaks split indicating a de-mixing of the 
system. Two inverted hexagonal phases with the repeat distances of a1 = 6.9 nm (red arrows) and  
a2 = 7.48 nm (blue arrows) are coexisting (see Figure 3). The repeat distance a2 can be related to the 
well-know inverted hexagonal phase of pure DOPE in water [2]. The intense peaks of a1 describe 
more compressed cylinders that are consisting of a mixture of E14 Lysin and DOPE 
accommodating ctDNA in the interior of the cylinders [3]. Electrostatic attraction forces between 
the negatively charged macromolecule strands and the positively charged E14 Lysin lead to the 
displacement of water and consequently to the reduction of the radius of the cylinders. Therefore 
the system consists of two phases: empty DOPE cylinders and complexes of E14 Lysin/DOPE 
filled with ctDNA strands. 

 

 

 

 

 

 

 

Figure 3: SAXS scan of E14 Lysin with DOPE (1:2, n/n) + ctDNA 1.5:1 (nlipids/nbase) in water at 20 °C. The 
model visualizes empty DOPE tubes (blue) and DOPE/E14Lysin complexes filled with ctDNA (red and 

blue) in a hexagonal packing. 
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Comparative studies on different bird species have suggested that iron-containing dendrites in their 
upper beaks may serve as a common avian magnetic field detector system [1]. This dendritic 
system has first been analysed in homing pigeons [2]. Detailed descriptions of its light microscopic 
and electron microscopic structure were combined with measurements in HASYLAB to identify 
the iron minerals involved as basis for a first sound concept of a magneto receptive system [3]. 
Several series of behavioural experiments and mathematical model calculations [4] were performed 
in order to verify its function as a sensitive analyser of the local magnetic vector. In our recent 
paper, we have shown the astonishing fact that birds independent of their life style and navigation 
habits, are equipped with such a system of iron-containing dendrites [1] – including the 
phylogenetically old chicken, which do neither migrate nor homing over long distances. 

It could be demonstrated that chicken already in their first days after hatching, make use of the 
Earth magnetic field, e.g., to relocate their mother [5]. So we have now used the chicken as model 
organisms to study the ontogeny of this receptor system, as – due to their breeding in chicken farms 
- the animals are all-year round available in any age, and wild catches are not necessary.   

We have tested chicken of different age (from 5 days after hatching until 1,5 years old hens). Their 
beaks were histologically analysed (Prussian Blue staining of 10 µm thick paraffin sections) in the 
light microscope concerning the shape, density and distribution of iron-containing dendrites. 
Already the youngest fledglings have numerous dendrites along nervous axons of similar shape and 
size like we have described in the adult birds of different species. These pilot studies suggest that 
the number of dendrites may vary: gradually reduced during the first weeks with a minimum 
around day 10 to 15; more and more dendrites appear from the third week onward. Even in adult 
birds the number of dendrites is slightly increased compared to young ones. These results, however, 
still require statistical confirmation.  µ-XRF-mappings in HASYLAB aimed to quantify the number 
and especially the iron content of the dendrites found in the birds of different age. These results 
have to be compared to the histologically acquired values.   

 
 
 
 
 
 
Figure 1 The XANES-spectra of the 
second type dendrites (3 samples 
tested) are by about +0.8eV shifted to 
higher eV-values compared to the 
summed spectra of all the other birds 
(solid black line). 
  
 

A first remarkable result is that in young chicken not all the dendrites look like the ones found in 
adult homing pigeons and the other avian species. In young fledglings probably an additional type 
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of ”dendrites“ occurs, which has a round shape and is distributed on top of various organ systems. 
Ultra structural analyses are planned to identify the nature of these PB-reactive “dendrites”. Maybe 
they are precursors of the final dendrites; maybe they have nothing to do with the sensory dendritic 
system. First XANES spectra of these elements have revealed that they contain more iron-III-
oxides than the regular dendrites in chicken and the other birds (Figure 1), which may be indicative 
for their role as an intermediate state.  

Further investigations will help to solve this problem. Perhaps a comparison between nestling from 
precocial birds (e.g., chicken) and altricial birds (e.g., pigeons) may serve as an eye-opener towards 
understanding the ontogeny of these dendrites and the ability to navigate by means of the Earth 
magnetic field at an early stage. 
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In order to understand the evolutionary biology of complex structures within organisms a 
comparative approach is needed. The use of synchrotron based high resolution X-ray 
computed microtomography (µCT) in the field of comparative evolutionary biology are 
virtually infinite (for examples see [1], [2], [3]). Synchrotron imaging of a variety of both 
invertebrates and vertebrates gave recent novel insights into complex structure and function 
[4]. We employ µCT imaging to elucidate the role of head and genital morphology in the 
evolution of reproductive modes in a particular group of amphibians; the caecilians or 
Gymnophiona (but see also previous DESY-projects on caecilian head [5] and genital 
morphology [6]).  

Caecilian amphibians are limbless, fossorial vertebrates inhabiting a diverse array of tropical 
habitats. Although caecilians only comprise of around 180 species, they show an 
extraordinary diversity of reproductive modes and parental care strategies (e.g. skin feeding 
[7]) including oviparity (aka egglaying) and viviparity (aka life-bearing). In comparison to 
most frogs and salamanders male caecilians possess an evertible copulatory organ, the 
phallodeum, to ensure internal fertilisation. 

The current project is strongly focussed on the morphology of genital structures and the 
dentition (see Fig. 1D) in various caecilian amphibians representing diverse reproductive 
modes. Our main objective is to describe complex structures and to reveal any correlations 
between specific morphologies and reproductive modes. 
We aim to include various caecilian species representing all currently recognised reproductive 
modes in our study (e.g. oviparity with aquatic larva, direct development and viviparity). So 
far we have gathered µCT imaging-data on the morphology of a male and female cloaca of 
Ichthyophis cf. kohtaoensis (Fig. 1A-C), and everted phalli of Geotryptes seraphini and 
Typhlonectes natans. The data has been collected within 48 h at beamline BW2. Dentitional 
metamorphsis have been analysed in a series of juvenile and adult Geotryptes seraphini (Fig. 
1). The data has been collected within 48 h at beamline W2. 

The resulting datasets of genitalia show highest detail in soft tissues. The resolution of the 
µCT data (voxel-sizes) ranges from 2 to 9 µm, depending on the size of the sample. Single 
muscle fibers, nerves, and connective tissues can be easily identified in the images. Such 
richness in detail of vertebrate genital structures, especially within soft tissues, has never been 
seen before for any vertebrate (see µCT scans of skeletons and references in [8]).  
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Figure 1: SRµCT data on caecilian reproductive morphology and dentitional metamorphosis. A: 
Ichthyophis cf. kohtaoensis, female cloaca, bsl = left blindsac, crt = tube of cranial chamber, li = large 
intestine, odl = left oviduct; B, C = corresponding cross-sections at the level marked in A; D = skull 
development and dentitional metamorphosis in Geotrypetes serpaphini. 3D modelling based on data 
gathered via non-invasive SRµCT scanning. 
 
SRµCT imaging of the female cloaca reveals full details and proportions of the tissues 
involved (Fig.1 A-C). For interspecific comparisons and better understanding of the diversity 
of caecilian genitalia µCT data on further caecilian species will be gathered in future session 
at beamline BW2. At beamline W2 other ontogenetic series of skin-feeding caecilians will be 
analysed. 

Results based on µCT imaging produced at DESY were presented in a talk at the Annual 
meeting of the Society for Integrative and Comparative Biology (SICB) in 2009 and will be 
included in presentations at the International Congress of Vertebrate Morphology (ICVM-9) 
in Uruguay. Results on the genital morphology of caecilian amphibians have been submitted 
for publication [6]. 
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Due to the very limited solubility of Fe, soluble Fe sources available in soil for plant nutrition are 
mainly represented by a mixture of complexes between the micronutrient and organic ligands such 
as organic acids, phytosiderophores (PS), microbial siderophores as well as fractions of humified 
organic matter [1]. 

In this research, Fe translocation and allocation into the leaves of plants grown in hydroponic 
solution after the addition of different natural Fe-complexes were investigated, beside other 
techniques, by synchrotron 2D-scanning µ-XRF. These analyses were carried out at Beamline L 
focusing the X-rays to a 20 µm

2
 X-ray beam and using an energy of 14 keV. The experimental setup 

consisted of a multilayer monochromator, a polycapillary lens and two detectors placed at both 
sides of the sample, each at 90° to the incoming beam. An Al filter was placed in front of the 
detectors to reduce the intensity of the fluorescent radiation from low Z elements such as Ca and K, 
thus improving the signal for higher Z trace elements, especially Fe (Fig. 1). 

 

Figure 1: Experimental setup for 2D-scanning µ-XRF on cucumber leaves. 

In particular, dynamics of Fe allocation after 1 and 5 days were studied by imaging Fe distribution 
in 3 mm × 2 mm areas on freeze dried fully expanded leaves of intact Fe-deficient cucumber plants 
supplied with different natural Fe-complexes, i.e. Fe-citrate, Fe-PS, and Fe complexed to water-
extractable humic substances (Fe-WEHS) [2]. 

Total Fe concentration in the leaves was assessed by ICP-AES, after total acid digestion of the 
sample, and by 

59
Fe liquid scintillation after treatment of the plants with 

59
Fe complexed by the 

natural sources. Results reported in Fig. 2 show that Fe amount in the leaves of plants fed with Fe-
WEHS was higher than those measured in the leaves of plants treated with Fe-citrate or Fe-PS. 
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Figure 2: Fe concentration in leaves as determined by ICP-AES (a) or liquid scintillation (b) 

The higher capacity of cucumber plants to acquire Fe when fed with Fe-WEHS, was also confirmed 
by µ-XRF maps. Beside other information, the process of charging and discharging of Fe in the 
main leaf veins after 1 or 5 days from Fe-supply could be clearly visualised by µ-XRF, as reported 
in Fig. 3. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3: Fe distribution in the central part of leaves treated with Fe-WEHS after 1d (a) or 5d (b) 

Synchrotron X-ray microbeam techniques are being used to study Fe distribution and concentration 
inside different plant species grown in the presence of various Fe sources, in order to evaluate the 
efficiency of new natural Fe-chelates compounds to be employed in agriculture [3]. 
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As a result of mechanical brain injury, the destruction of neurons, their connections and impairment 
in functional sub-systems are observed in nervous tissue [1]. According to clinical studies, epilepsy 
is a common outcome of brain injuries and almost 50% of patients with penetrating brain injuries 
(traffic accidents, missile wounds) develop seizures [2,3]. The present project is the continuation of 
our previous investigation concerning the role of trace elements in the pathogenesis and progress of 
epilepsy [4,5]. In the frame of it, we would like to verify if an increased susceptibility of injured 
brain to epileptic seizures is associated with the local and remote elemental anomalies in the 
nervous tissue. 

Unfixed and non-embedded rat brains were cut frontally using a cryomicrotome into 15 µm thick 
slices. The sections were mounted on the Ultralene foil and freeze-dried. Typically, two sections of 
each brain were prepared for elemental analysis. The first section contained the area of injury and 
the second one the dorsal part of the hippocampus. 

The topographic and quantitative elemental analysis of the tissues was done using X-ray 
fluorescence microscopy. The measurements were carried out at HASYLAB beamline L. The 
multilayer monochromator was applied and the primary photon energy was set to 17 keV. The 
polycapillary optics was used for the focusing of the beam and the obtained beam spot had the 
dimension of 15 µm x 15 µm. The X-ray fluorescence spectra were measured using the Vortex SDD 
detector from SII Nano Technology USA inc. and the time of single spectrum acquisition was 10 s. 
Measurements of NIST standard reference materials (SRM 1833 and SRM 1832) were performed 
for spectrometer calibration. 

For each sample two-dimensional analysis of elemental distribution was performed. The results of 
such analysis obtained for selected animal with mechanical brain injury were shown in the Figure 1. 
The elemental composition of the cerebral cortex and white matter in injured and uninjured brain 
hemisphere was compared. Moreover, the differences between animals with mechanical brain 
injury as well as those with pilocarpine induced seizures and naive control rats were evaluated. In 
this case, besides the two areas mentioned previously, four sectors of the hippocampal formation 
(CA1 and CA3 regions of the Ammon’s horn, the dentate gyrus (DG) and the hilus of the dentate 
gyrus (H)) were examined.  

For all the analyzed tissue areas the mean masses per unit area of elements were calculated. 
Afterwards, the median values were evaluated for analyzed groups. The statistical significance of 
the differences in elemental composition was tested with the use of non-parametric U (Mann-
Whitney) test. 

We did not observe any statistically significant differences between injured and uninjured brain 
hemisphere. Elevated levels of Ca in the cortex and Fe in the white matter of both hemispheres 
were detected for animals with mechanical brain injury in comparison with the control group. For 
the hippocampal formation tissue, the lower masses per unit area of Cu in DG (p=0.02) and Zn in 
CA3 (p=0.02) and DG (p=0.03) areas were recorded for animals with brain injuries in comparison 
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with control rats. It is necessary to mention that identical relations were previously observed for 
animals with pilocarpine-induced epilepsy. Decreased mass per unit area of Ca in CA1 (p=0.09) 
and DG (p=0.05) areas was observed for animals with mechanical brain injury in comparison with 
pilocarpine-treated rats, however such differences were not noticed for the control group.     

Figure 1. Maps of elemental distribution obtained for selected animal with mechanical brain injury; i - the 

area of  injury, c - cerebral cortex, wm - white matter. 
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BTS is an allosteric, small molecule inhibitor of the ATPase activity of myosin II (1). It has been 

shown that BTS is remarkably specific for the fast skeletal myosin isoform. In solution studies it 

was found that BTS decreases the rate of phosphate release from myosin and weakens the apparent 

affinity of S1.ADP for actin (2). These effects seem to be responsible for the reduced force 

production in demembranated fast skeletal muscle fibers of rabbit and frog. The structural 

conformation of the acto-myosin complex with BTS, however, is unclear.  

In the present study we examined the structural features of acto-myosin states with BTS in 2D-X-

ray diffraction patterns of skeletal muscle fibers. Force inhibition by BTS is due to accumulation of 

cross-bridges in non-force generating cross-bridge states of the acto-myosin ATPase cycle. This 

makes these states accessible to detailed structural analysis within the 3D-lattice of the sarcomere.  

For structural characterization of cross-bridges with BTS we used our well established preparation 

of arrays of about 30 single skeletal muscle fibers (3, 4). For these studies we used the M. psoas of 

rabbits since it contains essentially only a fast myosin isoform. Fibers were incubated with 0.5mM 

BTS under relaxing conditions (low calcium concentration) and subsequently fully activated (high 

calcium) in the presence of BTS. 2D-X-ray diffraction patterns were recorded at low temperature 

(2°C) and at high temperature (20°C) in relaxation, as well as under activation after maximum force 

inhibition by BTS was achieved.  

At low temperature the resulting diffraction patterns at low and at high calcium concentration 

showed rather weak myosin layer lines, similar to what was observed previously in the presence of 

MgATPγS (3) or with MgADP.Vi (5), both analogs of the AM.ATP-state of the cross-bridges 

preceding ATP-cleavage. Weak myosin layer lines are typical for acto-myosin complexes in a pre-

cleavage conformation with low actin affinity, i.e. weak binding cross-bridge states which 

presumably have not yet reached the pre-power stroke “tail up” configuration. Obviously, BTS 

does not prevent cross-bridges to assume this conformation. At high temperature a clear 

intensification of the myosin layer lines was observed, indicating that a majority of the cross-

bridges now adopt a conformation typical for the AM.ADP.Pi pre-power stroke states prior to 
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phosphate release (6). This indicates that even upon binding to an activated thin filament at high 

temperature phosphate release was inhibited by BTS, which is consistent with previous findings in 

solution studies (2). 
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Dental enamel is the most highly mineralized and hardest biological tissue in human body [1]. The 
mineral which the dental enamel is almost made of is hydroxylapatite (HAP) - Ca5(PO4)3(OH), 
which occurs in prisms. Although HAP is the hardest mineral, it can be dissolved easily in a 
process, which is known as enamel demineralization by lactic acid produced by bacteria. In 
addition, the direct consumption of acid (e.g. citric, lactic or phosphoric acid in soft drinks) can 
harm the dental enamel in a similar way. When these processes go on too long, the damage of the 
dental enamel can be so big that it is dissolved completely and a cavity occurs. At this point, the 
health of the tooth is in serious danger cause now the dental pulp and the nerve can be also affected 
by the caries. The best would be to go to the dentist, so that the cavity could be cleaned and filled. 
The materials for a dental filling vary a lot. It could be gold, amalgam, ceramics or plastic material. 
When the filling is made, the danger for the health of the tooth is repelled. However, in the progress 
there can occur other dangers in direct combination with the filling. The mechanical properties of 
the materials used to fill cavities differ significant from the ones of the dental enamel. In the worst 
case, the filling of a tooth can damage the enamel of the opposite tooth, hence by chewing the 
interaction of enamel and filling is not equivalent, so that the harder filling can abrase the softer 
enamel of the healthy tooth at the opposite side. This could be avoided if the mechanical properties 
of dental enamel would be known in detail, hence then another filling could be searched or 
fabricated as an equivalent opponent for the dental enamel with equal properties. To find such a 
material, one has to characterize the properties of dental enamel first in detail, e.g. to get the 
anisotropic elastic modulus of human enamel. This could be done by texture analysis, hence a 
general strong relationship exists between crystallographic and morphological textures and the 
resulting mechanical and functional anisotropy of crystalline materials [2]. So far, the accurate 
arrangement of the HAP-crystals in the dental enamel is not known, only described as "highly 
complex" [1]. First results of the texture analysis for selected teeth are shown here. 

The examined teeth (4 incisors, 2 canines, 4 premolars and 6 molars) have been cut into slices of 
approximately 1mm thickness. These slices have been locally analysed by synchrotron transmission 
step measurements at the beamline BW5 at HASYLAB / DESY to get the texture information. For 
the evaluation of the date, the program MAUD [3] (a combined Rietveld-Texture Analysis) has 
been used, allowing to deal with overlappings of different (hkl). 

 

 

 

Figure 1: Exemplary pole figures from dental enamel. The pole figures show a very sharp and nearly ideal 
tilted fibre texture. Especially the (001) pole figure shows how sharp the texture can be in dental enamel. 

When looking at a typical set of pole figures (fig. 1) from the examined teeth, one could realize that 
all pole figures show collective fibres around one fixed axis. The spatial location of this rotation 
axis is likewise the location of the maximum pole density in the (001) pole figure. The pole figures 
can therefore be created by a rotation around the tilted normal of the (001) lattice plane. Hence this 
texture type can sufficiently be described by the (001) pole figure. All other examined locations in 
all teeth show that kind of texture type too. 

In figure 2 one can see the pole density distributions for the (001) lattice plane depending on the 
location within a selected tooth (tooth 17 – FDI notation; second molar). The pole figures show 
different textures for each measured data point, but the texture type is always the same (this texture 
type can be created by a tilted rotation around the normal of the (001) lattice plane). The position of 
the maximum in the (001) pole figure varies from measured point to point. When looking in detail 
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at the pole figures and the location within the tooth, it seems like texture varies continuous from 
data point to point. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2: Location dependence of the pole density distributions of the (001) lattice plane within the second 
molar (tooth 17 FDI notation – see yellow mark in the tooth scheme above).  

Concluding one could say that all measured data points in all different types of teeth show the same 
kind of texture type which can be created by a rotation around the tilted normal of the (001) lattice 
plane. This texture can be sufficiently described by looking only at the (001) pole figure. The pole 
density of the (001) pole figure differs with location within the tooth, but also seems to vary radial 
like continuous from point to point. 

Combining this texture information with planned light optical and SEM in-house investigations it 
will be possible to decode the inner structure of dental enamel and enamel prisms. With the local 
texture information, it is also possible to calculate the anisotropy of mechanical properties like the 
elastic modulus. This property information can then be compared with properties of conventional 
filling materials and the results may also lead to new and better-adapted filling materials. 

 

References 
 

[1] S.V. Dorozhkin, J. Mater. Sci. 42, 1061 (2007). 
[2] H.J. Bunge, Texture Analysis in Material Science, 2. Ed., Cuvillier Verlag Göttingen (1993). 
[3] L. Lutterotti, Proceedings of the Twelfth International Conference on Textures of Materials 

(ICOTOM-12), Vol. 1, 1599 (1999). 

-592-



Distribution of selected elements in atherosclerotic 
plaques of apoE/LDLR-double knockout mice subjected 

to dietary and pharmacological treatments 

M. Gajda1, J. Kowalska2, A. Banaś3, K. Banaś3, W.M. Kwiatek2, K. Rickers-Appel4 

1Department of Histology, Jagiellonian University Medical College, Kopernika 7, 31-034 Kraków, Poland 
2Institute of  Nuclear Physics, Radzikowskiego 152, 31-342 Kraków, Poland 
3Singapore Synchrotron Light Source, National University of Singapore, 5 Research Link, 117603 Singapore 
4Hasylab, DESY, Notkestraβe 85, D-22607, Hamburg, Germany 

Atherosclerosis is a multietiological inflammatory and degenerative vascular disease with growing 
incidence in westernized populations. Pathomechanism and treatment of this disease have been 
extensively studied on animal models for last decades. Recently, gene-targeted apoliporotein E and 
LDL receptor-double knockout (apoE/LDLR-DKO) mice have been engineered, representing a new 
murine model that displays severe hyperlipidemia and atherosclerosis. We have successively used 
apoE/LDLR-DKO mice to study biological effects of new antiatherosclerotic drugs and diets [1,2]. 
Furthermore, we applied synchrotron radiation microprobes to characterize elemental composition 
of atheromas in this animal model [3]. The aim of the present study was to show changes in the 
distribution of selected elements in atherosclerotic plaques of apoE/LDLR-DKO mice fed egg-rich 
proatherosclerotic diet supplemented or not with antiatherosclerotic drug perindoprilat. We have 
combined synchrotron radiation micro-XRF with histological stainings to determine distribution 
and concentration of the elements in histologically defined areas of atherosclerotic lesions. 

Fifteen female apoE/LDLR-DKO mice were used for the study. Up to the age of 2 months the mice 
were fed a commercial, cholesterol-free pelleted diet and then they were randomly assigned to one 
of three experimental groups fed for the following 4 months: i. AIN-93G diet (n=5; CHOW), ii. 
AIN-93 diet supplemented with egg-yolk lyophilisate (for details see [2], n=5; LIOPH), iii. AIN-
93G diet supplemented with egg-yolk lyophilisate and perindoprilat (2 mg/kg b.w., n=5; 
LIOPH/PERIND). Six-month-old animals were sacrificed; hearts with ascending aorta were 
dissected out and snap-frozen. Serial 10 µm-thick crossections of the aortic root were cut on 
cryostat and mounted either on poly-L-lysine coated slides (histology) or on 3 µm-thick Mylar foil 
(microprobe). Consecutive slides were stained with oil red O (ORO; red) for the demonstration of 
lipids and double immunostained: CD68 for macrophages (green) and smooth muscle actin (SMA) 
for smooth muscle cells (red).  
All micro-XRF measurements were carried out at beamline L of the storage ring DORIS III. The 
primary photon energy was set to 17.5 keV by a multilayer double monochromator. A polycapillary 
half-lens was used for beam focusing, hence the final beam size on the sample was approximately 
15 µm in diameter. Emitted elemental spectra were recorded with Vortex SDD detector. Two-
dimensional maps were acquired from lesional areas of the aortic root with surrounding cardiac 
muscle (resolution 15 µm, time of acquisition 5 s from each point). From morphologically defined 
areas, precise point spectra were recorded (resolution 15 um,  time of acquisition 300 s). The results 
were normalized to beam current, thickness of sample and time, and expressed in arbitrary units 
(mean ± SD). 

Based on histological stainings, more advanced atherosclerosis expressed by total area occupied by 
lipids, number of macrophages and smooth muscle cells was observed in animals fed egg-rich diet. 
The perindoprilat treatment slightly attenuated these effects (see figures below). In animals fed egg-
rich diet, higher concentrations of Ca, P, K and lower concentrations of Cl, Cu, Fe, Se, Zn in 
atheromas were seen in comparison to chow diet-fed animals. After perindoprilat treatment, 
concentrations of Ca, Cl, Cu, K, Se and Zn showed the tendency to achieve levels like in chow diet-
fed animals. 
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Figure 1:  Relative concentrations of selected elements in atheromas of control group (CHOW), animals fed  
egg-rich diet (LIOPH) and mice fed egg-rich diet including perindoprilat (LIOPH/PERIND). 

 
Figure 2:  Histological stainings (ORO; CD68/SMA) of aortic roots of mice from groups LIOPH and 
LIOPH/PERIND. Distributions of Ca and Zn in corresponding areas (marked yellow on ORO pictures). 
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Amyloidogenic Model Peptides at the Air-Water Interface
Part II: X-ray reflectivity
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Specular X-ray reflectivity experiments were performed at the beamline BW1. X-ray reflectivity
has been used to obtain the electron density profiles normal to the interface. A picture of the
structure and location of the surface bound peptides and the type of their interaction could be
achieved.
After normalization to FRESNEL reflectivity, the depicted electron density profiles (figure 1) were
obtained without using model assumptions, but using a linear combination of b-splines [2], [3].
The profiles are normal to the interface starting with the electron density of air (0) and ending with
the electron density of H2O. They could afterwards be fitted using a box model assuming a pile of
homogeneous boxes of certain thickness d, electron density ρ/ρH2O and roughness (table 1).

Figure 1: Electron density profiles of VW29 layer without (black line) and with Cu2+-ions (red line) or Zn2+-
ions (green line), obtained by a model free sum of b-splines fit (20◦C, 0.3 µM VW29, 0.6 µM Me2+, 10 mM
PBS, pH 7.4, 150 mM NaCl, π = 20 mN/m). [1]

Peptide layers which result from adsorption without further compression differ according to the
metal ion present in the sample (inset of figure 1). Compared to the pure peptide layer (black line,
maximum at 1.17), the maximum electron density ρ/ρH2O of both metal ion containing layers (red
and green lines, maxima at 1.19) are slightly higher. This is a strong indication for a contribution of
the incorporated metal ions. Obviously, Cu2+ and Zn2+ have different binding properties, resulting
in different structures of the surface layer. In the case of Cu2+ binding, the maximum electron
density is shifted to a position closer to the subphase compared to the pure peptide layer. Zn2+-
binding on the other hand leads to a shift of the maximal electron density to a position closer to the
air.
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Table 1: Box model data for a pure VW29 layer and interacting with Zn2+ or Cu2+ after compression to
30 mN/m, 1st box pointing toward air, 2ndbox containing the main layer and metal ions, 3rdbox pointing
toward subphase containing unstructured peptide ends. [1]

30 mN/m
1st box 2nd box 3rd box

VW29 d / Å ρ/ρH2O d / Å ρ/ρH2O d / Å ρ/ρH2O

without Me2+ 4.9 0.46 17.7 1.21 13.1 1.05
Cu2+ 4.2 0.28 10.6 1.10 5.5 1.50
Zn2+ 6.0 0.80 3.8 1.69 12.3 1.11

To describe the electron density profile of a pure peptide layer correctly, two boxes are necessary,
but three boxes have a better correlation to the data (table 1). The first box, pointing toward the
air, contains presumably some peptide side chains pointing into the air. A second box contains the
β-sheet layer and the complexed metal ions.
The third box limiting the peptide layer toward the water subphase is indicative of rather dilute
and unordered layers. This might be formed by unordered peptide ends hanging unfolded into the
water (explaining the shorter end-to-end distance found with GIXD) or a second adsorbed layer that
interacts with the β-sheet layer and not with air so that it has no trigger to rearrange into β-sheets.

Figure 2: Possible structure of the VW29 peptide layers at the air-water interface; without metal ions or
complexed with Cu2+ or Zn2+ ions respectively. [1]

In the complexed layers the metal ion is either situated in a defined layer close to the air (Zn2+) or
closer to the subphase (Cu2+), that means bound to the upper or lower face of the β-sheet layer.
A first hypothesis of the structure at the surface is given in figure 2.
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The recently discovered new antimicrobial peptide Arenicin [1], which was isolated from 
sandworm, is now widely under investigation. Especial interest represents the study of its 
properties at the air-water interface as a pre-study of its behaviour at model membrane surfaces. 
The non-cyclic form of Arenicin, which differs from the original sequence by substitution of two 
cysteine residues forming a disulfide bridge by two serine residues, is hydrophilic and can be 
therefore dissolved in aqueous phosphate buffer with additional sodium chloride. The peptide 
possesses surface activity and adsorbs to the air-buffer interface. 

The peptide secondary structure in bulk was determined by CD measurements. The main 
contribution is from a beta-turn with some beta-sheet and random coil contents. Time-dependent 
surface pressure measurements of the buffer solution of this peptide showed that the adsorption to 
the air-buffer interface reaches an equilibrium value after 2 hours. The adsorption layer is very 
stable and can be investigated by specular X-Ray reflectivity (XR) and infrared reflection-
absorption spectroscopy (IRRAS) experiments. XR measurements were performed at the liquid-
surface diffractometer at BW1 in order to gain detailed information about the electron density 
profile. The depicted electron density profile (Figure 1) was obtained from the reflectivity curve 
using a linear combination of b-splines following the approach of Pedersen and Hamley [2, 3]. The 
profile (Figure 1) can be described by a ‘one box model’. The box thickness is approximately 12 Å, 
and the roughness of the layer is only 3 Å showing that the peptide adsorption layer is tightly 
packed and very smooth. 
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Figure 1: Electron density profile of the Arenicin adsorption layer at the air-buffer interface. 

 

IRRAS has been applied to determine the secondary structure of the adsorbed peptides and their 
orientation. IRRA spectra show the presence of an anti-parallel beta-sheet at the air-water interface 
(amide I bands at 1627 cm-1 and 1691 cm-1). The beta-sheet lies flat at the interface what agrees 
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well with the observed layer thickness of 12 Å. The question arose whether this adsorption layer is 
crystalline with well-ordered structures, which can be studied using Grazing Incidence X-Ray 
Diffraction (GIXD). Indeed, Bragg peaks have been observed. The Bragg peak at 1.317 Å-1 
corresponds to a repeat distance of 4.77 Å, which is the typical interstrand distance defined by the 
hydrogen-bond network in a beta-sheet conformation (Figure 2). The intensity and position of this 
peak does not vary during the compression of the film. The full-width at half-maximum (fwhm) of 
this peak shows a correlation length of 60 Å. A second Bragg peak can be seen at lower Qxy values. 
This peak is associated with the peptide ordering along the peptidic backbone with a repeat distance 
of 36.3 Å, which nicely coincides with half the length of the peptide in a fully extended 
configuration. Both peaks do not change during compression. This means that the peptide after 
adsorption does not change its conformation and remains as a hairpin forming anti-parallel 
intramolecular beta-sheets (with a beta-turn). The correlation length in the longitudinal direction 
amounts to 370 Å. 

Figure 2: Bragg peaks (in-plane scattering vector component) of the Arenicin adsorption layer at the air-
buffer interface. 

 

The full-width at half-maximum (fwhm) of the longitudinal Bragg rod allows an estimation of the 
film thickness Lz : Lz = 0.9·2π/fwhm(Qz) = 16.5 Å. This value is larger than expected for a flat 
beta-sheet monolayer, and larger than determined by XR. A possible explanation could be that the 
peptide molecules at the air-water interface have not only the turn between two beta-strands, but 
they might be also twisted or bended in the middle of each beta-sheet part of the molecule.  
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Background 
One of the most spectacular recent achievements in systematic entomology was the identification of 
termites as social cockroaches. While their systematic position as closest relatives of the 
wood-feeding roach Cryptocercus is widely accepted, it is completely unknown which 
morphological adaptations took place in the transition zone between omnivorous solitary 
roaches, wood-feeding and gregarious Cryptocercidae, and highly organized, eusocial, multi-
caste termites. The aim of our study was to investigate structural changes in the head and 
thorax and their possible correlation with the modified life style. 

 
Material and specimen preparation 
We examined Cryptocercus punctatus, the American roach Periplaneta americana, and all 
three castes of Mastotermes darwiniensis – the presumingly most basal termite. Adult female 
specimens of these species were fixed in 70% ethanol, dried at the critical point and mounted 
on metal carriers.   

 
Results 
The high quality and high density resolution of the scans obtained at beamline BW2 with 
8KeV ensured a very efficient in-depth evaluation of the produced data. Detailed descriptions 
and illustrations were generated using 3D-reconstruction programs (Amira and Maya). The 
time frame of the investigations was minimized compared to a study using traditional 
techniques such as serial sectioning. Based on the well documented detailed morphological 
data we were able to identify several characters unique to the wood-feeding and subsocial 
roach Cryptocercus and the termites, thus further supporting their close relationship. The 
morphological adaptations in the cephalic region are mostly linked to xylophagous habits and 
include among others rasping fields of lamellae on the mouthparts. Our results strengthen the 
hypothesis that the social behaviour observed in both groups might have evolved along with 
the change of diet: wood did not only serve as nutrient  but also provided a shelter from 
predators, thus allowing the insects to invest the gained energy in parental care.   

Outlook 
Our investigations were carried out in the framework of an extensive project on the phylogeny 
and evolution of the “lower neopteran insects” (Polyneoptera). This extensive lineage 
includes roaches, termites, mantids, grasshoppers, earwigs, stick insects, stoneflies and some 
more obscure groups of insects. In addition to the head and thorax, other morphological 
character systems like the pregenital abdomen, the female genitalia, the wings and the wing 
articulation will be studied. The morphological characters will be combined with molecular 
data and analysed phylogenetically. The compilation of the required very extensive 
morphological data set would not be possible in a reasonable time frame without the use of 
SRµCT facilities.    
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Figure 1: Head of the alate caste of the termite species Mastotermes darwiniensis seen from 
above. A: SEM image; B:  Reconstruction based on image stacks acquired at DESY beamline 
BW2: Cuticle rendered transparent; red: musculature; green: gut; blue: mouthparts and 
skeletal elements. 
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Figure 1: Head of the alate caste of the termite species Mastotermes darwiniensis seen from above. 
A: SEM image; B:  Reconstruction based on image stacks acquired at DESY beamline BW2: 
Cuticle rendered transparent; red: musculature; green: gut; blue: mouthparts and skeletal elements. 
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The success of gene therapy is highly dependent on the DNA delivery vector. In addition to viral 
vectors, non-viral vectors that are much less immunotoxic have drawn significant attention. Use of 
non-viral vectors in clinical trials has increased, and recently achieves ~25 % of all clinical trials. 
Cationic liposomes as delivery vector (lipofection) represent ~7.5 % of all gene therapy clinical 
trials [1]. The investigation of gemini surfactants (GS) is focused on their application in the 
development of synthetic gene delivery vectors. GS are amphiphilic molecules containing two polar 
head groups and two aliphatic chains linked by a spacer. GS have shown good transfection activities 
both in vitro [2] and in vivo [3]. The studies of the structure - activity relationships of GS revealed 
the effect of the spacer and acyl chain lengths on the transfection activity [4]. Generally, three 
different microstructures were identified in DNA - cationic lipid aggregates: condensed lamellar 
phase (Lc) with ordered DNA monolayers intercalated between lipid bilayers, ii) condensed 
columnar inverted hexagonal phase (HII

c) with linear DNA molecules surrounded by lipid 
monolayers forming inverted cylindrical micelles arranged on a hexagonal lattice, iii) condensed 
columnar hexagonal phase (HI

c) with cylindrical lipid micelles arranged on a hexagonal lattice and 
with linear DNA molecules forming a honeycomb lattice in the interstices of this lipid arrangement 
[5]. The microstructure of the DNA - cationic liposome aggregates and the surface charge density of 
the cationic liposomes play a key role in transfection activity [2]. 

The gemini surfactant alkane-1,3-diyl-bis(dodecyldimethylammonium bromide) (C3GS12), 
prepared at our faculty [6], was used in the experiment. Aggregates were formed due to interaction 
of highly polymerized calf thymus DNA with hydrated mixture of dioleoylphosphatidyl-
ethanolamine (DOPE) and C3GS12. The molar ratio C3GS12:DOPE varied in the range 0.1 – 0.3 
mol/mol. The aggregates were prepared at isoelectric point, C3GS12:DNA=0.5:1 mol/base in the 
0.15 mol/l NaCl solution. Small-angle X-ray diffraction experiments were performed at the 
beamline A2 at HASYLAB, DESY.  

Fully hydrated DOPE forms a columnar inverted hexagonal phase (HII) at 20 oC (not shown). The 
aggregates DNA+DOPE+C3GS12 form a condensed lamellar phase (Lα

c) in the range of molar ratio 
0.3≥C3GS12:DOPE≥0.15. The regular packing of DNA strands is manifested with the broad 
reflection in SAXD patterns (Fig. 1). Diffractograms of samples at very low surface charge density  
(C3GS12:DOPE<0.15 mol/mol) show the superposition of two phases. We identified the 
coexistence of Lα

c phase and a condensed inverted hexagonal phase (HII
c) (Fig. 1). The obtained 

lattice parameter a~7 nm corresponds well with our previous results [7]. The repeat distance d of 
Lα

c phase slightly decreases (d ~7.0 – 6.5 nm, 20 °C) with the increasing C3GS12 volume fraction 
(Fig. 2). The distance between DNA strands, dDNA, displays significant dependence on the molar 
ratio C3GS12:DOPE, and decreases from 5.60±0.05 nm to 4.00±0.05 nm with increasing 
C3GS12:DOPE molar ratio.  

C3GS12 have shown excellent transfection activity [3,4]. The C3GS12+DOPE liposomes condense 
DNA already at very low surface charge density, and aggregates are stable under the conditions of 
physiological ionic strength. The most probably, the length of spacer and thus the N+-N+ distance in 
C3GS12 fits well with the distance between DNA phosphate groups, and optimize the interaction. 
At the molar ratio C3GS12:DOPE<0.15 the volume fraction of C3GS12 is too low to stabilize the 
lamellar structure and a part of mixture adopts the hexagonal phase.  
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Figure 1. SAXD patterns of DNA+DOPE+C3GS12 
aggregates at 20 °C (intensity is in logarithmic scale).  The 
arrow indicates the reflection from DNA. The triangles 
mark reflections of HII

c phase. 

Figure 2. The dependence of the structural parameter d (,) 
and dDNA (&) as a function of C3GS12:DOPE molar ratio.  

 
 

 
 
 
Acknowledgement: The research leading to these results has received funding from the European Community's 
Seventh Framework Programme (FP7/2007-2013) under grant agreement n° 226716 (HASYLAB project I-20080187 
EC), by the JINR project 07-4-1069-09/2011, and by the VEGA grant 1/0292/09 to DU. DU and PP thank to the staff 
of HASYLAB for their hospitality. 
 
References 

 
[1]  M.L. Edelstein, M.R. Abedi, and J. Wixon, J. Gene Med., 9, 833 (2007); and 

http://www.wiley.co.uk/genmed/clinical 
[2]  A.J. Lin, N.L. Slack, A. Ahmad, C.X. George, Ch.E. Samuel, and C.R. Safinya, Biophys J., 84, 3307 

(2003).  
[3]  I. Badea, R.Verrall, M. Baca-Estrada, S. Tikoo, A. Rosenberg, P. Kumar, and M. Foldvari, J. Gene 

Med. 7, 1200 (2005). 
[4]  S. D. Wettig, R. E. Verrall, and M. Foldvari, Current Gene Therapy 8, 9 (2008). 
[5]  R. Dias and B. Lindman, DNA Interactions with Polymers and Surfactants. Hoboken, New Jersey: 

John Wiley & Sons, Inc. 276 (2008) 
[6]  T. Imam, F. Devínsky, I. Lacko, D. Mlynarčík, and L. Krasnec, Pharmazie 38, 308 (1983)  
[7]  P. Pullmannová, D. Uhríková, S.S. Funari, I. Lacko, F. Devínsky, and P. Balgavý, Acta Facult.     

Pharm. Univ. Comenianae 55, 170 (2008) 

-604-



The Micro-Architecture of the Root-PDL-Bone 
Interface  

M. Dalstra, P.M. Cattaneo, J. Herzen1 and F. Beckmann1

Dept. of Orthodontics, University of Aarhus, Vennelyst Boulevard 9, 8000 Aarhus C, Denmark 
1GKSS Research Center Geesthacht, Max-Planck-Str. 1, 21502 Geesthacht, Germany 

 

The root-PDL-bone (RPB) interface is important for a correct understanding of the load transfer of 
masticatory forces and orthodontic loads from the teeth via the periodontal ligament (PDL) and the 
alveolar bone to the rest of the jaw. For the approximation of the magnitude of the contact stresses 
between root and bone for a given load applied to a tooth normally a smooth ellipsoidal RPB 
surface is assumed, but how valid is this assumption really? It is the aim of this study to assess the 
three-dimensional structure of the RPB interface in human material using high-resolution micro-
tomography. 

The experiments which could be performed in 2009 form part of a larger project to study the 3D 
structure of alveolar bone in human jaw segments [1,2,3,4]. For the experiments a human 
mandibular jaw segment, obtained at autopsy from a 22 year old male donor was available. The 
segment contained two premolars and two molars and it was embedded in a block of 
methylmetacrylate (∅ 28 mm, height 30 mm) for conservation purposes. In an earlier session [3,4] 
the block had first been scanned as a whole using the microtomography device of GKSS at 
beamline W2 with a photon energy of 64 keV. Normally, tomographical scans are performed with 
this device by acquiring 720 X-ray attenuation projections equally stepped between 0 and π. 
However, as the width of the sample was larger than the field of view of the detector, a special 
scanning technique had to be used. The detector was set to a field of view of 14.7 mm x 9.8 mm 
(width x height), pixel size 9.6 μm, and a measured spatial resolution of 31.4 μm. The rotation axis 
was set near the border of the detector and the scan was performed obtaining radiograms between 0 
and 2 π. Before reconstruction the projections of 0 .. π and π..2π were combined to build one 
tomographical scan from 0 .. π for the entire scanned height. This procedure had to be repeated at 7 
slightly overlapping heights to cover the full length of the sample. Finally, a back-filtered 
projection algorithm was used to obtain the 3D data of the X-ray attenuation for the entire sample. 
After this scanning session, the block containing the sample was trimmed to allow easy access to 
the first molar. This tooth and its surrounding bone were then removed with a 10mm hollow core 
drill. From the resulting cylindrical sample 6 smaller samples of the RPB complex (2 from the 
mesial surface, 2 from the distal surface and 2 from the interradicular area) were drilled out in the 
buccolingual direction with a 1.5mm hollow core drill. These samples were subsequently scanned 
at beamline BW2 with a photon energy of 19 keV. The detector was set to a field of view of 2.24 
mm x 1.49 mm (width x height), pixel size 1.5 μm, and a measured spatial resolution of 4.1 μm. 
Also here, scanning had to be repeated at 6 or 7 slightly overlapping heights to cover the full 
lengths of the samples and a back-filtered projection algorithm was used to obtain the 3D data of 
the X-ray attenuation for the entire sample. 

Due to the high resolution of synchrotron-based tomography the micro-architecture of the RPB-
interface can be visualized with minute details (Figure 1). The surface of the lamina dura of the 
alveolar bone is not smooth, but features bony spiculae protruding into the PDL and openings to 
allow for blood vessels to communicate between the PDL and the bone marrow on the other side 
oif the lamina dura. Zooming in on the lamina dura (Figure 2), the lacunae of the bone cells 
(osteocytes) can clearly be seen. Osteocytes are thought to act as mechano-receptors and thus play 
an important role in bone remodeling processes. With these osteocytes so prominently present in 
the bone directly in contact with the PDL, it can be concluded that any changes in the load transfer 
between tooth and jaw bone, will be detected by the osteocyte network in the alveolar bone. 
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Figure 1: Cylindrical sample (∅ 1.5 mm) with the root at the top, right and the trabecular alveolar bone 
bottom, left. Note the gap of the PDL roughly cutting obliquely through the middle of the sample. 

 

Figure 2: 3-D reconstruction of a detail of the RPB interface in the above sample. On the right, false 
colouring has been used to visualize the bone marrow/PDL (yellow) and the osteocyte lacunae 
(red). It shows that the osteocytes can be found in the bone right next to the PDL. 
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Background 
Analysing the inner morphology of “basal” Hexapoda (Zygentoma, Archeognatha, Diplura, Protura 
and Collembola) is the first part of a bigger project on the phylogeny of the recent four major 
arthropod groups. In further projects we plan to add certain Crustacea, Chelicerata and “Myriapoda” 
to reconstruct a morphological ground-plan of the leg and corresponding trunk region for these taxa. 
We aim to infer robust theories on their phylogenetic evolution with the SRµCT approach. Focus of 
the present part was a detailed account of the coxa-trunk region of “basal” Hexapoda. 
 
Material and specimen preparation 
Adult specimens of Protura, Diplura, Zygentoma, Collembola and Archaeognatha were freshly 
collected into Bouin's solution (Dubosq-Brasil), transferred to 70% EthOH after a few days and 
subsequently critical point dried to avoid image noise due to fluids influencing the scan process. For 
maximum field of view the antennae were cut off when necessary, but legs remained. Specimens 
were mounted on metal holders with superglue and acclimatised in the scan chamber to avoid any 
movements due to unintended specimen movement or temperature changes. All specimens were 
scanned with a stable photon energy of 8 keV at the beamline BW2 of DESY HASYLAB 
synchrotron facilities. 
 
Results 
We obtained detailed scans of head, thorax and abdomen in most cases. Resolution was good 
enough to reconstruct the coxa trunk region of several specimens. Exemplary we show 
reconstructions in the region of the third coxa of Machilis germanica (Archaeognatha). The results 
suggest to take a closer look on the hypothesised pattern of Epipleurites (EP) and 
Trochantinopleurites (TP) of Bäcker (Bäcker et al. 2008). In the present contribution we named 
these structures according to Snodgrass (Snodgrass 1935) Anapleurite (AP) and Coxopleurite 
(CxP). Through the results from SRµCT at DESY HASYLAB we are now able to analyse the 
muscle equipment in functional conjunction with the aforementioned sclerites. This will give us a 
clearer view on the evolution of this character complex, so that we will be able to infer more robust 
morphological hypotheses about the evolution of the analysed taxa. 
 
Outlook 
The achieved results will be incorporated into a phylogenetic data matrix and analysed cladistically. 
Our further studies will focus on certain taxa of Crustacea, Chelicerata and “Myriapoda”. We hope 
to realise subsequent beamtimes in the future so that we can assess the character complex of sclerites 
and corresponding muscles in these taxa as well. One of our additional future efforts will be to 
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realise also high resolution scans of very small key taxa inside these major arthropod groups using 
SRµCT. 
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Figures 1-3  Muscle and sclerite system at the left proximal metacoxal region (3rd Coxa) of M. germanica 
(Archaeognatha).  Fig 1  left lateral view; Fig 2 view from upper right; Fig 3 view from upper anterior to 
posterior.  3D-reconstructions from SRµCT data. Scantime: 90 min. Voxelsize: 2,7 µm (isotropic voxels). 
Tergum and leg made semitransparent for better visualisation. T Tergum; C Coxa; TR Trochanter; F 
Femur; CxP Coxal process; S Spina;  AP Anapleurite; CxP Coxopleurite; T-ti 1 Tergo-trochantial muscle 
1; T-ti 2 Tergo-trochantial muscle 2; T-ti 3 Tergo-trochantial muscle 3; T-ti 4 Tergo-trochantial muscle 4; 
MCTl-1  Musculus coxatrochanteralis lateralis 1; MCTl-2 M. coxatrochanteralis lateralis 2; MCTd M. 
coxatrochanteralis medialis; STa Spina-Trochantin muscle. Muscles named according to Kéler (Kéler 
1963) and Matsuda (Matsuda 1970).  
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Biodegradable magnesium alloys are currently changing the paradigm in biomaterial sciences to 
design only corrosion-resistant metal implants [1]. The aim of the proposed experiments is to 
evaluate the tissue-material interface of biodegradable nano-structured magnesium alloys. In this 
experiment, we are investigating the tissue adjacent to the implant as well as the corrosion 
behaviour by following the morphological changes as well as the changes in elemental distribution 
at the interface. Furthermore, we are focussing on the spatial distribution of the released elements 
from the corrosion magnesium alloy in the corroding magnesium alloy and its biological vicinity. 
The time-dependent corrosion changes at the interface have been investigated using element-
specific tomography at beamlines BW2 and HARWI-II. It has been observed that the element zinc 
is homogenously distributed in the metallic alloy, but accumulates at the interface of the corroding 
magnesium implant (Fig.1). Further implications of this finding for future alloy design and the 
understanding of in-vivo corrosion processes need to be investigated. 

 

Figure 1: Accumulation of the element zinc (white arrow) at the interface of a corroding magnesium alloy in 
bone. A quite uniform distribution of zinc can be assumed in the non-corroded alloy (black asterisk) and in 

the corrosion layer (white asterisk). 
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The aim of this project is to examine the structure of cytoskeletal and contractile proteins in muscle. 
Several severe genetic diseases affect muscle function and have significant impact on life and life 
expectancy of affected individuals. Today extensive genetic screening approaches on human 
samples identify novel candidate genes for cardiac and skeletal muscle myopathies. Several of the 
effects genes are cytoskeletal or contractile and in many cases their function and structural 
arrangement are unknown. The muscle contractile proteins actin and myosin are filamentous and 
small angle x-ray diffraction can provide high-resolution data on their arrangement. Our approach is 
to combine functional data from the Karolinska Institutet laboratory with structural information 
obtained at the beam line for small angle x-ray diffraction A2 at HASYLAB.  

We have previously examined transgenic mice with genetic ablation of specific cytoskeletal 
proteins [1] and reported that lack of desmin, which anchors the Z-lines of muscle, affects force 
generation and contractile filament spacing. During the recent year, we have performed new 
measurements on filament spacing in muscle from different animal species to examine if there is a 
relationship between animal size and filament arrangement. The preliminary x-ray data suggest a 
correlation and we are now combing these structural investigations with additional functional 
studies of muscle properties in our home laboratory. The structure of the motor proteins in the 
contractile system is also influenced by the chemical state and we have during the last year 
examined structure of skeletal muscle preparations in the presence of a specific inhibitor of motor 
protein function (Blebbistatin, [2]]). These data have been presented in preliminary form (thesis [3]) 
and are now summarized for publication.  

To examine structure/function relationships of specific cytoskeletal and contractile proteins we have 
developed a platform for analysis of muscle function and structure in the Zebrafish larvae. In this 
animals it is possible to directly “knock-down” specific proteins with morpholino antisense oligo-
nucleotides. We were the first to combine functional studies of the larval muscles with small angle 
x-ray diffraction structural investigations ([4] see also editorial comment in [5]). During 2009 
additional experiments have been preformed on normal Zebrafish larval preparations and during 
2010 we will approach animals with specific knockdown of genes.  
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Figure 1. Photograph of the piezo-driven microstretching 
device mounted on top of a high precision hexapod at beamline 
BW4 along with the beamline’s coordinate system. The inset 
shows a blow-up of the microstretching device. 
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Natural silks exhibit extraordinary mechanical properties, as they combine high tensile strength 
with a high elongation at failure. Due to their remarkable mechanical properties and potential 
medical applications the ability to synthesize silk has been longed for by many fields of industry up 
to date. However, the nanoscopic structure of silk is still a matter of debate and none of the efforts 
to synthesize silk so far have led to fibres with comparable mechanical properties as the bio-spun 
fibres. The toughest silk known is spun by spiders. However, it has recently been shown that, 
chemically and rheologically closely related, silkworm silk could reach comparable parameters in 
an optimised spinning process [1]. Silkworm silk fibroin is a semicrystalline nanocomposite. 
Generally speaking, it consists of a soft, more or less amorphous matrix into which beta-sheet 
protein nanocrystals are embedded [2], whose unit cell c-axis shows a high degree of orientation 
along the fibre axis. It is generally accepted that the amorphous phase provides for the flexibility of 
the fibre while the crystallites act as energy absorbing, nanoscopic springs thus permit the fibre to 
withstand large elongation prior to breaking. 

However, the mechanical models of silk available today do not satisfactory connect the nanoscopic 
structure and the macroscopic properties of the fibre. For example, the supposed high rigidity of the 
nanocrystals in Termonia’s cross-linked rubber model [3] has been questioned by X-ray diffraction 
results [4]. In the model of Vollrath and Porter [5,6] the deformation processes in the crystals and 
the disordered regions are neglected. Our aim is to establish a model for silk incorporating the 
macroscopic mechanical behaviour (in particular 
viscoelasticity) on the basis of its semicrystalline 
morphology and have it to be consistent with our 
previous mechanical experiments and SAXS/WAXS 
data (small and wide angle X-ray scattering, 
respectively). In terms of stress uptake in dry silk 
this data indicates that the crystallites and the 
amorphous phase act as arranged in series (known as 
Reuss model) i.e. there are no shear forces in dry 
silk. However, this no longer holds for humid silk. 
In this case the linear relationship between the 
macroscopic strain of the fibre and the strain of the 
crystallites does not persist [7].  

A major drawback to full understanding of the 
underlying processes is the incomplete knowledge 
of the silk fibre structure on a nanometre sized 
length scale. In fact, only little is known about the 
very shape of the crystallites. Particularly in doubt is 
the structure of the interfacial region between the 
crystallites and the amorphous matrix and its 
modification due to presence of free water in the 
amorphous phase. An attempt to fill in this gap was 
a SAXS experiment on silk bunches which we performed in 08/2009 at the beamline BW4 of 
HASYLAB as a complementary measurement to the SAXS experiment with in situ tensile tests 
performed in 04/2009 [8]. The intention was to provide additional 3-dimensional information about 
the reciprocal space shape of the crystallites, as it is accessible in through a SAXS experiment. 
When the detection plane in reciprocal space is tilted and diffraction images for each orientation are 
recorded, a set of different projections of the (3-dimensional) reciprocal space shape onto the 
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Figure 2. A series of SAXS images recorded from a slightly stretched silkworm silk 
fibre bunch (1% strain) at different tilt angles (tilt around x-axis). The tilt angle value 
is shown in each tile where 0° corresponds to the fibre being oriented vertically, i.e. 
perpendicular to the incident beam. Each shown section corresponds to a q-range of 
±1nm-1 by ±0.5nm-1. In the middle of each image is the beamstop shadow is visible. 

detection plane can be obtained. This additional information can be used in the reconstruction of 
the real space shape, which in turn is based on Fourier back-transform of the recorded projections. 

To achieve this, we have mounted the piezo-driven microstretching device (as described in [7]) 
onto a high precision hexapod (PI M-824), by this allowing us to rotate the sample’s orientation 
with respect to the incident beam freely within a certain range. By tuning the freely adjustable pivot 
point, this being a main feature of a hexapod, we were able to ensure that all rotation was 
performed around a fixed point within the fibre bunch, which in turn could be set under variable 

tension. A single silkworm silk fibre 
is typically 10-15 µm in diameter. 
Due to the many times larger focal 
spot at the employed beamline the 
signal to noise ratio, hence the 
processability of the collected data 
was substantially increased by using 
bunches of ~10-20 fibres instead of 
single fibres.  

As depicted in figure 2 (tilt 0°) 
silkworm silk SAXS patterns exhibit 
a rhomb shape, as it is expected for a 
size distribution of fibroin 
nanocrystals imperfectly aligned 
around the fibre axis. However, a 
distinct smearing is apparent not only 
because of the imperfection of the 
crystallites’ alignment but as well due 
to the fact that fibre bunches were 
used rather than single fibres. This 
way the recorded SAXS patterns 
average about whole ensembles of 
slightly misoriented fibres. Still, the 
scattering patterns are very sensible 
to the applied tensile stress and 
indicate a relaxation time of ca. 1-3h. 
The series shown in figure 2 shows a 
set of 8 diffraction images recorded at 
different tilt angles (tilt around x-
axis). The measurements started at 0° 
(i.e. no tilt, fibre is oriented vertically, 

perpendicular to the incident beam) and the tilt was gradually increased by 5° until the maximum 
available tilt of 30° was reached. With increasing tilt the sharp features of the meridional edges 
gradually disappear, as can be seen most clearly in the last step from 30° tilt back to vertical 
orientation. Additional tilting was performed around the z-axis (not shown here) and y-axis (no 
effect due to fibre symmetry) although the tilt range for these axes was significantly smaller. The 
most striking modification of the scattering pattern, however, was achieved by the shown tilt 
around the x-axis and taken together it indicates that the underlying 3-dimensional reciprocal space 
shape resembles a spinning top. To gain more details about the real space shape of the nano-
crystallites, a less amount of averaging in the scattering pattern is crucial. Thus, at the most single 
fibres need to be investigated with the technique shown here and a much smaller, high flux density 
x-ray spot therefore appears to be essential for a more detailed evaluation of reciprocal space shape 
of the crystallites. Further evaluation of the recorded SAXS-data is currently in progress. 
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The visualisation of the shape and location of plaques in human coronary arteries is 
crucial for the theoretical and experimental evaluation of coronary artery morphologies 
commonly observed in atherosclerosis. Using high-resolution synchrotron radiation-
based micro computed tomography (SRµCT) it is possible to image the detailed 
morphology of calcifications and importantly, their impact on the artery lumen. To this 
end, absorption contrast SRµCT measurements were made of two human coronary 
arteries displaying moderate calcifications. The arteries preserved in formaldehyde were 
fixed in sealed tubes to avoid any safety problems. Before measurements, air bubbles 
were removed from each sample by overnight storage in vacuo.  

The data acquisition took place at the beamline BW 2, where the GKSS-research team 
operates the SRµCT. The first artery, with the surrounding fatty tissue serving as a 
support for the artery, was removed at the forensic medicine morgue of the University of 
Hamburg and cut to a size that fitted into the Eppendorf tube. Nine tomograms, each of 
which was 2 mm high, were reconstructed from 721 projections per tomogram using the 
standard filtered back-projection algorithm. The photon energy was 15 keV. The pixel 
size was selected as 5.2 µm, which resulted in a spatial resolution of 8.4 µm deduced 
from the 10% value of the modulated transfer function. The fatty tissue of the second 
artery prepared at the Anatomy Department of the University of Basel was removed 
before the specimen was fixed in the tube by means of a piece of plastic. The area of 
interest around two bifurcations was recorded using five sets of 721 projections, each 
with a height of 1.7 mm. Using a photon energy of 23 keV, the pixel size corresponded to 
4.9 µm (spatial resolution 7.4 µm). 

For ease of handling and to improve the density resolution [1], the raw data was binned 
by a factor of two. In the case of the first artery, although the plaque was clearly visible 
due to its high absorbance, the image quality was insufficient to segment a clear outline 
of the vessel lumen. Therefore, no detailed analysis of the morphology of the plaque 
containing segments of the lumen was possible. This behaviour was the result of the 
similarity between the absorbance values of the different kinds of tissues and the 
formaldehyde used. The images from the second artery, however, allow visualizing cross-
sections of the lumen including the morphology of the plaque containing parts (cp. 
Figure 1 below). It has to be noted, however, that this artery exhibits a plaque-induced 
occlusion that is much smaller than that observed in symptomatic late stage coronary 
heart disease, where 70% occlusions are typical [2]. 

Figure 1 shows four virtual slices of the SRµCT, which illustrate the power of the method 
in segmenting different features, i.e. plaque from yellow to white, surrounding muscle 
tissue from black to green and the vessel walls in lighter gray. One clearly recognizes the 
vessel bifurcation because of the slightly different absorption of the vessel wall with 
respect to the surrounding liquid. The open lumen can be quantified from the tomography 
data, although many artefacts from the strongly absorbing plaque are present. 
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Figure 1: Virtual slices of a plaque-containing coronary artery generated coloured using 
VGStudio Max 2.0 (Volume Graphics, Heidelberg, Germany). 

SRµCT as employed for the second artery will permit the quantitative analysis of the 
morphology of calcified human coronary arteries at critical level atherosclerosis. 
Therefore, we are going to perform further measurements according to this protocol to 
study the atherosclerotic plaque formation. Imaging of more critically stenosed arteries 
would provide information on the common morphologies of coronary arteries at the 
critical stages of atherosclerosis, i.e. during myocardial infarction. 
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Background 
As soon as 350 B.C. Aristotle reported the contractility of sponges. Research activities on sponge 
contraction over the last 150 years provided basic knowledge, mainly on Demospongiae. 
Contractions occur spontaneously, follow endogenous rhythms and in some cases sponges reduce 
their body volume by >70 %. External mechanical and chemical stimuli induce contraction, 
implying integrative capabilities. However, sponges lack muscle cells and neurons. Generally, 
contractility and integration are considered to co-evolve in neuro-muscular systems. The same 
seems to account for non-neuromuscular contractile systems of the Porifera. The nature of the 
sponge contraction-integration system is still a matter of debate, i.e. whether contractile cells in 
sponges are dependent or independent effectors. To address such questions properly, the nature of 
the non-muscular contractile effector cells in the Porifera must be revealed. Two competing 
hypotheses were postulated: (1) mesohyle-mediated contraction originating from fusiform smooth-
muscle-like actinocytes (‘myocytes’). (2) epidermal contraction originating in pinacocytes. The two 
hypotheses were combined into more complex models of sponge contraction [see 1 – 3], but the 
problem has not been addressed in depth over the last two decades, despite of the advances in 
imaging techniques. In addition, data on contraction in other Porifera taxa than Demospongiae is 
scarce. 

Methodology 
Sponge material of Tethya wilhelma [4] was collected from Aquariums and was directly fixed in 
1% OsO4 and 2.5% glutaraldehyde in seawater. Samples were subsequently washed, dehydrated 
and finally critical point dried. SR-µCT scans were performed at beamline BW2 at 11 keV, 
yielding final resolutions of between 2.84 µm and 3.01 µm respectively [5 – 7]. 
 
Preliminary results and discussion 
Using the standard setup for microtomography at beamline BW2, we were able to distinguish 
choanocyte chambers which represent multicellular units within the sponge tissue, imaged at a 
voxel size of (1.42 μm3). Volumetrics and virtual 3D reconstruction provide strong evidence for 
pinacoderm mediated contraction in Tethya wilhelma (Fig. 1). The volume of the canal system 
elements displays strong changes which account for almost the entire body volume changes (Fig. 
2). There is no evidence for mesohyle contraction during the phase of body contraction. Some areas 
of the mesohyle in T. wilhelma even expand during contraction. 
Our results strongly support the presence of pinacodermal contraction in Demospongiae. 
Contractile endo- and exopinacocytes seem to be responsible for most of the macroscopic 
contractions which result in the strong reduction of body volumes. The partial expansion of 
mesohyle in T. wilhelma accounts for elastic energy storage in the mesohyle. From the kinetics of 
time-lapse imaging of whole contraction cycles, it seems likely that an actively contracting 
mesohyle element (actinocytes) might be involved as pinacocyte antagonists which are involve in 
expansion, eventually in conjunction with hydrostatic pressure mediated by differentiated 
choanocyte activity.  
Ongoing microtomography studies will analyze the anatomical changes during contraction in the 
other sponge taxa Calcispongia and Homoscleromorpha for which contraction is reported. Even 
though the fourth higher sponge taxon, the Hexactinellida, seem to lack extensive contractility, 
these studies will provide evidence whether or not a contractile pinacoderm is part of ground 
pattern of the Porifera. If this would be the case, contractile epithelia might be an autapomorphy of 
the Metazoa. 
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Fig. 1. Contractility in Tethya wilhelma assessed by microtomopgraphy. Virtual 3D reconstructions of parts 
of two specimens (expanded and contracted). Scale bars: 1000 µm 
 

Fig. 2. Comparative volumetric analysis of volumes of the body compartments in the contracted (yellow) 
and expanded (blue) specimen of T. wilhelma shown in fig. 1. Only the canal system volume changes during 
contraction, while the volume of the mesohyl remains almost constant. Data was normalized on the basis of 
the skeleton volume proportions, which we assumed to be almost constant between specimens (arbitrary 
units, skeleton volume = 1). 
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Ceruloplasmin (CPL), a copper-binding protein, plays an important role in iron metabolism, too. Its 
potent ferroxidase activity catalyzing conversion of Fe2+ to Fe3+, which is essential for transport of 
iron across membranes. However, there are only a few cases known with iron accumulation in the 
liver of male subjects with mutation in gene ATP7B (copper transporting ATPase), a gene 
mutation, which causes copper accumulation mainly in liver cells [1]. In these patients a reduced 
concentration of circulating copper-binding protein was found. We had the possibility to investigate 
two different cases one with reduced CPL and an other with normal CPL and both with confirmed 
mutation in gene ATP7B.  
 
Methods 

a. Clinical data of the patients 
 
 

  Patient age gender Clinical  CuAAS CPL Rho BB Mutation 
   No. [y]  presentation [µg/g] [mg/dl] 
  ______________________________________________________________________________________________ 
   
  1 40 m decomp. cirrh. 645 6 + + R1319X/? 
  2 18 f fulminant WD 318 39 + - H1069Q/G1061R 
  

Table1. Age [y] and gender (m/f) of investigated patients with documented ATP7B mutation (Wilson’s Wilson’s 
disease (WD)). Additionally, results are given for rhodanine (Rho) and Berlin Blue (BB) dyeing of the histological 
sections, CPL: ceruloplasmin[mg/dl] (Reference: 20-60 [mg/dl]), copper concentration in liver determined by 
atomic absorption spectroscopy (AAS) CuAAS, and mutation. 
 
Both patients underwent liver transplantation. Histological samples received from the 
Pathological Department, Medizinische Universität Wien were about 10 cm2 in size and 
imbedded in paraffin. Sections were 10 µm of thickness, and fixed on trace element free 
Ultralene ® foil for investigation. Additionally two directly adjacent slices of 2µm of thickness 
were histolgically prepared.   

b.   Beamline L setup 
As described previously,  the standard setup was modified (a) by the use of a detector 
collimator designed to reduce air scattering, (b) the replacement of the Si(Li) detector by a 
silicon drift detector (Silicon multi-cathode X-Ray Spectrometer VORTEX-EX (Radiant 
Detector Technologies)), and (c) by the implementation of a continuous scanning mode for the 
reduction of overhead time. Particularly the continuous scanning mode facilitates fast scans, 
therefore reducing overhead time emerging from motor movements, spectrum acquisition, read-
out and data transfer, which was in the standard mode ~2 s per measurement point [1].  
Additionally quantification of the elements in question was carried out. X-ray spectra were 
peak-fitted using the AXIL program package, to extract the net intensities of fluorescence lines. 
The net peak intensities were normalized to the intensity of the incoming monochromatic beam 
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intensity and 1 s sample time, and were corrected for detector system dead time. A germanium 
standard foil of homogeneous Ge area density of 2.6 × 10-8 g/cm3 was employed for external 
standardization. An array 9 × 5 points was measured for 10 s before and after each 2D scan. 
The standard deviation of the mean Ge K-� line intensity between individual scans was 1.7% 
after normalization, demonstrating the stability of the experimental conditions. 

 
Results 
Tab.2 shows mean concentrations of investigated elements in reference liver (RL), and patient’s 
liver with high iron and copper concentrations. 
 
 
   P  S  Cu  Fe  Zn 
   [ppm]  [ppm]  [ppm]  [ppm]  [ppm] 
 ______________________________________________________________________________________  
 RL (N=7)  
 mean  1866(±503) 2681(±426) 19(±5)  309(±87 ) 68(±21) 
 _______________________________________________________________________________________   
  Patient No. 
  1 1270(±980) 2020(±781) 310(±171) 1121(±985) 77(±34) 
  2   982(±672) 1754(±425) 293(±  88)   861(±230) 54(±10)  

 
Table 2. Mean concentrations and standard deviations (SD) of phosphorus (P), sulphur (S), copper (Cu), iron (Fe) and 
in reference liver (RL) and patients liver.  
 
ppm 

  ppm   

Fig.1a,b: Patient No.1,                  Fig.1c,d: Patient No.2;  
  Arrows characterize element concentrations in liver cells (hepatocytes). 
 
In contrast to Fig.1a,b, Fig.1c,d shows high Fe in periportal areas (not marked with arrows), too. In 
both cases high Fe concentrations in hepatocytes could be documented. Moreover and in contrast 
only one patient had a reduced copper-binding protein (CLP, see Table 1) as it was assumed by [1] 
in this special constellation. Such liver Fe concentrations are mostly seen with an other genetic 
disorder called hemochromatosis [2,3]. At present, it can not be excluded that additionally in this 
patient a second genetic defect existed. Only mild hepatic hemosiderosis (increased Fe in liver 
cells) is known in chronic hepatitis, non-alcoholic steatohepatitis and insulin resistance syndrome. 
But such diseases could not established in patient No. 2. Thus, currently we assume that a reason 
for this discrepancy may be the different mutation in ATP7B(s.Table 1). More than 200 mutations 
have been identified.  
In summary we could show by using micro-synchrotron X-Ray fluorescence technique 1. that an 
increased Fe in hepatocytes can be demonstrate in patients with normal ceruloplasmin, and 
mutation in ATP7B, 2. that this occurs not only in males, and 3. that iron deposition also may be 
high in hepatocytes and periportal areas. 
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Background 
The primary aim of our DFG funded project (BE 1789/4-1) was the compilation of a very 
comprehensive morphological data set for a representative sample of the extremely species 
rich Holometabola (=Endopterygota). This group of insects can arguably be considered as the 
most successful group of organisms on this planet (ca. 800.000 described species). The 
acquisition of well-documented anatomical data in a conventional way is very time 
consuming and morphological characters used in recent phylogenetic studies were usually 
more or less uncritically extracted from the literature. Therefore, it was one of our goals to 
develop an optimised approach to combine traditional (e.g,, histology) and innovative 
techniques (e.g., µ-CT, 3D reconstruction) in order to increase efficiency. The acquired data 
were used for the reconstruction of the phylogenetic relationships of holometabolan insects. 
The final aim was an evolutionary scenario for different body parts and life stages and a 
critical evaluation of the usefulness of morphological investigations in the “age of molecular 
systematics”.   

 
Material and specimen preparation 
Larval and adult specimens (fixed in 70% ethanol, 100% ethanol or Formaldehyde-ethanol-
acetic acid) of representatives of all orders of Holometabola (e.g., Trichoptera, Diptera, 
Mecoptera, Neuroptera) were dried at the critical point and mounted on cylindrical metal 
carriers with superglue. 

 
Results 
The µ-CT scans obtained were of exceptionally high quality. Especially the high density 
resolution of the image stacks produced at low photon energy (8 KeV) at the beamline BW2 
was important for the examination of these biological specimens. Therefore, the anatomy of 
different body parts of larvae and adults of the taxa included in our study could be 
reconstructed very efficiently. Even with a single specimen available, an excellent anatomical 
documentation was possible with a successive application of SRµCT, SEM and then histology 
(if necessary). The combined application of these techniques and the use of a combination of 
different 3D software (mainly Imaris and Maya) turned of as highly efficient. It was possible 
to create the most comprehensive morphological data set (356 characters) ever used in insect 
systematics within a time frame of only 3 years. Detailed anatomical information is now 
available for larvae and adults of 30 representatives of all holometabolan orders and several 
outgroup taxa. A large series of studies is published [e.g., 1, 2] and a final major work is 
submitted. A phylogenetic hypothesis and evolutionary scenarios for different body regions 
were developed. 3-dimensional reconstructions of copulating insects (Fig. 1) were obtained 
for the first time using µ-CT scans. It could be demonstrated that studying insect anatomy 
with a modern approach is efficient and a highly useful and viable discipline.  

Outlook 
The assessment of SRµCT as a key innovation in insect morphology was fully confirmed. 
Follow up projects were successfully started, one of them on the evolution of one of the 
largest holometabolan orders, the Diptera (biting flies and flies) (DFG: BE 1789/6-1), and 
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another one on the evolution of the male genital apparatus of holometabolan insects 
(VolkswagenStiftung).  
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Figure 1: Abdomina of copulating crane flies (Tipula sp.; female [red] on right, male [blue] on 
left side), volume render of SRµCT data obtained at DESY; virtually cut near the median line 
to show the interaction of the copulatory organs (resolution: 3,99 µm; VG StudioMax). 
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Proteins form a strong viscoelastic network at the air/liquid or liquid/liquid interface due to their
high surface activity, that is, they behave like emulsifiers. An interesting application is to use
proteins as encapsulating agents and adjust the capsule-coat viscoelasticity depending on the pro-
teins of choice [1, 2]. However, the prediction of the attributes (thickness, viscoelasticity, surface
load etc.) of such a capsule-coat with respect to the native protein attributes remains a big chal-
lenge. To face this challenge we have adapted a novel protein system composed of six recombinant,
size-consecutive individuals, which share a structure only differing in an integer amount of a helix-
loop-helix motive [3, 4, 5]. Their modular structure allows the comparison between differently
sized proteins by maintaining the same folding aspects; a comparison that is not possible with the
conventional food grade proteins due to their largely differing secondary and tertiary structures.
All proteins belong to the designed ankyrin repeat proteins (DARPins). Plasmids coding for the
proteins were kindly provided by the group of Prof. A. Plueckthun. Especially a series of six
DARPins with consecutive size and stability were investigated [5]. The six proteins are termed
NixC where i represents the full-consensus repeat, the subscript x represents the number of iden-
tical full-consensus repeat modules, and N and C correspond to the N- and C-terminal capping
repeats respectively. The smallest molecule, Ni1C, has a molecular weight (MW) of about 10.8
kDa and every subsequent member of the series weights 3.4 kDa more than its predecessor. The
stability of the molecules increases with increasing size. Proteins were expressed in E. coli in sol-
uble form. Purification was done by immobilized metal-ion affinity chromatography followed by
size exclusion chromatography. Acrylamide gel electrophoresis confirmed sample purity. Proteins
were diluted into tris-buffered saline (TBS150) solution (50mM Tris, 150 mM NaCl, pH7.5 in Mil-
lipore water) to a final concentration of 0.01 mg/ml and 15 ml of this solution were poured into the
Langmuir trough. Proteins were allowed to adsorb to the air/water interface from the bulk. X-ray re-
flectivity measurements were performed at the surface diffractometer of beamline BW1 at Hasylab.
The beamline was equipped with a temperature-controlled Langmuir trough in a sealed container.
A smaller trough with 90 mm diameter and 0.5 mm depth (provided by B. Struth) was used in order
to reduce sample volume. The temperature of the subphase was set to 20 ± 0.5 ◦C. Throughout
all measurements the container was flooded with Helium in order to reduce air-scattering and to
prevent oxidative beam damage during X-ray scans. Samples were examined with a beam of wave-
length, λ, of 1.3 Å corresponding to photons with an energy, E, of 9.5 keV. The time point at which
the sample was poured into the trough was taken as starting point of the experiment, t = 0.

Reflectivity measurements are sensitive to electron density differences, and consequently, inves-
tigation of low-contrast organic material, such as proteins in an aqueous environment, remains a
great challenge. NixC (x = 1 - 6) films at the air/water interface show higher scattering values
compared to pure buffer. An accumulation of proteins at the air/water interface could therefore be
verified (Figure 1). The strong decrease of the Fresnel reflectivity, RF , for the air/buffer interface is
reduced for the protein covered interface. This can be explained with a reduction in surface rough-
ness. Although the existence of a protein interfacial layer has been previously proven by interfacial
pressure and rheological measurements, there are no obvious correlation lengths revealing infor-
mations about its possible structure. This could have two reasons. First, proteins might unfold at
the interface and form a layer which is so thin that the minimum of the Fresnel reflectivity lies at
an angle not accessible with our setup. A second interpretation would be that there is no long range
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organization in our material at the interface and therefore we can not detect any correlation lengths.
In future experiments we want to observe the scattering behavior of the protein adsorption layer in
correlation with surface pressure. An integration of the results into one generic model is aimed.
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Figure 1: Background corrected and normalized X-ray reflectivity data for different proteins. Buffer =
TBS150, black, Ni1C = 10.8 kDa, magenta, Ni4C = 21.4 kDa, green, Ni6C = 28.4 kDa, dark blue, BSA = 66
kDa, light blue.
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In a previous contribution, we illustrated the potential of a cryostream for micro-XRF analysis on 
Daphnia magna close to its native state [1]. Daphnia magna is a model organism to investigate the 
effect of chemical contamination, including metals such as Zn, on ecosystem health. Although the 
frozen (hydrated) state of the sample can induce considerable self-absorption effects for the low 
energy fluorescent lines (e.g. Ca-Kα), these effects were of minor importance for higher Z elements 
for this particular sample [2]. 

In this contribution we compared the uptake and distribution of Zn between two D. magna 
genotypes (clones) with different Zn tolerance. Based on ecotoxicological experiments, in which 
reproductive performance of both genotypes was recorded under a control and a Zn exposure (250 
µg/L), clone ‘O22’ showed low tolerance to Zn while clone ‘M27’ revealed high tolerance to Zn. 
All samples (i.e. Daphnia magna individuals) harvested for the present study, were exposed for 7 
days to the same control medium and also to the same 250 µg/L Zn concentration.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1: Zn distributions of Daphnia magna (M27 and O22) with different Zn tolerance under different 
exposure conditions (control medium and 250 µg/L Zn) obtained under cryogenic conditions. 
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Fig. 1 shows the Zn elemental distributions within the two Daphnia magna genotypes. Per 
exposure condition and per genotype, two replicates were measured (replicate A and replicate B). 
Individual point spectra were collected from both SDD detectors by means of a dynamic scanning 
2D micro-XRF scan. All individual element maps were scaled with respect to the same colour bar, 
indicating the Zn intensity in counts/s. A histogram of the dataset was used to remove hot spots 
from the element maps, to ensure an adequate scaling and comparison of the samples.  

The variation in Zn distributions between control and exposed samples (indicated by green/red 
arrow) is higher than the variation between replicates within the same exposure condition (indicated 
by blue arrows). A higher Zn concentration can be observed in the region of gut, eggs, gill tissue 
and digestive gland of the Zn exposed Daphnia compared to those from the control medium. 
Interestingly, the less Zn tolerant clone ‘O22’ showed a higher Zn accumulation in these tissues 
when exposed to 250 µg/L of Zn (red arrow) as compared to the more Zn tolerant clone ‘M22’ 
(green arrow). This is a first indication that genetically determined differences in Zn tolerance may 
be related to differences in Zn accumulation (e.g. through higher Zn uptake rates or lower Zn 
elimination rates in less Zn tolerant genotypes). Further research with more genotypes is underway.  
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Hazardous solid waste sent to landfill may contain heavy metals, posing risks to the environment and human 
health if leached out by rainwater or ground water. Antimony (Sb) is one of the contaminants of concern, 
and, similar to arsenic, many Sb compounds are toxic (in particular Sb(III))  Antimony may be found  in 
mining waste streams, PET drink bottles, textiles and others (e.g., [1]) and is known to appear in 
conjunction with heavy metals such as As or Pb [2,3]. For regulators, such as the Environment Protection 
Authority Victoria, Australia, and for industry, the leachability and stability of Sb from wastes is of 
particular interest. The leachability of Sb depends on its chemical forms. Low leachability (high stability) is 
preferred, meaning that Sb is less likely to be released to the environment if exposed to rainfall or a rising 
groundwater table. While some studies have reported on the leachability of Sb [4], analyses of the chemical 
speciation of antimony are still rare [5,6], and insufficient information exists on the development of Sb 
species on the solid or liquid phases during leaching. This deficiency limits the ability to evaluate waste 
hazards and it affects regulators’ efforts to set realistic and safe Sb concentration limits for wastes sent to 
landfill. Therefore, more work is required on Sb speciation to improve waste management and, ultimately, 
minimise waste impact on the environment and human health. 

We report on a leaching experiment on solid industrial waste in order to gain solid phase and liquid phase 
chemical speciation information of Sb during leaching. A fine powdered waste was used as received from a 
manufacturer in Australia. Elemental analyses using laboratory-based X-ray Fluorescence showed the waste 
to contain a range of metals (Ba, Zr, Cu, Zn, Mo, Sr, Pb, and others) at levels up to several wt-%, and 
antimony (Sb) was found to be present at ca 8.3 wt-% concentration. The leaching experiment was 
conducted in the chemistry laboratory at HASYLAB by immersing of 400g waste in 2L borax solution at 
initial pH 9.2. The solution was continuously stirred for 24h at room temperature, and samples (10mL) were 
taken in regular intervals. Solid and liquid phases of these samples were separated using borosilicate filter 
paper (Macherey-Nagel, MN 85/70 BF; 0.6µm pore size). The filtrates were sealed in glass vials and stored 
in the refrigerator for analyses. The solid phases were pressed to pellets using cellulose powder as a binder 
(Sigma-Aldrich, 30µm particle size). XAS scans were collected at the Sb-K absorption edge (30.49keV) at 
Beamline C at DORIS III, either in transmission mode (solids) or in fluorescence mode (liquids).  

The XAS scans of the solids showed no significant spectral changes over the 24h-period of leaching 
(sampled at t = 1, 2, 3, …, 10, 15, 16, 17 , 23h) indicating stability of the chemical species involved. Linear 
combination fits using Sb reference spectra were performed on the selected spectra of the series, 
consistently resulting in ca 90% Sb2S3 and 10% Sb2O3. The XAS scans of the leachates sampled showed 
some changes over time (see Figure 1) as indicated by the different intensities of the white lines. The scans 
were thus divided into two groups, I and II, for t = 1, 3, 4, 6h (Group I) and t = 8, 10, 15, 17, 23h (Group II). 
The averages of these groups of spectra are included in the figure and overlaid with a spectrum of iron-
antimonate (FeSbO4). In FeSbO4, antimony is present as Sb

V
, which is reflected in the shift of the 

corresponding absorption edge to 30497 eV. Since the absorption edge of the averaged spectra of Groups I 
and II coincides well with that of FeSbO4, it is concluded that the Sb in the liquid phase was pentavalent. 
XAS analyses of the solid phase before leaching (t = 0h), however, had shown Sb to be predominately 
present as Sb

III
2S3 (data not shown here). Hence, the Sb

III
 was converted into Sb

V
 either directly upon 

dissolution into the liquid phase or rapidly thereafter (i.e., within the first hour of leaching).  

Further comparison of the averaged spectra of Groups I and II with the spectrum of FeSbO4 shows good 
matches for lower energies in the case of Group II, while for higher energies (E > 30550eV) the XAS 
oscillations appear washed out. This difference may be due to the liquids having been amorphous systems 
with only immediate short range order, whereas the FeSbO4 was a microcrystalline powder with order 
extending beyond the first coordination shell. Fourier transforms of the spectra of Groups I and II and of 
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FeSbO4 (see bottom panel in Figure 1) underline 
these observations. The first major peak 
corresponds to an oxygen coordination shell 
around antimony, and the second set of peaks 
corresponds to Fe and Sb neighbours [7]. 
Comparing the transform of FeSbO4 to the data of 
Group II (red), it can be seen that the contributions 
from higher coordination shells is missing for 
Group II, thus indicating a higher degree of 
disorder as observed above. The data of Group I 
(blue) also show the absence of the higher 
coordination spheres. Furthermore, the signal 
corresponding to the Sb-O shell is more 
pronounced for Group II than for Group I. Given 
that for the XANES spectra of both groups the 
XAS oscillations above the white line are virtually 
identical, the stronger Sb-O peak can be linked to 
a slightly higher coordination of Sb with O in the 
first shell (as opposed to a higher degree of 
disorder for which one would expect stronger 
XAS structures). This increased number of oxygen 
neighbours after about 8 hours of leaching is not 
very prominent and may only reflect some change 
in hydration or cross-linking of SbOx units in 
solution. Such reactions would likely depend on 
the pH in solution. In order to clarify the structural 
changes, a leaching experiment would need to be 
conducted with the pH recorded and full EXAFS 
data with low noise level would need to be 
acquired to obtain higher resolution in the Fourier 
transform and better signal-to-noise ratio of the 
XAS oscillations for structural modelling. 

The results of this study have demonstrated that 
the Sb species present in the industrial waste were 
stable as predominately Sb2S3 over a period of 24h 
of base (borax) leaching. In the liquid phase, Sb 
was present as Sb

V
 in an environment similar to Sb 

in FeSbO4 where antimony is coordinated with six 
oxygen neighbours, and only minor changes in 
coordination could be observed as leaching progressed. These results can be used to assess the behaviour 
and stability of Sb in landfill scenarios, thus providing governments and industry with tools to manage 
critical issues in human health and the environment. 
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Figure 1: [top] XANES spectra of leachates during 
base leaching (“time-series”) and averages of the 
spectra of Goups I and II as identified by their 
differently intense white lines. The average spectra 
(red) are compared to the spectrum of FeSbO4 (blue 
dashed); [bottom] k

2
-weighted Fourier Transforms 

of Gr.I and II spectra and of FeSbO4. 
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The viscosity of silicate melts is of vital importance for the transport of mass and energy inside the
Earth. Using short- and long-period precursors of PKP phases ultra-low velocity zones (ULVZ)
even at the core-mantle boundary beneath the Western Pacific [1] and central Africa [2] were
observed. The elastic properties of these zones correspond to partial molten state. 

Multi-anvil apparaus (MA), also known as large volume presses (LVP), have been proved to be
highly successful tools for measuring the physical properties of Earth’s materials under
experimentally simulated mantle conditions. First falling sphere viscosimetry was successfully used
in quench experiments [3] using piston cylinder devices, later also with multi-anvil apparatus [4].
But this technique require a sequence of quench experiments to measure the viscosity of one sample
and the time resolution is limited because of the heat capacity of the set-up with the adjacent anvils.
The installation of large volume presses at synchrotron X-ray facilities represented a huge progress
for in-situ viscosity measurements, because the falling sphere could be observed and monitored in
real time now. This eliminated the problems of accurately determining time-distance-relationships
of the quench experiments. Additionally by placing a pressure standard close to the sample inside
the set-up the pressure could be determined much more precisely by X-ray diffraction [5, 6].
 
We used powdered glass samples of basalt, dacite, and diabase for our experiments. The basalt and
the dacite samples were dredged along the neo-volcanic zone of the Pacific-Antarctic-Rise during
the SONNE 157 cruise. The experiments were performed in the single-stage multi-anvil DIA-
device MAX80 installed at beamline F2.1 [7, 8, 9, 10]. The apparatus is made up of a 2500 N
hydraulic ram with two load frames driving four reaction bolsters for the lateral anvils. For these
experiments we used a tungsten carbide anvil set with 6 mm truncation. The maximum pressure of
about 7 GPa corresponds to the measurement problem. The maximum temperature is about 2000 K.
The viscosity was measured at pressures of 0.5 and 1 GPa. Each experiment started with
compression at room temperature. Then the temperature was ramped slowly by about 100 K per
minute up to 1500K. Afterwards the temperature was risen much faster by ~ 50 K per second to the
run temperature of 1890K. The falling spheres were monitored by the digital camera with a frame
rate of 25 fps. The X-radiography images were analyzed to determine a distance versus time plot of
the sphere. We used a modified Stokes’ Law to calculate the viscosity, ç.

where g is the gravitational constant, r is the radius of the falling sphere, Äñ is the density contrast

cbetween the sphere and the melt, í is the settling velocity, and r  is the internal radius of the sample
capsule. The X-radiography movies were analyzed by image processing frame per frame. Fig. 2
shows such a sequence as an example. Between all the displayed images is a time interval of 2
seconds each. Because of the much higher density of the platinum sphere in comparison to the
surrounding silicate melt the sphere appears as black. Measuring the position of the sphere at all
images of the sequence taken with a constant time interval allows to deduce a distance versus time
plot of the falling sphere. Fig. 3 shows such a plot with the reduced time interval of 1 second for
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demonstration. The sigmoidal shape of the distance data is indicative of the acceleration, terminal
velocity, and deceleration phases of the sphere motion. The terminal velocity of the sphere, used to
calculate the viscosity of the samples, was determined as the maximum slope at the centre of the
linear part. For the example of Fig. 3 this is at about 8.5 seconds. 
Fig. 4 shows our results for basalt, diabase, and dacite at 0.5 GPa and 1 GPa. In addition to our
results we display published data. Our dacite results are in good agreement with the corresponding
data of Tinker et al., 2004. The slightly lower viscosity of our dacite sample might probably be the

2result of the high water and chlorine contents (3.2 wt.% H O and 8400 ppm Cl). 

Figure 1: Scheme of falling sphere viscosimetry   Figure 2: Sequence of falling sphere images
                set-up for MAX80.                                                 with a time interval of 2 seconds. 

             

Figure 3: Falling sphere distance versus time plot.

Figure 4: Viscosity of basalt, diabase and dacite at high p and T
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In the framework of the “long-term” project we had only one beam-time of 2 days on BW5. 

We had planned to calibrate the crystallite sizes measured by the “moving area detector 

method” [1-3] and measure subsequently also the crystallite size distribution of the ice cover 

which forms on the outside of decomposing gas hydrate crystallites – this ice cover eventually 

leads to a slowing down decomposition rate via the so-called “ice-shielding effects”. The ice 

cover appears to hinder the out-diffusion of the gas originating in the decomposition of the 

gas hydrates. It seems likely that larger ice crystallites improve the ice shielding effect by 

reducing the grain boundary network - the easy path for gas diffusion [see e.g. 4, 5]. 

 

Unfortunately the calibration runs with corundum spheres with known CSDs (established by 

scanning electron microscopy “SEM” as well as by measurements with a laser particle sizer 

“LPS”) have shown that a large difference between the established CSD’s and the measured 

ones occurred. Single crystalline corundum powders of different meshes (F90, F120, F180) 

were measured with the moving area detector method; the LPS measurements of the identical 

powder gave mean values of the CSD’s of approximately 200, 150 and 90 μm, respectively. 

The detector image of the F120 corundum sample is shown in Fig.2; the CSD’s resulting from 

this sample are shown in Fig.2. It is very clear that there is a large discrepancy for which we 

do not have any explanation at present. The values measured at BW5 are typically a factor 2-3 

larger than what was measured by SEM and LPS. As we discovered this fact only after the 

beam-time (the data analysis with the “moving area detector method” can hardly be done “on-

line”) there was no way to search for its causes in the chosen experimental set-up. 

 

     
Fig.1 Detector image obtained from a Moving area detector scan for the corundum F120 

sample. The lengths of the Bragg-strikes are related to the crystallite sizes [1-3] 

 

The discrepancy still has not found an explanation and further checks could not be performed 

as we had only this allocation of 2 days for the whole report period. We have measured also 
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“successfully” the crystallite sizes of the ice cover in self-preserved gas hydrates; yet, also 

here the sizes appear too big and the results cannot be trusted.  

 

Meanwhile we have established in our home lab a new approach to CSD’s by using the 

spottiness of Debye-Scherrer cones. This method is faster and the calibration more 

straightforward. We would like to further develop this procedure in a new long-term proposal; 

this may also give further insights into the problems encountered here.  

 
Fig.2 Crystallite size distribution of single crystalline corundum powder (F120) as measured 

with the “moving area detector method” on BW5. 

 

References: 

[1] Klein, H.  &  Preußer, A. (2007).Determination of texture and microstructure of 

recrystallized metals using. high-energy synchrotron radiation. Material Science Forum, 

550, 619-624. 

 

[2] Klein, H. (2009). Principles of highly resolved determination of texture and microstructure 

using high-energy synchrotron radiation. Adv. Eng. Mat. 11, 6, 452-458 

 

[3] Tommaseo, C.E. & Klein, H. (2009). Grain Growth analyses of AlMn alloys using texture 

and microstructure imaging techniques with high-energy synchrotron radiation. Prakt. 

Metallogr. 46, 2, 77-96. 

 

[4] Kuhs, W.F., G.Genov, D.K. Staykova & T. Hansen. Ice perfection and the onset of 

anomalous preservation of gas hydrates. Phys.Chem.Chem.Phys. 6 (2004) 4917-4920.  

 

[5] Falenty, A. & Kuhs, W.F. (2009) “Self-Preservation” of CO2 Gas Hydrates - Surface 

Microstructure and Ice Perfection. J.Phys.Chem.B 113, 15975-15988. 

-630-



White beam µWhite beam µWhite beam µWhite beam µ----XRF XRF XRF XRF basedbasedbasedbased REE analysis of mineral  REE analysis of mineral  REE analysis of mineral  REE analysis of mineral 
inclusions in a Kankan diamondinclusions in a Kankan diamondinclusions in a Kankan diamondinclusions in a Kankan diamond 

G. Silversmit1, T.Schoonjans1, B. Vekemans1, K. Appel2, S. Schmitz3, F.E. Brenker3 and L. Vincze1 

1 X-ray Micro-spectroscopy and Imaging Group, Department of Analytical Chemistry,  

Ghent University, Krijgslaan 281, S12, B-9000 Gent, Belgium 

2 Hamburger Synchrotronstrahlungslabor at DESY, Notkestr. 85, D-22603 Hamburg, Germany 

3 Geoscience Institute - Mineralogy, Goethe University, Altenhoeferallee 1, 60438 Frankfurt am Main, Germany 

 

Introduction  
The capability of using the full bending magnet spectrum (white beam) at beamline L allows the 
high energy XRF based determination of Lanthanide rare earth elements (REE) by their K 
fluorescence emission lines. This work illustrates an example of spatially resolved REE analysis of 
a mineral inclusion within a Kankan diamond, originating from Guinea, West Africa.  
Inclusions in natural diamonds can provide direct information on the physical and chemical 
conditions in the deep Earth down at least to the upper part of the lower mantle [1-2]. Only a few 
sources, e.g. Juina (Brazil) and Kankan (Guinea), provide diamonds from superdeep sub-
lithospheric mantle regions of the deep Earth which originate at depths of several hundreds of km. 
Determination of the trace-level rare-earth elements composition of the mineral phases in the 
diamonds can allow the determination of the inclusions’ origin (sedimentary, hydrothermal, 
metasomatic or carbonatitic). 
 
 
Experimental 
The experiments were performed at beamline L. In order to access the K fluorescence lines of the 
lanthanide rare earth series, the full bending magnet excitation spectrum was used. The low energy 
contribution of the white beam was reduced by using a 200 µm Al and a 500 µm Cu filter. A beam 
size of 10 µm on the sample was achieved by using a 10 µm parallel bore hole glass capillary. The 
fluorescence X-rays were detected with a LN2 cooled Ge detector (Gresham Gemini 30, 30 mm

2
 

crystal area, 3 mm crystal thickness, measured FWHM on Mn Kα: 276 eV) coupled with a XIA 
DXP-XMAP electronics.  
On the optically detectable inclusions within the diamond high energy µ-XRF maps were collected 
with a scanning step-size of 5 µm and measuring times of typically 3-12 s per pixel. On the 
elemental maps showing the presence of rare earth elements, point measurements with a measuring 
time of 1000 s were taken. 
 
 
XRF quantification 
The elemental concentrations were determined by using the fundamental parameter quantification 
method, based on measured elemental yields from a NIST SRM612 (thickness of 100 µm) trace-
element glass standard. During the quantification procedure, the beam absorbers, the absorption of 
both the exciting and fluorescent photons, as well as the polychromatic nature of the beam was 
taken into account. The error estimates were calculated using a Monte Carlo based approach: the 
initial parameters for the fundamental parameter method (standard reference material weight 
fractions, sample densities, XRF line intensities etc.) were varied within their expected statistical 
deviations and measurement errors that spawned new parameters according to Poisson, uniform or 
Gaussian distributions. These new parameters were then used to obtain a new set of elemental 
concentrations. Repeating this procedure several tens of thousands times produces a reliable 
distribution of calculated elemental concentrations. The standard deviations of the resulting 
distributions are used to calculate the corresponding confidence intervals. 
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Results 
Elemental distributions for the rare earth elements La, Ce, Nd and Th are given in Figure 1, and a 
long point measurement taken at a La and Ce rich region is given in Figure 2. The quantified 
concentrations for this spectrum are summarized in Table 1. 
 
 

 

 

 

 

 

 

 

 

 

 

 

Table 1: Quantified areal concentrations for the detected rare earth elements.. 

Element 
Areal concentration 

(µg/cm
2
, ± 1 SD) 

La 143.1 (±15.9) 

Ce 220.0 (±23.9) 

Pr 9.5 (±1.1) 

Nd 24.1 (±2.7) 

Th 10.3 (±1.3) 
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Figure 1: top: elemental µ-XRF maps for the rare 

earth elements (27 (5 µm) × 31 (5 µm), 15 s); 

bottom: optical image of the inclusion within a 

Kankan diamond (KK200, inclusion #4). 

 
Figure 2: Point measurement on a Ce and La 

rich area, RT=1000 s. 
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Introduction  
The majority of natural diamonds are formed in the lithospheric upper mantle (< 200km depth). 
During the growth of the diamond, fluids, mineral and rock fragments can be trapped in the 
diamond host. These inclusions are shielded from the environment during the transport of the 
diamond towards the Earth surface, preserving their original composition as captured. Inclusions in 
natural diamonds can therefore provide direct information on the physical and chemical conditions 
in the deep Earth down at least to the upper part of the lower mantle [1-2]. Only a few sources, e.g. 
Juina (Brazil) and Kankan (Guinea) provide diamonds from superdeep sub-lithospheric mantle 
regions of the deep Earth which originate at depths of several hundreds of km. Determination of the 
trace-level rare-earth elements composition of the mineral phases in the diamonds can allow the 
determination of the inclusions’ origin (sedimentary, hydrothermal, metasomatic or carbonatitic). 
Performing micro-XANES of the lower atomic number minor/major elements of the inclusions can 
provide us identification of the main mineral phases present. 

Due to the high scattering power of the diamond host, fluorescence XANES in a confocal detection 
scheme is required in order to improve signal-to-scatter background ratios. Moreover, the confocal 
detection mode allows performing a truly 3D spatially resolved XANES analysis. In the example 
below, this is illustrated on a Juina (Brazil) diamond (RS69) containing a cloud of microscopic (1-
10 µm), possibly liquid inclusions. Within this diamond, Fe-K confocal micro-XANES spectra 
were recorded on 18 different inclusions. The confocal micro-XANES spectra show a depth 
dependence in the composition of the Fe mineral phase in the diamond.  

 

Experimental 
The Fe-K confocal µ-XANES spectra were recorded at beamline L of the DORIS III storage ring in 
fluorescence mode using a Si(111) monochromator. The fluorescence radiation was recorded using 
a vortex-EX SDD detector (SII, 50 mm

2
, 350 µm crystal thickness, measured energy resolution 

183 eV at Fe-Kα). The monochromatic beam was focused by a polycapillary lens (XOS inc., USA) 
resulting in a beam size of about 21 µm (FWHM) at the Fe-K edge. The confocal detection was 
achieved by positioning a second polycapillary half-lens (XOS inc.) in front of the energy dispersive 
detector. The measured confocal depth acceptance was about 26 µm (FWHM) for Fe Kα radiation. 
The vertical FWHM of the confocal ellipsoidal detection volume was 17 µm. 

 

Results 
The diamond surface was polished close to the internal inclusion region. A vertical confocal plane 
was recorded perpendicular to the polished surface through the cloud of inclusions. The resulting 
Fe-Kα intensity image is given in Figure 1, showing a line of separated inclusions at a depth of 
about 50 µm underneath the polished surface on the right. Confocal Fe-K micro-XANES spectra 
were recorded on a selection of these inclusions: representative spectra for the upper part and the 
lower part of the map are given in Figure 1, left. A compositional change along the inclusion depth 
can be observed. The spectrum for the lower part is identified as originating mainly from hematite 
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(Fe2O3). The spectrum for the upper part is not yet unambiguously identified, but from comparison 
with Fe XANES reference spectra given by Wilke et al. [3], the measured spectrum on the one hand 
closely resembles to that of a periclase mineral (the cubic form of MgO). On the other hand, from 
the set of Fe bearing minerals (excluding periclase) which was measured as references, the best 
agreement was found for forsterite (Mg2SiO4), again a Mg-O compound.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Conclusions 
The confocal µ-XANES detection mode allows a truly 3D spatially resolved analysis of mineral 
inclusions within natural diamonds. As an example, Fe-K confocal µ-XANES spectra were 
recorded from a diamond containing a cloud of mineral inclusions. A compositional change of the 
inclusions stream within the diamond form a magnesium oxide (or magnesium silicate) to iron 
oxide was observed. 
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Figure 1: Fe-K confocal µ-XANES spectra for the two inclusions identified on the confocal µ-XRF 

map shown on the right (excitation energy 7200 eV, 5 s LT, 61 (5 µm) × 61 (5 µm)). 
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Fe and S are two heterovalent elements that play a major role in many geological processes. Although S 
occurs only as a trace element in magmatic systems its behavior is directly related to a variety of important 
geological processes (e.g. formation of ore deposits, global cooling by S-rich explosive volcanism). The 
solubility of sulfur depends strongly on its oxidation state, which may vary from S2- to S6+, and thus shows 
strong dependence on the oxygen fugacity in the system. Fe is one of the most abundant elements on Earth. 
Because Fe is a major element in most natural melts and magmas, variations in the oxidation state of Fe may 
significantly affect the rheological properties of magmas as well as their chemical evolution during 
crystallization. XANES measurements at the S and Fe K-edge provide unique information on the element 
species present in silicate glasses. The fine structure at the S K-edge is dominated by localised 1s-2p 
transitions, which are strongly dependent on the electronic configuration of S [1]. Likewise, the pre-edge 
feature of the Fe K-edge XANES can be used to determine the Fe oxidation state [2]. 

S XANES data were recorded at the ESRF, Grenoble, ID 21 micro-focus beamline using a Si (111) fixed-
exit  double-crystal monochromator. Fe XANES were acquired at HASYLAB, DESY, Hamburg, beamline L 
using a focused beam with ca. 20 µm diameter and a Si (311) fixed-exit double-crystal monochromator. In 
both cases, the fluorescence was recorded by a Si drift-chamber solid state detector. We report data on 
glasses of a variety of naturally occurring compositions synthesized at 200 MPa and 1050°C (5 wt% total 
H2O and 0.5-1 wt% total S) and varying redox conditions. We have used the intensities of the respective 
resonances for S2- and S6+ in the XANES to determine the sulfur oxidation state in the glasses as a function 
of the redox conditions during synthesis. The Fe oxidation state was determined using the centroid position 
of the pre-edge as calibrated by [4]. 

The S oxidation state of all hydrous glasses decreases as a function of increasing hydrogen fugacity (more 
reducing conditions). At a given hydrogen fugacity (fH2), the data indicate a significant effect of the melt 
composition on the S oxidation state. However, this effect is probably related to the fact that the oxygen 
fugacity (fO2) is not the same at a given fH2 for different systems because of the presence of other volatile 
species (e.g. H2S, SO2). Because only fH2 was fixed externally, the prevailing fO2 for these particular 
syntheses depends on water and sulfur fugacities of each individual sample), and thus fO2 probably depends 
on the bulk chemistry of each sample. 

The Fe oxidation state of the glasses decreases likewise for high S6+-contents (above 90%) and low fH2. 
However, at a fH2 of ca. 3 bar (ca. 80% S6+), the trend of the Fe oxidation state kinks towards higher values 
and drops down again towards higher hydrogen fugacities. No clear correlation with the occurrence of 
additional S-bearing or Fe-bearing phases is observed, which would provide a potential explanation. This 
observation indicates that the relationship of the oxidation state of the two heterovalent elements in these 
glasses is not necessarily directly linked. As Fe is a major component in these melts, its oxidation state in the 
melt may potentially be influenced by co-existing crystalline phases that fractionate ferrous from ferric iron. 
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Figure 1: (Left) Sulfur oxidation state vs. hydrogen fugacity determined from the S K-edge XANES for the 
natural silicate melt compositions indicated. (Right) Iron oxidation state vs. hydrogen fugacity determined 
from the pre-edge of the Fe K-edge XANES for the natural silicate melt compositions indicated. Circled 

symbols indicate sulfide phases present in the glass. 
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For many research areas in environmental physics and hydrology, the transportation of colloidal 

particles in porous media plays a vital role. For example, migration of contaminants in natural 

subsurface environment is facilitated by the transportation of colloidal particles [1]. For most 

phenomena in this field it is essential to understand the mechanisms which lead to transportation, 

deposition and reentrainment of the particles at the pore scale. Frequently, these mechanisms are 

examined using model systems, which set constraints to the physical and chemical parameters of 

natural systems [2].   

Here, imaging techniques play a key role, since they provide direct access to processes within the 

porous medium at the pore scale. X-ray computed tomography (XCT) in particular allows for non-

destructive, non-invasive imaging of granular systems with solid, liquid or gaseous pore content 

[3]. In this project the deposition of colloidal particles in a filter-bed consisting of monomodal 

spheres was observed with the help of XCT (see figure 1). Silver-coated polystyrene particles (d = 

10 micrometers) were imaged using a dual-energy technique with photon energies just below and 

above the Kalpha absorption edge of silver. The focus of the experiment was to determine the 

distribution of colloid deposition sites, aiming to find characteristic sites within the pore space. 

The design of the experiment was such that in principle the results of these XCT measurements can 

be compared with particle image velocimetry (PIV) measurements carried out on a similar 

filtration setup within the framework of the Research Training Group “PoreNet” (DFG 1375).   

 

 

 

 

 

 

 

 

 

 

 

Figure 1 

Radial dependency of colloid deposition (red),      
compared to filter-bed porosity (black) 

 

Figure 2 

lower half: tomographic raw data 
upper half: segmented data 
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The particle deposition sites in the filter-bed examined by XCT were evaluated by radial averaging 

in order to study the development of particle concentration in the filter cross section (Figure 1). By 

proceeding this way, preferential take-up of particles in areas of high porosity of the filter-bed as 

known from literature was confirmed. As expected [4], the porosity of the filter-bed shows a strong 

radial oscillation, with the mean porosity rising towards the outer filter areas. Interesting is the 

oscillating behaviour of the particle 

concentration which in principle follows the 

local porosity of the filter-bed. Besides the 

clear deposition maxima which are located 

between each two spheres aligned in radial 

direction the curve also shows local maxima 

which correspond to the pore space of 

tetragonal and octahedral pores. These pores 

are located in defined distances from the 

porosity maxima of the filter-bed and, in this 

experiment, are also preferential colloid 

absorption sites. The 3D evaluation of the 

tomographic data is done by segmenting 

particle depositions and (Figure 2) and 

measuring their centre, size and surface area. 

When the deposition’s surface is plotted 

against its size (Figure 3), it becomes evident 

that there are defined borders for the shape: the maximum surface of a particle accumulation 

volume is approximately linearly dependend on the particle volume (blue line). The minimal 

surface, which corresponds to a spherical shape of the deposited particles, forms the lower boundary 

of the data. (red dotted curve). 

 

To be able to describe filtration processes and especially their time-dependency appropriately, 

time-resolved filtration experiments are necessary. Since a few years, the technical possibility 

exists to conduct X-ray tomographic scans with total scan times as low as a couple of seconds or 

even lower [5]. As a preparation for future work, we conducted a series of so-called fast 

tomographic scans and estimated the image quality of such scans [6]. 
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0 100 200 300 400 500 600
0

100

200

300

400

500

600

700

800

900

1000

 

 

P
ar

ti
cl

e 
su

rf
ac

e 
(p

ix
el

)2

Particle volume (pixel)3

-638-



Acoustic emissions monitoring and synchrotron XAcoustic emissions monitoring and synchrotron XAcoustic emissions monitoring and synchrotron XAcoustic emissions monitoring and synchrotron X----ray ray ray ray 

diffraction diffraction diffraction diffraction analysis of mineral dehydrationanalysis of mineral dehydrationanalysis of mineral dehydrationanalysis of mineral dehydration at high  at high  at high  at high 

pressures and temperaturespressures and temperaturespressures and temperaturespressures and temperatures    

 
F. Brunet1, A. Schubnel1, J. Gasc1, N. Findling1, H.-J. Mueller2 and C. Lathe3 

1Laboratoire de Géologie, ENS-CNRS, 24 rue Lhomond, F-75005 Paris, France 

2GeoForschungsZentrum. Potsdam, Telegrafenberg D-14473 Potsdam, Germany 

3HASYLAB-DESY, Notkstrasse 85, 22603 HAMBURG, Germany 

We have monitored from in-situ X-ray diffraction coupled to Acoustic Emission (AE) imaging, the 
behaviour of several materials under elevated pressures and temperatures (quartz, kaolinite, 
serpentinite). The samples were placed in a boron-epoxy assembly with an 8-mm edge-length and 
loaded in the MAX80 cubic multi-anvil press installed on the German synchrotron (HASYLAB-
DESY, Hamburg). AE were recorded using six piezoceramic transducers (2 MHz eigen frequency) 
glued on each of the six WC anvils. Full waveforms were acquired using an eight channel digital 
oscilloscope and a continuous acoustic recorder. 

Our system was first tested using quartz beads (500 µm) aggregates. During cold compression 
performed on these samples many acoustic events were recorded and located inside the samples 
(Figure 1). These are obviously related to the fragile fracturing of the quartz due to the porosity loss. 
During the heating cycles performed on the same samples, the acoustic activity progressively 
vanishes between 300 and 400°C indicating the transition to the ductile regime towards higher 
temperatures. Further experiments were performed by mixing 20wt% of kaolinite to the quartz. As 
a result, the amount of acoustic emissions recorded during cold compression is significantly 
reduced. This is thought to be a result of the ductile behaviour of kaolinite even at low 
temperatures. This assumption has been confirmed by performing experiments on pure kaolinite 
which did not produce acoustic emissions during cold compression nor during heating cycles up to 
1000°C (i.e., beyond the kaolinite dehydration temperature). This set of experiments clearly 
established that no acoustic activity is produced by the assembly and that AEs produced by the 
samples are accurately located by the software. 

The behaviour of serpentinite dehydration was then investigated under various pressure conditions 
(i.e. various volume changes), from ~0.6 to ~40kbars. These experiments were performed under 
deviatoric stress conditions by using Al2O3 waveguides. While clearly identified with the time 
resolved diffraction patterns, the dehydration process did not produce any AE, at least within the 
sensitivity and frequency ranges of our transducers. The microstructures observed on the recovered 
samples by SEM show features characteristic of fluid localisation and/or migration and highlight 
the fact that fractures were activated prior, during and after mineral dehydration. 

These results tend to show that the relationship between mineral dehydration, acoustic emission 
production, earthquakes and fracturing are not as straightforward as one could expect under high 
pressure and temperature conditions. 
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Figure 1: (upper panel) High density of AE produced upon quartz compression up to 9 tons (0.7 GPa) due to 
grain crushing (initial grain size ca. 500 µm). (lower right) Typical waveform; (lower left): most of the AE 
are localized within the sample and do not arise from the pressure cell. 
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Arsenic (As) is a ubiquitous, toxic contaminant threatening water resources worldwide. In soils and 
sediments, As is known to be predominantly associated with iron-(hydr)oxides [1,2] and clay 
minerals [3] under oxidizing, and with sulfide minerals [4] under strongly reducing conditions. 
Remarkably high concentrations of As in environments rich in organic matter (OM) and poor in 
metal-(hydr)oxides have recently raised the question whether natural OM can be regarded as an 
important sorbent for As [5-8]. For this reason, we started to investigate the speciation of both As 
(ESRF, Grenoble, France) and Fe (Hasylab, Hamburg, Germany) in the As-enriched, groundwater-
fed peatland Gola di Lago in canton Ticino, Switzerland. This peatland is characterized by a 
variable As content, partially reaching threshold values of environmental concern, and a variable 
composition in organic and mineral matter (Table 1).   

Table 1. Laboratory and linear combination fit (LCF) results for two exemplarily selected peat samples (B3-
1 and B1-23) collected at different depths. 

ID Laboratory results: Linear combination fits: 

 Eh     pH As
a
 S

a
 Fe

a
  C

b
  Pyrite

c
 Lepidocrocite

d
 Ferri-

hydrite
e
 

Fe(III)-

Oxalate
f
 

Fe(III)-

Citrate
g
 

 [mV]  __ [mg/kg] __ __ [g/kg] __ _____________________________
 [%] 

_____________________________
 

B3- 1
h
  -108 6.2 1416 8343 28 325 - 28 53 19 - 

B1-
 
23

i
 133 5.5 425 21160 7 463 61 - - 16 27 

atotal concentration (dry weight basis) measured by XRF; bdetermined using a high-temperature combustion CHNS-analyzer (Leco); 
cnatural; dsynthetic [9]; esynthetic [10]; fsynthetic (Alfa Aesar 220-951-7); gsynthetic (Fluka 44941); hsampling depth 0.00-0.12 m; 

isampling depth 1.92-2.00 m. 

Peat samples were collected during the snow-melt period in spring 2009. Core holes were drilled up 
to a depth of 3.50 m and the retrieved core material was cut into slices of 8 cm, each slice split into 
two halves. One half was used for on-site measurements like redox potential and the determination 
of mineralogy by X-ray diffraction (XRD) analysis, and of total element contents by X-ray 
fluorescence (XRF) analysis. The other half, intended for X-ray absorption spectroscopy (XAS) 
measurements, was immediately shock-frozen in liquid N2 in the field, transported on dry ice to the 
laboratory, freeze-dried, and homogenized in an anoxic glove box. Based on XRD and XRF results, 
we selected a subset of 10 peat samples offering a wide range of As concentrations (130-1416 
mg/kg) for XAS analysis. The samples were prepared in aluminum powder holders sealed with 
Kapton tape in an anoxic glovebox and stored under anoxic conditions until analysis at beamline C 
(CEMO) of the Hamburger Synchrotronstrahlungslabor (Hasylab) at Deutsches Elektronen-
Synchrotron (DESY). The speciation and bonding environment of Fe were investigated by Fe K-
edge (7,112 eV) X-ray absorption near edge structure (XANES) and extended X-ray absorption fine 
structure (EXAFS) spectroscopy. Sample spectra were recorded in fluorescence mode at about 80 K 
using a 7-cell Si-drift-detector (SDD) and a cryostat. In addition, we collected XAS spectra of 21 
reference materials in transmission mode including organic and inorganic Fe compounds. The 
reference spectra were used for Fe speciation in the peat samples by means of LCF analysis.  

Samples chosen for XAS measurements derived from two different peat cores differing in the depth 
of As concentration maxima (B1 >1.6 m and B3 <0.4 m) (Table 1). X-ray diffraction analyses 
showed that peat samples mainly contained quartz and muscovite as mineral constituents. Pyrite 
was only detected by XRD in profile B1. Best fit results of the LCF analysis of two representative 
peat samples are shown in Table1 and Figure1. 
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Figure 1. Fe K-edge EXAFS spectra of selected peat samples (B3-1 and B1-23) and reference samples. 
Linear combination fits are indicated as dotted lines. (a) peat sample B3-1, (b) peat sample B1-23, (c) pyrite, 
(d) lepidocrocite, (e) ferrihydrite, (f) iron(III) oxalate, (g) iron(III) citrate. 

We found significant differences in Fe K-edge EXAFS spectra between anoxic/suboxic peat 
samples as a function of sampling depth. While in the upper parts of the peat profile Fe(III)-
(hydr)oxides were the major Fe species, the deeper peat layers were dominated by pyrite (FeS2). 
Speciation analyses of As at ESRF (Grenoble, France) indicated that in the uppermost parts As was 
mainly present in the form of realgar ( -As4S4), partly in association with As(III, V) sorbed to 
ferrihydrite, whereas in the lower parts As(III) was predominantly bound to S atoms of soil OM. 
The As K-edge EXAFS spectra closely resembled those of As(III) bound to cysteine residues in 
which As is coordinated to three S atoms at a distance of between 2.2 and 2.25 Å [11-13]. Our 
results document that the geochemical As cycle is not entirely linked to that of Fe in such OM-rich 
soil environments. In addition, sorption of As by particulate soil OM via a SN reaction and/or redox-
sorption process can be regarded as a potent sequestration mechanism. These observations represent 
a great step forward in our understandings of the potential mobility and toxicity of As in OM-rich 
environments. Our next step is to investigate (i) annual speciation changes of Fe (and As) caused by 
seasonal changes in microbial activity, water table fluctuations, and thus changes in redox potential 
at our study site, and (ii) changes in Fe (and As) speciation during re-oxidation of the peat samples 
under controlled laboratory conditions. 

References 

 

[1] S. Dixit, and J.G. Hering, Environ. Sci. Technol. 37, 4182 (2003). 

[2] R.J. Bowell, Appl. Geochem. 9, 279 (1994). 

[3] B.A. Manning, and S. Goldberg, Environ. Sci. Technol. 31, 2005 (1997). 

[4] P.A. O'Day, D. Vlassopoulos, and N. Rivera, Proc. Natl. Acad. Sci. U.S.A. 101, 13703 (2004). 

[5] Z.I. Gonzalez A., M. Krachler, A. Cheburkin, and W. Shotyk, Environ. Sci. Technol. 40, 6568 

(2006). 

[6] M. Bauer, B. Fulda, and C. Blodau, Sci. Total Environ. 401, 109 (2008). 

[7] C. Blodau, B. Fulda, M. Bauer, and K.-H. Knorr, Geochim. Cosmochim. Acta, 72, 3991 (2008). 

[8] J.J. Rothwell, K.G. Taylor, E.L. Ander, M.G. Evans, S.M. Daniels, and T.E.H. Allott, Sci. Total 

Environ. 407, 1405 (2009). 

[9] G. Brauer, Handbuch der Präparativen Anorganischen Chemie, Ferd. Enke Verlag: Stuttgart, 

Germany, Vol. II (1963). 

[10] A. Voegelin, F.A. Weber, and R. Kretzschmar, Geochim. Cosmochim. Acta 71, 5804 (2007). 

[11] W. Shi, J. Dong, R.A. Scott, M.Y. Ksenzenko, and B.P. Rosen, Biol. Chem. 271, 24465 (1996).  

[12] H. Bhattacharjee, and B.P. Rosen, Biol. Chem. 271, 24465 (1996). 

[13] P. Martin, S. DeMel, J. Shi, T. Gladysheva, D.L. Gatti, B.P. Rosen, and B.F.P. Edwards, Structure 

9, 1071 (2001). 

-642-



Trace element incorporation into tests of in vitro 
grown foraminifera - a micro- SYXRF application for 

the  development of Paleoproxies 

U. Kramar, D. Munsel , Z. Berner , J. Bijma
1
 and G. Nehrke

1 

Universität Karlsruhe, Mineralogy and Geochemistry, Karlsruhe, Germany 
1
 Biogeosciences, Alfred Wegener Institute for Polar and Marine Research, Bremerhaven, 

Germany 

Trace element chemistry and isotopic composition of calcareous foraminiferal tests reflect the 
environment in which they grow. Consequently, geochemical parameters of the tests are often used 
as paleo-proxies to constrain the environmental conditions in ancient seas [1]. 

Currently only a limited number of trace elements is used as proxies. Difficulties arise from the fact 
that often a proxy depends on several parameters and that seawater-chemistry may be influenced by 
local sources such as hydrothermalism or by changes in redox conditions. Reliable experimental 
data on elements which can be considered as diagnostic for hydrothermal activity and/or changing 
redox conditions are non-existent to scarce. 

Material and Methods 

We have cultured shallow benthic foraminifera (Ammonia tepida) under controlled conditions at 
defined trace element levels (5, 10, 20-fold average seawater concentration) representing two 
distinct environmental simulations, one for hydrothermal (Mn, Cu, Co, Ni) and another for 
changing redox conditions (Mo, As, Cr, and V). The goal of our investigations is to provide 
diagenetically unbiased experimental trace element data in foraminiferal shells as a basis for a more 
complete understanding of trace element partition between seawater and foraminifera shell calcite 
as a function of environmental conditions. 

The foraminifers did not reproduce in culture but grew new chambers as evidenced by labelling 
with calcein [2]. The trace element uptake into old (field grown) and new chambers was 
subsequently analysed. 

Shallow benthic foraminifera (Ammonia tepida) have been cultured under controlled conditions at 
defined trace element levels (5, 10, 20-fold average seawater concentration) representing two 
distinct environmental simulations, one for hydrothermal (Mn, Cu, Co, Ni) and another for 
changing redox conditions (Mo, As, Cr, and V).  

The goal of our investigations is to provide diagenetically unbiased experimental trace element data 
in foraminiferal shells as a basis for a more complete understanding of trace element partition 
between seawater and foraminifera shell calcite as a function of environmental conditions.  

The foraminifers did not reproduce in culture but as evidenced by calcein labelling [2], they grew 
new chambers. Therefore, the space resolved analysis of the trace element uptake into old (field 
grown) and new chambers (grown in culture) was carried out. 

Experimental 

Using excitation energies of 25 keV and confocal poly capillary optics at HASYLAB Beamline L, 
old chambers and new ones of the same foraminifera have been analyzed separately for Ni, Cu, Zn, 
Mn, As, Cr, V, Sr and Mo. The data have been compared with results from LA-ICP/MS analytics. 
Concentrations of the elements of interest in the newly grown chambers are varying in the 0.x to xx 
µg/g range. Because of these low concentrations and the relatively low intensities, relatively long 
measuring times (~50s) were necessary at each spot. The trace element contents in the foraminiferal 
tests were quantified by fundamental parameters. Path length of the incoming beam was determined 
from the ratio of the primary and 

-643-



secondary monitor. Since the foraminifera shells consist of nearly pure calcite, Ca was used as 
internal standard to calculate the average path length of the outgoing beam. 

Arsenic, V and Ni concentrations in the test correlate with their concentration in seawater. 
Nevertheless considerable variations, possibly reflecting vital effects, are observed between newly 
grown chambers of individuals grown under identical culture conditions.  

Measuring conditions (confocal optics):  Whole foraminifera from the different pools were mounted 
on 3 µm Mylar film. To obtain 
informations about the 3 
dimensional distribution of the 
trace elements on the 
micrometer scale 3-D scans 
across new and old chambers 
have been measured using 
confocal optics at HASYLAB 
Beamline L 

 

Results 

Old and new chambers of foraminifera cultured in different pools under controlled conditions have 
been analyzed space resolved for Ni, Cu, Zn, Mn, As, Cr, V, Sr and Mo. The Ni, Cu and As con-
tents generally reflect the varying concentrations in the seawater of the different pools. 

Nevertheless, interspecies variations and small-scale variations within the same chamber are rather 
high and reflect vital effects. La-ICP/MS measurements show the  same tendency:  

Due to their neighbourhood to Ca, the elements V and Cr could not be determined by µSYXRF at 
these low sub-ppm concentration levels (0.1-2µg/g concerning to LA-ICP/MS). On the other hand 
As could not be determined by LA-ICP/MS.  Manganese contents in the foraminiferal shells 
shows no dependency from the Mn content of the water, but the Mn contents in the seawater pools  
fluctuate considerably. This is probably due to the tendency of Mn to precipitate in oxidizing 
environment. 

By 3-D measurements with confocal µXRF microprobe the shape of the foraminiferal, position of 
the inter-chamber walls and element distribution within the foraminiferal chambers can be 
reconstructed, but due to the fact, that the thickness of the chamber walls, especially of the newly 
grown chambers, was smaller than the griding distance. At several points the beam voxel only 
partially hit the chamber walls.  

The 3-D map of a foraminifera from the pool with highest As clearly shows that the highest As- 
concentrations occur in the  newly chambers and new inter-chamber walls (Fig.4). It can be 
assumed, that Sr is incorporated into the foraminiferal calcite at fairly constant concentration level. 
Therefore the As/Sr ratio has been calculated to reduce the effect of varying wall thicknesses. 
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Trace elements in ambient air segregated into three size ranges (10-2.5µm, 2.5-1µm and 0.1-1µm) were 
sampled with a rotating drum impactor (RDI). The high time resolution (i.e. in the order of 1 hour) makes it 
possible to detect diurnal variations in the concentrations. The analysis requires, however, a highly sensitive 
detection method, such as synchrotron-radiation based x-ray fluorescence. A broad range of elements (Mn, 
Fe, Ni, Cu, Zn, Se, Sr, Zr, Cd, Sn, Sb, Ba) was measured during two beamtimes in 2009 at the HASYLAB 
beamline L. This extended the data set measured at the Swiss Light Source (SLS) of the Paul Scherrer 
Institut, Switzerland (elements Al, Si, P, S, Cl, K, Ca, Ti, V, Cr) significantly. Measurements were done at 
HASYLAB with a polychromatic beam with a continuous energy range from 5 keV to 80 keV. The beam 
spot size was set to 100x200µm, providing sufficient photon flux to detect such small concentrations as some 
µg per total sample area [1]. Aluminium absorbers of different thicknesses were employed to shape the 
continuous spectrum. For the measurement of heavier elements up to the Ba Kα line at 32 keV a Si(Li) 
detector with a large active volume (crystal area 80 mm2, crystal depth 4 mm) and a 12.5 µm thick beryllium 
window was chosen (nitrogen cooled Sirius 80, Gresham). Whenever count rates were high enough to cause 
dead time and saturation effects in the detector, the incoming x-ray intensity was reduced through narrowing 
of the exit slits in the beam path. 

Field measurements were carried out during 2008 and 2009 at different places in Europe in the context of the 
EUCAARI (Zürich, CH), EMEP (Payerne, CH) and DAURE (Barcelona, ES) field campaigns. Although 
trace elements do not contribute substantially to the total mass of air pollutants, they can contribute 
significantly to source identification. Source apportionment studies performed with positive matrix 
factorization (PMF) took advantage of the gain in information obtained through a high time resolution and 
size segregation. This implies the possibility to identify different sources for a single element depending on 
its emitted particle size. An example is iron, which can be attributed to mineral dust in the coarse size range 
(10-2.5 µm) and to mechanical abrasion in the fine size range (<1 µm).  

Figure 1 shows an example of a factor profile obtained with PMF for the coarse size range. Sampling took 
place in Zürich Kaserne during winter 2008/2009 with a time resolution of 2 h. The first identified factor 
corresponds to de-icing salt, the second one is road dust, with main contributions of Al, Si, Ca and Fe. In the 
traffic related factor Al (from catalysts), Cr, Cd and Pb amongst other elements can be found. The fourth 
factor consists of many metallic elements like Fe, Cu, Zn and others typical for brake pads (Mo, Sn, Sb and 
Ba) [2]. Results are a combination of SRXRF measurements at SLS and HASYLAB. 

Figure 2 shows the corresponding time series for the factors shown in Figure 1. There was a short 
measurement interruption from 26 to 28 December 2008. 
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Figure 1: Factor profiles obtained with positive matrix factorization. 

 

 

Figure 2: Time series of PMF factors, corresponding to variations in mass concentrations. 

Comparisons of source profiles from different campaigns reveal regional variability due to individual 
properties of rural and urban sites. As would be expected, urban areas exhibit stronger traffic factors, 
whereas mineral dust is enhanced at rural sites. Furthermore, geographic differences can be recognized by 
PMF, as the Barcelona site clearly shows a marine factor and industrial influences that are absent in 
Switzerland. The identification of heavier elements measured at HASYLAB brought a significant gain in 
information for the individual emission sources. 
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Introduction:  

Investigation of nanoparticles is significant to our understanding of desirable, as well as undesirable, 
environmental, technical and basic solid state processes, in order to be able to control or predict their 
formation and stability. The evolution of a condensed solid often occurs via formation and agglomeration of 
nanoparticles. Nanoparticles are generally not stable, due to the reactivity of their high surface area, and 
therefore have a tendency to agglomerate into larger aggregates. Scientists and engineers dealing with 
nanotechnology are faced with the challenge of preparation and stabilization of nanoparticles in various 
media. Under the conditions of proposed spent nuclear fuel (SNF) or high level waste (HLW) repositories, 
where elevated radiation and thermal fields will prevail, formation of various nanoparticles have been 
demonstrated in several studies.  

The goal of our research here is to synthesize monodisperse thorium, uranium and cerium oxide 
nanoparticles and characterize their size, size distribution and structure. We use an optimized method of 
oxide nanoparticle preparation and stabilization by embedding them into the pore structure of mesoporous 
silica as a solid template. This allows us to obtain particles with a narrow size distribution and to stabilize 
them against agglomeration. To study the relationship between particle size and structure, mesoporous 
matrixes of MCM-41 and SBA-15 families are used to synthesize particles with a mean size of 2, 3 and 5 
nm, which are then characterized by means of HR-TEM [1]. We characterize the oxidation state with high-
resolution X-ray emission spectroscopy (HRXES). The L3 edge X-ray absorption near-edge structure 
(XANES) recorded with HRXES is more sensitive to subtle oxidation state changes, compared to 
conventional techniques, as the measured XANES have better resolved spectral features. This is especially 
true for the L3 XANES of the actinide elements (An); only modest differences in L3 XANES are observed 
for An cations in differing oxidation states [2]. We begin our investigations here with non-radioactive CeO2, 
which is isostructural to AnO2. 

Experimental details: 

HRXES experiments are performed on the 2 nm CeO2 nanoparticles and bulk, powder CeO2 at the BL-W1 
experimental station at HASYLAB, Hamburg, Germany. The Lα1 fluorescence emitted by the sample 
following excitation of 2p3/2 core states using radiation coming from the wiggler at BL-W1 is energy 
dispersed using a Si(400) analyzer crystal, at Bragg angle of 70.66°. The crystal with a 1m bending radius 
focuses the dispersed emission onto a CCD detector (Princeton Instruments, USA). Spectra are recorded by 
registering the emission signal for each incident energy increment from and plotting the integral emission 
intensity at 4.83keV±0.001keV for each point, normalized to the incident intensity measured with an air-
filled ionization chamber. The excitation wavelength of the incident excitation radiation is 
monochromatized using a Si(111) crystal pair in the double crystal monochromator. 

Results and discussion: 

Assuming that the synthesized CeO2 nanoparticles behave similarly to previous reports, in that their 
increased lattice parameters are larger due to formation of charge defects (oxygen vacancies) and 
compensation with Ce3+, we attempt to discern if our nanoparticles indeed contain Ce3+. We record Ce L3 
HRXES spectra of our 2nm CeO2 nanoparticles and compare these to bulk CeO2. This is a similar strategy 
to using Ce L3 analysis, but by monitoring the partial fluorescence yield, thereby circumventing life-time 
spectral broadening, near-edge spectra with much better resolution are obtained. The spectra are depicted in 
figure 1. The bulk CeO2 L3 HRXES exhibits a splitting of the white line, also observed in its conventional 
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XANES, due to introduction of multiple final states through hybridization between O 2p and Ce 4f(5d) 
states [3]. These spectral features in the HRXES are significantly better resolved, however. The HRXES for 
the nanoparticle sample is different than the bulk spectrum; it shows evidence for the presence of Ce3+ along 
with the Ce4+. The spectrum exhibits a relatively higher intensity for the low energy feature. The feature 
itself is shifted to lower energy by nearly 3 eV, which is the expected energy shift of the main absorption 
maximum of Ce3+ relative to Ce4+. This spectroscopic evidence of the presence of both Ce3+ and Ce4+ in the 
nanoparticles supports the interpretation of their increased lattice constant being due to the presence of Ce3+ 
cation and oxygen vacancy charge defects to compensate surface free energy changes caused by decreasing 
particle size. This corroborates previously reported conventional XANES results [3]. Our nanoparticles may 
be better described as CeO2-x.  
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Figure 1: Ce L3 HRXES near edge spectra recorded for the 2 nm ceria nanoprticles embedded in MCM-41 
(black) and bulk CeO2 (red). 
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The Earth=s deep interior is only accessible by indirect methods, first and foremost seismological
studies. The interpretation of these seismic data and the corresponding numerical modelling
requires measurements of the elastic properties of representative Earth materials under
experimental simulated in-situ pressure-temperature conditions.

The experimental simulation of P-T conditions in the transition zone and deep mantle require
quasihydrostatic pressure generation. Multi-Anvil devices, also called Large Volume Presses
(LVP), have a 3-dimensional pressure generation in principle. The sample volume is 10 to 10 m ,-7 -8 3

i.e. it is  thousand to 10-million-fold bigger than that in Diamond Anvil Cells. We used the single-
stage DIA MAX 80 (300 tons) and the double-stage DIA MAX 200x (1750 tons) installed at
beamlines F2.1 and W II for our experiments. Ultrasonic interferometry evaluates the superposition
of the elastic waves reflected from the front and rear face of the sample. The result is a periodical
sequence of constructive and destructive interferences [1, 2, 3, 4, 5, 6, 7]. The technique require
parallel sample faces. For known sample length the elastic wave velocity can be calculated from the
distance between the maxima or minima in the interference pattern. That means the sample length
under in situ conditions is strongly needed, i.e. precise high pressure ultrasonic interferometry
require X-radiography at a light source. The practical uncertainty of the velocity measurements by
interferometric technique used in LVPs is in the range of 0.2%, i.e. 10-times better than the travel
time method, and is totally independent on the length of the entire travel path in particular. But
there is a problem with classical ultrasonic interferometry, it is very time consuming. Sweeping
through the frequency range of several tens of MHz costs about 30 minutes, much too long for
transient measurements. The data transfer function (DTF) [2, 6] technique sends a calculated signal
to the transducer comprising the entire frequency range, which was used by the classical sweep
technique. Consequently the reply of the system also comprises all the superpositions of the elastic
waves reflected from both front faces  of the sample. The superposition pattern of the classical
sweep technique is recaptured by a post-experimental convolution. So, the syn-experimental time
and effort of the frequency sweep is shifted to a post-experimental calculation. Saving the highly
resoluted transfer function to a PC-harddrive costs about 1 minute. 

Measuring the elastic wave velocities of melts under simulated mantle conditions require some
refinement of the set-up design. First of all the sample has to be encapsulated to prevent the melt
from leaking out of the working section resulting in a blow-out of the whole set-up. With a molten
sample the alignment of buffer and reflector becomes critical. Otherwise the reflected waves from
the front and rear face of the sample would be no longer parallel to each other resulting in problems
with the evaluation of their superposition. The high melting temperatures of basic rocks result in
softening of the boron epoxy cubes of the set-ups accompanied by an increased blow-out hazard.
Classical capsule materials used in experimental petrology - gold and platinum - drop out of the
choice because of their high X-ray density. Even a thin metal sheet between buffer and sample for
its encapsulation is a problem because of the short ultrasonic wave length of several tens of
micrometers, i.e.  metal  foil  and  wave  length  are  in  the  same order of magnitude and additional 
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       Figure 1: Encapsulated sample ultrasonic set-up for MAX80 (left) and MAX200x (right).

interfaces result in extra energy losses. We designed a set-up with an encapsulation made from
titanium covering the entire travel path including reflector and blow-out preventer (Fig. 1). It is
sealed during the first stages of the high pressure run, ensures the alignment of the working section,
and is sufficiently X-ray transparent. For the first test runs we picked a material with a low melting
point, but a very low viscosity - hot-melt adhesive for optics. Any leaking or misalignment of the
molten sample could not be observed.

Fig. 2 shows the elastic wave velocity results up to 0.5 GPa pressure and 400°C temperature. Fig. 3
displays the X-radiographs taken before and after sample melting.

p sFigure 2: v  and v  for thermo-plastical lute         Figure 3: X-Radiography of an encapsulated 
                up to 0,5 GPa and 400°C.                                     ultrasonic sample before and after
                                                                                              melting under high pressure at 0.5 GPa. 
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Beamline and settings: 

This experiment is new and we report analyses performed during the first beamtime in November 
2009. The purpose of the experiment was to measure the oxidation state of iron and to determine 
which Fe-minerals are dominant in deep sea-sediments. We used the A1 beamline at the DORIS III 
facility for this purpose. EXAFS spectra were recorded at the Fe K-edge in known iron minerals and 
in sediments in the fluorescence mode using a PIPS detector for fluorescence. The size of the beam 
on the samples is quite large (5 mm horizontal x 0.8 mm vertical) but it allows the measurement of 
good average signal in Fe minerals and sediments.  

Sample preparation: 

Sample and standard materials were prepared by different methods. Standard minerals were 
measured as entire fragments when available or as pellets (sea preparation below). Anoxically-
stored sediments were sub-sampled and loaded on a sample holder in an anaerobic chamber to 
maintain anaerobic conditions. Dry sediment or standard samples were finely ground, mixed with 
cellulose and compressed to form a pellet. For comparison, selected samples were prepared using 
both methods.  

Completed measurements: 

During our beamtime, we recorded EXAFS spectra at the Fe K-edge of 19 Fe-containing minerals 
(standards) and 30 deep-sea sediment samples. The sediment samples came from the following 
locations: Eastern Equatorial Pacific (Ocean Drilling Program Site 1226), Nankai Through 
(International Ocean Drilling Program Leg 319), Bering Sea (IODP Leg 323, sites 1341, 1343, 
1344), Peru Margin (ODP site 1229), Arctic Sea, Black Sea. 

Results: 

Spectra were recorded between 6960 and 8000 eV in 677 points of 1s each. The resolution was of 5 
eV before the edge, 0.25 eV around the edge and 0.8 eV after the edge. Fe concentration was high 
enough to produce good-quality EXAFS spectra at the Fe K-edge (Fig. 1). All measurements were 
done at least in duplicate and duplicate spectra from samples and standards were identical, 
indicating no photo-oxidation or photo-reduction. Standard Fe-minerals show clearly distinct 
spectra. Moreover, preliminary results allow to distinguish between Fe(III) and Fe(II) minerals in 
sediments. Sample preparation had no significant influence on the spectra since spectra of pellets 
and fragments were identical. A difference was noticed between spectra of anoxic sediment samples 
dry/frozen sediment samples. Analysis of the spectra was attempted using the ATHENA software 
[1], however some standard components are still missing to proceed the complete analysis of the 
spectra in the sediments. They will be measured with other samples during the second round of 
beamtime in May 2010. 
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Figure 1: Fe K-edge XANES spectra of selected Fe minerals. In pyrite, the Fe oxidation state is II, in 
goethite the oxidation state is III, while in magnetite and vivianite the oxidation states are mixed. 
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The health effects of aerosol depend on the size distribution and the chemical composition of the 
particles. Heavy metals of anthropogenic origin are connected to the fine aerosol fraction (PM2.5). 
The composition and speciation of aerosols can be variable in time, due to the time-dependence of 
anthropogenic sources as well as meteorological conditions. Synchrotron-radiation total-reflection 
X-ray fluorescence (SR-TXRF) provides very high sensitivity for aerosol characterization [1]. X-
ray absorption near-edge structure (XANES) spectrometry in conjunction with TXRF detection can 
deliver speciation information on heavy metals in aerosol particles collected directly on the 
reflector surface. The suitability of TXRF-XANES for zinc speciation in size-fractionated aerosols 
from a short sampling period was previously tested. Information on Zn speciation could be 
obtained from air concentration of Zn as low as 100 pg/m3 for a 20-min sampling time in the 0.5-1 
µm aerosol fraction [2]. The measurements were extended to speciation of copper, another 
environmentally important element.  

Aerosol samples were collected on silicon wafers at different urban and background locations in 
Hungary using a 7 stage May cascade impactor [3], with aerodynamic cut-off diameters of 2, 1, 0.5 
and 0.25 µm at stages 4, 5, 6 and 7, respectively. The collected particles are deposited on the silicon 
reflectors as a thin strip with approximate dimensions of 20 mm × 0.3 mm. In addition, soil samples 
collected from the neighbourhood of the aerosol sampling sites were resuspended and deposited on 
silicon wafers with May-impactor. 

The measurements were performed at HASYLAB Beamline L using the TXRF vacuum chamber 
[4]. The white beam of a bending magnet was monochromatized by a Si(111) double 
monochromator. The vertical dimension of the beam was set to 0.5 mm. The absorption spectra 
were recorded in TXRF mode, tuning the excitation energy near the K absorption edge of Cu by 
stepping the Si(111) monochromator, while recording the Cu-Kα fluorescent yield using an energy-
dispersive Radiant silicon drift detector. The used energy step size varied between 0.5 (edge 
region) to 2 eV (more than 50 eV above edge). CuSO4 containing particles deposited to Si wafers 
using the May-impactor as well as Cu(NO3)2 and CuSO4 prepared using a nanoliter injector were 
used as standards. The measuring time for each energy point varied from 5 s to 30 s depending on 
the concentration of the element of interest. Cr standards having a known mass in dimensions 
identical to the deposited aerosol particles could be used for calculating the copper concentration in 
the samples. 

As an example, Figure 1 shows (TXRF-)XANES spectra of Cu standards, as well as an aerosol 
sample set and a soil sample originating from the airport of Budapest (Hungary). The fine aerosol 
fractions (< 2 µm) contained Cu mostly as sulfates. By comparison, Zn was present as a mixture of 
sulfates and nitrates in this aerosol fraction [2]. Although the Cu concentration near the runway was 
six times higher than at the terminal on the same day (59 and 10 ng/m3, respectively) [1], the 
speciation of Cu in the fine fraction was found to be the same at the two sites. The TXRF-XANES 
spectrum of the neighbouring soil (< 4 µm fraction) reveals that Cu is present as a mixture of Cu(II) 
compounds, mostly CuCO3 and CuO. Coarse (2–4 µm) aerosol particles collected near the runway 
showed a Cu K-edge absorption spectrum very different from that of the fine fractions. Significant 
amount of Cu is present as Cu(I) in this fraction. It should be noted that the self absorption effect 
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can be neglected because of the low Cu content in the samples (<3 ng). In contrary to Zn [2], the 
Cu K-edge TXRF-XANES results indicate that soil resuspension is only a minor source of Cu in 
the coarse aerosol fraction at the airport, aircraft brake pad erosion seems to be a more probable 
source of Cu. 

 

Figure 1: (TXRF-)XANES spectra of copper standards (a), as well as aerosol and soil samples collected at 
Budapest (airport) at impactor stages 6, 5 and 4 (b).  

The research leading to these results has received funding from the European Community's Seventh 
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the Hungarian Scientific Research Fund (OTKA T049581) is also appreciated. 

References 
 

[1] V. Groma, J. Osán, S. Török, F. Meirer, C. Streli, P. Wobrauschek, G. Falkenberg, Időjárás 112, 83 
(2008). 

[2] J. Osán, V. Groma, F. Meirer, E. Börcsök, S. Török, C. Streli, P. Wobrauschek, G. Falkenberg, Zinc 
speciation in size-fractionated aerosol samples using TXRF-XANES, HASYLAB Annual Report 
2008. 

[3] K.R. May, J. Aerosol Sci. 6, 413 (1975). 
[4] C. Streli, G. Pepponi, P. Wobrauschek, C. Jokubonis, G. Falkenberg, G. Zaray, X-Ray Spectrom. 34, 

451 (2005). 

0

0.2

0.4

0.6

0.8

1

1.2

1.4

1.6

1.8

2

8960 8980 9000 9020 9040 9060 9080 9100

Energy (eV)

0

0.5

1

1.5

2

2.5

3

3.5

8960 8980 9000 9020 9040 9060 9080 9100

Energy (eV)

N
or

m
al

iz
ed

 a
bs

or
pt

io
n

CuSO4.H2O

CuCO3

CuO

Cu2O

Cu

Soil (<4 µm)

St 6 (0.5–1 µm)

St 5 (1–2 µm)

St 4 (2–4 µm)

(a) (b) 

-654-



Aging effects on the geochemical partitioning of Aging effects on the geochemical partitioning of Aging effects on the geochemical partitioning of Aging effects on the geochemical partitioning of 
copper in soils using Xcopper in soils using Xcopper in soils using Xcopper in soils using X----ray microray microray microray micro----fluorescence fluorescence fluorescence fluorescence 

mapping and micromapping and micromapping and micromapping and micro----XASXASXASXAS 

S. Sayen and E. Guillon1 

1Institut de Chimie Moléculaire de Reims (ICMR), UMR 6229 CNRS 

Université de Reims Champagne-Ardenne 

Moulin de la Housse, BP 1039 

51687 Reims cedex 2, France 

 

The aim of this project is to evaluate the effect of aging on the geochemical partitioning of 
copper in soils. In this general context, µ-XRF in conjunction with µ-XANES, µ-XRD, and EXAFS 
will provide information about the redistribution of copper into soils and consequently its 
bioavailability and mobility in the environment. During the 15-shifts session onto the L beamline, 
we obtained data about ten samples. The use of micro focused synchrotron-based X-ray 
fluorescence spectroscopy (µ-XRF) provides us information about the heterogeneity of the copper 
distribution in soil samples under various aging times (Figure 1). From the resulting mapping, Cu 
‘hot-spots’ and Cu-poorly-loaded areas were selected for a µ-XANES and EXAFS study in order to 
obtain molecular information about the metal environment. This latter combined with µ-XRD 
(recorded simultaneously) will enable to precise the mineral phases on which copper is associated. 

 

 

 

 

Figure 1: Copper mapping onto a vineyard soil obtained by µ-XRF. 
 

 The first results obtained underlined significant differences according to various (from 1 day 
to 6 months) aging times and experimental conditions (Cu loading, single and successive 
applications of copper, influence of aging between two copper additions, influence of aging time 
prior to leaching experiments…). Indeed, a rapid first analysis of the recorded data evidenced a 
modification of the mineral (or organic) phase onto which copper is adsorbed on a case by case 
basis. The maps (largest was 1x1 mm) of the 6 main Al, Si, Ca, Mn, Fe, and Cu elements were 
made for each sample. The samples were set at 45deg with respect to the incident beam, in order to 
minimize scattering contribution. For each sample, 3 µ-XAS scans were recorded in several Cu 
‘hot-spot’. The size distribution of the Cu ‘hot-spots’ varies between 3 and 200 µm in diameter and 
therefore, the beam size of 15 µm was suitable for investigating all samples. A first analysis of the 
EXAFS and XANES spectra highlighted significant differences between these samples (Figure 2). 
The XANES spectra underline different geometries around the metallic cation, while EXAFS 
spectra analysis revealed dramatically different second coordination shells between 2 and 5 Å on 
the radial distribution functions, in accordance with a copper cation sorbed onto different soil 
fractions according to aging time. Beam damage was not observed, which confirms that working at 
room temperature was sufficient. 
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Figure 1: Copper environment in a spiked soil as a function of aging by µ-XANES and µ-EXAFS at the 
copper K-edge. 

On the basis of data obtained during this session, we expect to publish a paper in which µ-
XRF, µ-XAS, and µ-XRD results on geochemical partitioning of Cu2+ in soils will be integrated in more 
general studies including macroscopic studies (column sorption experiments). 
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Following the cold war, extensive uranium mining and production took place at selected sites in 

Kazakhstan and Kyrgyzstan as a vital part of the nuclear weapon program in the former Soviet 

Union. The uranium deposit situated in the Southern Kazakhstan and the adjacent territory of 

Kyrgyzstan contains about 15 % of the world reserves of uranium. The deposit represents an area of 

roughly 60 000 km
2
. The full industrial cycle of uranium recovery and processing of uranium ores 

have been undertaken in this region for about 50 years. Moreover, all types of uranium recovery 

have been undertaken: open-cast extraction; underground mining; in situ leaching with pumped 

sulphuric acid solutions. This densely populated territory was an administratively “closed area” 

within the USSR and information of the ecological state of this region is limited. Results available 

suggest that significant ecological damages, including radionuclide contamination and chemical 

pollution have occurred. Moreover, serious medical-pathological problems within the local 

population have been reported and these are claimed to be related to the environmental situation. 

Consequently, the Governments of Kazakhstan and Kyrgyzstan, and IAEA have expressed their 

concern about the radioecological situation within this region. 

 

In previous work [1], we characterised the terrestrial TENORM (Technologically Enhanced 

Naturally Occurring Radioactive Material) contamination at the former U mining sites Kadji-say, 

Kyrgyzstan and Kurday, Kazakhstan to obtain information on the solid state speciation and hence 

potential mobility of U from minerals. The presence of radioactive heterogenities in soils and 

minerals at both sites was documented and individual U containing particles were isolated and 

characterised by electron microscopy and synchrotron radiation based scanning micro-x-ray 

fluorescence (XRF)/micro- x-ray diffraction (XRD) at HASYLAB BL. U in the particles isolated 

from soil originating from Kadji-say, Kyrgyzstan, was identified as the relatively insoluble 

uraninite (log Ksp of UO2 = -60.6) and Na-zippeite (log Ksp = -116.5). In the present work, we have 

probed new U mineral specimens from the abandoned Kadji-say U mine with a micro-x-ray 

fluorescence (XRF)/micro- x-ray diffraction tomographic set-up to identify U minerals and their 

association with metals in cross sections of mineral grains. 

 

A focussed 27 keV monochromatic X-ray microbeam of 20 μm diameter, having a divergence of ca 

4 mrad was used for the investigations. This beam was obtained by employing a 200 period Mo/Si 

multilayer monochromator with mean layer thickness of 2.98 nm for energy band selection 

(ΔE/E=1%) and a single-bounce elliptical capillary for beam focusing [1]. A MarCCD camera 

(2K×2K, 80µm pixel size) at approx 20 cm behind the sample, was used for collecting diffraction 

patterns in transmission mode, along with 2 XRF detectors (Vortex; silicon drift detectors), 

positioned at 90 degrees relative to the primary X-ray beam, for simultaneous detection of the XRF 

signals. 

 

Diffraction patterns of Kadji-say mineral particles coincide with those of U4O9+y or UO2+x, which 

may be interpreted as uraninite. The diffraction patterns are indistinguishable at the resolution 

obtained during these experiments thus frustrating the exact identification. Na-zippeite, which was 

identified in samples from the same site in previous experiments was surprisingly not identified in 

the present samples. Uraninite (log Ksp of UO2 = -60.6) is relatively insoluble. 
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Figure 1: Diffractogram obtained from a TENORM particle from the former Kadji-say U mining site 
in Kyrgyzstan. 

For all the investigated samples, the elemental distributions show the presence of toxic metals. 
Furthermore, V, Se, Mo and Pb coexist with U in the investigated mineral grains. 

 

Figure 2: Distribution maps of metals and uraninite from a TENORM particle from the former Kadji-
say U mining site in Kyrgyzstan obtained by micro X-ray fluorescence and diffraction tomography. 
The maps represent an area of 620 µm × 620 µm. 

The present results highlight the need to also include information on trace elements of 
environmental concern in risk assessment studies at TENORM sites. 
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We investigated the changes in Fe speciation during initial soil development on granitic rock in the 
forefield of the retreating Damma glacier in the Swiss Alps, as part of a multidisciplinary project on 
the links between, climate change, rock weathering, soil formation and early ecosystem evolution 
(http://www.cces.ethz.ch/projects/BigLink). Because Fe is an essential nutrient for almost all 
organisms and biotite is the major primary Fe-bearing mineral at the study site [1], biotite 
dissolution and transformation represents one of the most important initial weathering processes in 
this young ecosystem. We therefore investigated these processes by combining stable Fe isotopes to 
gain insight into different physical and chemical weathering mechanisms with X-ray-absorption 
spectroscopy (XAS) at the Fe K-edge to follow changes in Fe speciation and redox state. 

We previously assessed the variability of Fe speciation and Fe oxidation state in the parent rock by 
Fe K-edge XANES and EXAFS spectroscopy [2] and investigated the dissolution of granite-derived 
primary Fe-bearing phyllosilicates [1]. In continuing work, we collected soil samples at the field 
site along a chronosequence of increasing age of soil development after deglaciation, as well as a 
reference soil substantially older than 150 years (i.e., not ice-covered during Little Ice Age from 
~1650 until ~1850). In addition to the bulk soil samples, the clay size fractions of three soils were 
also investigated. Furthermore, we extended our reference spectra database for the analysis of 
sample spectra by linear combination fitting (LCF). All sample and reference spectra were recorded 
at the Hasylab beamlines A1 and C using a Si(111) double crystal monochromator (all in 
transmission mode except two rock samples that were measured in fluorescence mode). 

For the quantitative determination of the Fe speciation, we fitted the soil and clay-size EXAFS 
spectra with ten reference spectra, from which seven were required to reproduce the spectra.  
Biotite, chlorite (CCa-2), epidote, and magnetite mainly represented geogenic Fe species, whereas 
the phyllosilicates smectite (SWy-2) and illite (IMt-1) and 2-line-ferrihydrite were proxies for 
pedogenic Fe species. Because the combination of fitted components is most representative for the 
average bonding environment of Fe in the respective sample, aggregated results for four groups of 
species are reported in Table 1: Fe(II)-bearing phyllosilicates (“Fe(II)-PS”, i.e., biotite and CCa-2), 
epidote and magnetite (“Epi+Mag”), Fe(III)-bearing phyllosilicates (“Fe(III)-PS”, i.e., SWy-2 and 
IMt-1) and Fe(II)-(hydr)oxides (“Fe(III)-ox”, 2-line ferrihydrite). From the LCF results and the 
Fe(II)/Fetot ratio of the reference materials, the average Fe oxidation state in the rocks and soil 
samples and the soil clay fractions was calculated. The Fe(II)/Fetot ratio of the references was either 
deduced from the stoichiometry or from the barycentre of the pre-edge peak (as described in [3]). 

In soils deglaciated for less than 20 years, about 15% of the Fe were attributed to Fe(III)-
phyllosilicates, indicating that significant oxidation of structural Fe in biotite probably started 
already before or right after deglaciation (Table 1). Within 140 years of soil development, 50% of 
the Fe were weathered to secondary mineral phases, with Fe(III)-(hydr)oxides playing a significant 
role just after 100 years of soil development. The rather constant LCF fractions of epidote and 
magnetite and the decrease in the Fe(II)-phyllosilicate fraction suggested that biotite and chlorite 
were the dominant Fe sources in this weathering process. In the reference soil, almost all primary 
phyllosilicates were transformed into secondary mineral phases. With these changes in the Fe 
speciation, the proportion of Fe(II) in the bulk soils decreased from around 70 % in the bulk rocks 
and initial soils to less than 20 % at the oldest site. 

The clay-size fractions contained less than 7% of the total soil Fe, but were significantly enriched in 
weathering products (Table 1). Already in the clay-size fractions extracted from soils deglaciated 14 
and 70 years ago, approximately 20% of the Fe were hosted by Fe(III)-phyllosilicates and 30% by 
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Fe(III)-(hydr)oxides. In the clay-size fraction of the soil weathered for 140 years, Fe(III)-
(hydr)oxides accounted for 50% of the Fe. 

By analyzing the Fe speciation in bulk soil samples and clay-size isolates along a chronosequence 
of increasing soil formation, we were able to trace and quantify Fe transformation processes in the 
initial weathering processes. This included changes in Fe redox-state and co-ordination 
environment, which would not have been detectable at these concentration levels using common 
techniques such as X-ray diffraction. These results contribute to the general understanding of the 
processes in incipient weathering environments and will in particular play an important role for the 
interpretation of stable Fe isotope dynamics in the investigated field system. 

Table 1: Best LCF results for three parent rock samples, bulk soil after increasing soil formation 
time (deglaciation), and corresponding soil clay fractions for three soils. The last column indicates 
the fraction of Fe(II) (relative to total Fe) derived from the LCF results. For further details see text. 

 Fe(II)-PS Epi+Mag Fe(III)-PS Fe(III)-ox Sum NSSRa Fe(II) 
   (%)   (%) (%) 
Parent Rock 

R02 77 23   98 2.1 69 
R07 80 20   98 2.1 73 
R08 75 25   92 7.1 69 

Bulk Soil 
7 yrs 74  13  99 1.0 66 
14 yrs 71 14 15  99 0.5 66 
70 yrs 64  24  104 1.8 59 
80 yrs 46  29  95 1.5 44 
110 yrs 53  16 18 100 0.9 48 
140 yrs 51  30 19 98 1.5 47 
ref. soil 15  41 31 107 0.9 17 

Soil clay fractions 
14 yrs 43  26 31 106 0.8 41 
70 yrs 51  21 29 108 1.0 46 
140 yrs 29  23 48 112 1.0 27 

aNormalized sum of squared residuals of fit. 
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The concentrations of high-field-strength elements (Ti, Zr, Hf, Nb, Ta) in natural magmatic rocks 
are important petrogenetic indicators in studies of the evolution of the Earth’s crust and upper 
mantle. Zirconium and hafnium are predominantly hosted by the accessory mineral zircon 
(Zr,Hf)SiO4, the solubility of which in aqueous fluids and melts therefore strongly controls the 
mobility of Zr and Hf in geological processes (e.g., [1]). However, very little is known on the 
solubility of zircon in aqueous systems at high pressures and temperatures [2-4]. Particularly the 
influence of dissolved silicate components has not been studied, but can be expected to enhance Zr 
concentrations in the fluid by orders of magnitude in comparison to that in pure water, based on the 
considerable solubility of Zr in silicate melts (e.g., [5,6]).  

The experiments were conducted using modified hydrothermal diamond-anvil cells (HDACs) as 
described in detail in refs. [7] and [8]. A zircon crystal was loaded into the sample chamber of the 
HDAC together with a piece of Na2Si3O7 glass and water. The weight fraction of glass relative to 
water was calculated from sample chamber volume, water density, and size and density of the pre-
prepared glass chip. The concentration of dissolved Zr in the fluid was then analyzed at various P-T 
conditions in the one-phase fluid field using time-resolved SR-XRF analyses until the system had 
equilibrated. The XRF spectra were acquired at beamline L at HASYLAB using a high bandwidth 
multilayer (Ni/C) monochromator, an excitation energy of 20 keV, and a single-bounce capillary to 
focus the beam to a spot in the fluid of about 11 microns in diameter [4]. In addition, a glass 
polycapillary (XOS©) providing a focal spot of ca. 150 µm (at 16.6 keV) at a focal distance of 50 
mm was placed in front of the energy dispersive Vortex© Si drift-chamber solid-state detector (Fig. 
1). This permitted confocal measurements, with several advantages for multiphase experiments 
using diamond-anvil cells. Collection of unwanted XRF signal is significantly suppressed, e.g., 
from co-excitation of the mineral by scattering in the upstream diamond anvil or from 
contamination outside the HDAC sample chamber (Fig. 1). This significantly facilitates the 
experiments, particularly because the actual location of the mineral relative to the recess in the 
sample chamber of the HDAC is less crucial. Moreover, the background intensity from Compton 
scattering along the path of the incident beam through the diamond anvil is much lower in the XRF 
spectra acquired using the confocal setup. Comparison of XRF spectra of a standard solution 
containing 1300 ppm Zr showed that this results in a slight decrease in the lower limit of detection 
for Zr to ~1 ppm, although the total intensity is reduced by a factor of 3.4 for Zr Kα in the spectrum 
acquired with the detector capillary (Fig. 1). 

Figure 2 shows the determined zirconium concentrations in the fluid upon equilibration of zircon in 
H2O+Na2Si3O7 mixtures as a function of pressure for several temperatures. At constant 
temperature, the Zr solubility decreases slightly with pressure. This points to a significant 
dependence of the speciation in the fluid on pressure. The overriding effect, however, is the strong 
increase in the Zr solubility with Na2Si3O7 concentration, which signifies that aqueous sodium 
silicate fluids are efficient means for transport of Zr (and other HFSE) via formation of Na-Si 
complexes.  
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Figure 1: Left: top view of the experimental configuration at beamline L, HASYLAB. Right: comparison of 
XRF spectra of a standard solution containing 1300 ppm Zr in the HDAC. The spectrum collected with the 

collimator shows a Sr Kα peak from a contamination outside the sample chamber, which is not present in the 
spectrum measured using the confocal setup with the detector capillary. 

 

Figure 2: Determined Zr concentrations upon dissolution of zircon in aqueous sodium silicate fluids. 
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Speleothems are well known paleoclimate archives but their potential for monitoring environmental 
pollution has not been fully explored [1, 2]. Our objective was to determinate the possible effect of 
the four-decade-long uranium (U) ore mining activity on the environment, as recorded by a cave 
deposit. For this propose, the Trio Cave had been selected. It is located in the western part of the 
Mecsek Mountains (S. Hungary) at the base of the Szuado Valley, approx. 1.5 km east of the 
nearest entrance and air shaft of the Mecsek uranium mine (mine-pit no. IV). A stalagmite located 
about 150 m into the cave was drilled and the 42 cm-long core was investigated for stable isotope 
and trace element composition using continuous-flow mass spectrometry and laser-ablation 
inductively coupled plasma mass spectrometry (LA-ICP-MS), respectively. The uppermost ca. 3 
cm of the core was selected for this study, which represents the last few hundred years (based on an 
estimated growth rate of 0.05 mm/year by 230Th age dating of older parts of the core). Uranium 
concentration in stalagmite sample increased radically (especially in the topmost 1.3 mm), starting 
from a background value of 0.2-0.3 µg/g, increasing gradually to about 2 µg/g, followed by 
constant values for about 0.5 mm, and then declining to about 1.5 µg/g [3, 4]. LA-ICP-MS revealed 
the higher uranium concentration in the surface than in the older part of the samples. However, it 
did not provide information on the microscopic heterogeneity and the chemical form of uranium 
present in the sample. Therefore additional methods were selected which can show the valence 
state of uranium and can look deeper into the sample. Synchrotron based X-ray analytical methods 
(micro-XRF and XANES) are known to be suitable for recording globally increasing anthropogenic 
emission of sulphur into the atmosphere [1] and for determining valence state of uranium in 
stalagmites [5]. 

The micro-distribution and the oxidation state of uranium in the stalagmite sample were 
investigated using micro-XRF and micro-XANES at the micro-fluorescence Beamline L of 
HASYLAB (Hamburg, Germany). The white beam of a bending magnet was monochromatized by 
a Si(111) double monochromator. A polycapillary half-lens (X-ray Optical Systems) was employed 
for focusing a beam of 1×1 mm2 down to a spot size of 15 µm diameter. The absorption spectra 
were recorded in fluorescent mode, tuning the excitation energy near the L3 absorption edge of U 
by stepping the Si(111) monochromator, while recording the U-Lα fluorescent yield using an 
energy-dispersive Radiant silicon drift detector. The used energy step size varied between 0.5 (edge 
region) to 2 eV (more than 50 eV above edge). UO2, UO3 and U3O8 particles were used as 
standards. The collection of the elemental maps was performed at an excitation energy of 17500 
eV. 

Close (ca. 200 µm) to the upper brink of the polished site of stalagmite sample, vertical scan was 
performed with 100 µm stepping. An enhanced U (and Pb) bearing microscopic grain was detected 
ca. 1 mm from the brink. Following the rough scan, a detailed mapping was carried out on a larger 
area of 2×1 mm2 using 30 µm horizontal and 20 µm vertical stepping. The mapping revealed a belt, 
wherein plenty of U-, Th-, REE-, Pb-containing minerals are present (Figure 1a). The belt is 
approximately 1040 µm to the upper margin of the sample and ca. 400 µm thick. Micro-XANES 
measurements were performed on grains containing U at the highest concentrations and on the 
matrix as well. The interpreted results with spectra of standards are presented on Figure 1b, 
showing that uranium is in tetravalent state (same absorption edge as UO2) within the grains and 
mostly in hexavalent (similar absorption edge as UO3) in the matrix. The relatively low uranium 
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concentration, the significant amount of rubidium and strontium in the sample studied made the 
XANES measurements problematic in the case of the uranium in matrix (see Figure 1b).  

The synchrotron based X-ray analytical methods (micro-XRF and XANES) we used clearly 
revealed that uranium measured by LA-ICP-MS is present not only in hexavalent state as a 
substitution of Ca in the matrix of stalagmite but also in tetravalent state in accessory minerals. 
Moreover, the present investigations pointed out that these minerals are present in a distinct rim, 
which represent a rainy event, when these minerals were washed out by rainwater from the 
overburden formations.  

 

Figure 1: X-ray intensity maps recorded on a ca. 2 mm2 area of the stalagmite sample (a). Micro-XANES 
spectra collected on the stalagmite sample (matrix and U-rich grains), compared to those of standards (b).  

The research leading to these results has received funding from the European Community's Seventh 
Framework Programme (FP7/2007-2013) under grant agreement n° 226716. 
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The Nicaraguan volcanoes, which are part of the Central American Volcanic Arc (CAVA), 
have produced 13 highly explosive eruptions within the last 60 ka [1]. All of these “Plinian” 
eruptions reached well into the stratosphere such that their released volatiles may have 
induced changes of atmospheric chemistry and climate. While previous research has 
focussed on the sulfur and chlorine emissions during such large eruptions, we here 
present measurements of the heavy halogens (bromine, iodine) by means of synchrotron-
XRF microanalysis. Spot analyses of pre-eruptive glass inclusions trapped in minerals 
formed in magma reservoirs were compared with those in matrix glasses of the tephras, 
which represent the post-eruptive, degassed concentrations. The concentration difference 
between inclusion and matrix, multiplied by erupted magma mass determined by 
extensive field mapping, yields an estimate of the degassed mass of heavy halogens. Br 
and I are probably hundreds of times more effective in destroying ozone than Cl, and can 
accumulate in the stratosphere over significant time scales. 

The analysed deposits of 12 large eruptions have bromine and iodine contents in the 
inclusions of 5 to 27 ppm and 1 to 3 ppm, respectively. Br and I concentrations in matrix 
glasses are nearly constant at 5 ppm and 0.5 ppm, respectively. Analyses by mass 
spectrometry of pyrohydrolysed samples of the phenocryst-poor bulk glasses confirm the 
Br and I concentrations observed for matrix glasses. 

On average, masses of 50 kilotons of bromine and 27 kilotons of iodine have been 
released during single eruptions (Figure 1); for the 25 ka eruption of the Upper Apoyo 
Tephra, however, the released heavy halogen masses are about one order of magnitude 
larger, reflecting both the larger erupted magma mass and higher magmatic heavy 
halogen concentrations. Our new data on heavy halogens will be used as input for climate 
models to evaluate past –and possible future – atmospheric effects. 
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Figure 1: Emission of bromine and iodine into the atmosphere from selected Plinian Nicraguan eruptions 
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The run corresponding to project I-20090093 EC took place on beamline A2 between October 12 
and October 15 2009. All experiments were carried out at a fixed energy of 8keV with a sample to 
detector distance of 2.5m. The beamline quality and stability were excellent and up to 1500 patterns 
were acquired. This report will focus on the role of ionic specificity on the structure of aqueous clay 
suspensions. 

Natural swelling clay minerals are negatively charged platelets whose charge is compensated by 
exchangeable cations. Swelling clay suspensions homoionized by monovalent cations form gels at 
low solid contents. Such property is used in numerous industrial (drilling fluids, thickeners and anti-
settling agents) or health (gastrointestinal protectors, antidiarrheaics) applications. Despite this 
importance, and though numerous studies have focused on colloidal dispersions of natural or 
synthetic clay platelets, the structure of the gel and the mechanisms of gelation are still under debate 
with two conflicting views: electrostatic attraction between edges and faces of the platelets [1] and 
stabilisation of the gel structure by repulsive electrostatic interactions of the electrical double layers 
[2]. We recently proved the repulsive nature of interactions at low ionic strength in the case of 
natural nontronite clay suspensions [3]. As far as clay suspensions are concerned, it is necessary to 
extend our approach to other clay minerals and to clarify the influence of ionic specificity. For 
studying this problem, we focus our work on six natural size-selected swelling clays of the 
montmorillonite group, one Beidellite SBId-1, two Nontronites NAu-1, NAu-2 and three 
Montmorillonites, SWy-2, SAz-1, Milos under their Na+, Li+ or K+ exchanged forms and by varying 
the ionic strength from 10-5 to 10-3 M/L. For all clays, four sizes fractions have been obtained by 
successive centrifugations except for beidellite where only 3 sizes are available.  

For each size fraction at a fixed ionic strength, around 8 solid concentrations were analyzed which 
allows examining all the phases present in the phase diagrams of these materials, i.e. isotropic, 
nematic and gel phases. Obviously, all the patterns have not been fully analyzed yet and data 
treatment is under progress. However, similar behaviour can already be observed between the Na+ 
and Li+ forms of beidellite and Arizona montmorillonite suspensions. SAXS experiments revealed 
the presence of correlation peaks whose position depends on the volume fraction. This can be 
illustrated for various volume fractions (Figure 1A). The evolution of the correlation distances 
between platelets allows deriving swelling laws that display a crossover from local lamellar order 
(φ-1) to isotropic volumic swelling (φ-1/3) close to the sol-gel transition. Furthermore, the average 
thickness of the individual objects derived from the swelling laws is close to that of a single clay 
sheet (0.65 nm) for both clays whatever the nature of the counterion. 

In parallel, combinations of osmotic pressure measurements and SAXS results reveal that the 
pressure of the system can be approached from a simple Poisson-Boltzmann treatment based on the 
charge of infinite parallel platelets whatever the size of the particles (Figure 1B). The agreement 
between calculated and experimental osmotic pressure is quite satisfactory and proves that at low 
ionic strength, both clay suspensions are purely repulsive even if values of the effective charge vary 
from a factor 5 between beidellite (-0.11 C/m²) and Arizona montmorillonite (-0.02 C/m²). 
However, the behaviour of ionic specificity is rather limited between Na+ and Li+ forms and its 
influence on the shifting of the whole transition lines (sol-gel and Isotropic/Nematic) remains 
incompletely understood.  

In terms of treatment, the present strategy to interpret those data is to fully analyze the electrostatic 
interactions of such suspensions on their Na+ form in order to compare the influence of size, shape 
and ionic strength between clays suspensions which display phases transitions (nontronites, 
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beidellite [4]) and those which only have a sol/gel transition (montmorillonites). A manuscript 
including these results is in preparation and will be submitted shortly. 

 

Figure 1: Evolution of (A) the interparticle distances with volume fraction and (B) the reduced osmotic 
pressure as a function of the interparticle distances for size 3 of beidellite and Arizona montmorillonite. 

Closed symbols: Na+ form; Open symbols: Li+ form 
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Soil aggregation is considered to be an important process in carbon stabilization and suggested as a potential 
strategy for atmospheric CO2 sequestration [1]. Soil aggregates are millimetre to centimetre scale entities in 
which physical, chemical and biological processes control carbon turnover and ecosystem functioning in 
general. Transformation and stabilization of organic carbon is especially effective in small (millimetre scale) 
naturally formed soil aggregates, however, the process of C-sequestration relies on complex mechanism. 
Besides the preservation of soil organic matter (SOM) due to chemical recalcitrance, stabilisation by 
interactions of SOM with mineral surfaces and metal ions (formation of SOM-mineral complexes) and by 
spatial/physical inaccessibility of enzymes and microorganisms to the storage sites are major controlling 
factors [2]. Soils with a high biological activity are assumed to enhance the formation of SOM-mineral 
complexes through a continuous production of reactive organic compounds. Moreover these compounds also 
stabilize soil structure and therefore support the physical protection (inoculation) of SOM within strong 
aggregates. On the other hand microbial processes are dependent on the physical infrastructure of the pore 
space at the microbial habitat scale. Availability, retention and movement of oxygen and water through intra-
aggregate pore networks are key determinants for microbial processes and consequently also for SOM 
mineralisation. The involved processes are mutually interacting making detailed quantitative knowledge 
especially of the physical and biological functions within natural soil structures necessary to better 
understand C-dynamics of different soils. Another complicating factor is that the geometry of soil pore 
spaces is often highly dynamic, particularly if clay minerals are present. This pore space dynamics is 
associated with repeated wetting and drying cycles which results in shrinking and swelling and continuously 
modify the pore space. 
 Synchrotron-based X-ray microtomography (SR-μCT) allows the investigation of pore space architectures 
and their dynamics non-invasively. Reconstruction of the pore networks derived from such data could, in 
conjunction with image analysis and modelling approaches, help to link physical and biological soil 
functions. This can be achieved indirectly based on a morphometric approach where the morphology and 
topology of the pore space is correlated with some externally measured biological process (e.g. microbial 
respiration rate). A method for the extraction of pore network statistics based on 3D morphological image 
analysis was demonstrated in a previous study [3]. A more direct approach could be the simulation of 
organic matter decomposition placed in a digital soil pore network as recently shown by [4]. Using high 
resolution SR-μCT data such studies offer a great potential to investigate the influence of intra-aggregate 
pore networks (soil structure) on SOM decomposition.  
The objective of this study was to investigate soil aggregate pore space architectures from different soil 
types and horizons and their associated structural dynamics/stability as a function of wetting and drying 
cycles. We collected a number of soil aggregates (5-10 mm diameter) from Calcaric Fluvisols and a 
Calcaric Gleysol sampled in the marshland area of Schleswig-Holstein/Germany. Soil aggregates were 
sampled from three soil profiles (four replicates for each horizon) from the topsoil layer (Ap=plowed topsoil, 
GoAh) and subsoil layer (Go). We distinguished between two textural variants, a silty and a clay rich 
textured profile. The samples have been scanned in air dry condition in the first phase of the project at 
beamline W2 (HARWI II) at a photon energy of 35 keV with a voxel edge length of ~4.5 μm. After 
scanning we subjected the samples to a number of wetting an drying cycles (w/d cycles). Wetting was 
achieved by capillary saturation for 24h and subsequent drying in an oven at 40 °C. After 7 w/d cycles 
samples were scanned again in the second beamtime period in air dry condition in order to assess local 
changes in soil structure. Image processing of the second series is still under progress. Results of the first 
scan revealed a high variability of internal pore networks between the different soil types and horizons (Fig. 
1). Fluvisols are very bioactive soils and known to be associated with very well developed biopore networks 
on the macroscopic scale. Figure 1 reveals that this is also the case for very small soil aggregates. The clayey 
subsoil horizons (Go) show the most prominent biopore networks with numerous circular to lenticular and 
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continuous pores. In the silty subsoil of the Calcaric Fluvisol overall only a few biopores are observed. The 
biopores are mainly related to root activity but also a number of shrinkage cracks have developed (Fig. 1b, q, 
r, s, t, u, and w). In general the Ap-horizons show only a poorly developed biopore system which is related to 
repeated tillage operations where the pore system is continuously destroyed by homogenization. In places 
particulate organic matter (POM), partly decomposed, was observed within larger pores (Fig. 1c, p, q, s, and 
u). In other places roots seem to have chemically modified the adjacent soil (rhizosphere) by water 
extraction and root exudation. This is indicated by concentric zones with different greyscale values in the 
vicinity of larger biopores associated with old root channels (Fig. 1d, g, n, and w). The light grey colors are 
assumed to be related to calcareous precipitates due to drying associated with root water uptake (e.g. Fig. 
1n). In some instanced soil organic matter is mingled into the soil matrix where probably clay-humus-
complexes were formed (Fig. 1p). The result from the second beamtime period will give us some insight into 
the dynamics of the different pore systems with wetting and drying.  
 

 
 

Figure 1: Reconstructed 3D image of a soil aggregate from the topsoil and subsoil layers of a clayey and 
silty Calcaric Fluvisol and a clayey Calcaric Gleysol. The numbers 1-4 indicate replicate samples. 
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Clusters serve as ideal candidates to study the evolution of size-dependent physical and chemical 
properties, as one can change their size atom by atom. In particular, the relation between electronic 
and geometric structure is of central interest. Despite enormous progress of analytical tools in many 
cases the detailed geometric and electronic structure and dynamics of finite systems are still widely 
unknown. Core-level photoelectron spectroscopy may contribute to this issue on the level of 
individual atoms. It has been shown in our recent experiments at FLASH, that electronic screening 
in small core-excited, but neutral clusters can provide a sensitive probe of electronic properties, i.e. 
the changing bonding character in small lead clusters in this case, Fig. 1 [1]. 

 

 

 

 

 

The complex relaxation dynamics of core-hole ionized neutral (anionic initial state) and charged 
finite-state systems is a novel issue in the field of nanoparticle physics tackling central issues of the 
field of many-particle physics. Especially, in case of a neutral final state, the electrostatic 
interaction of the departing photoelectron and the cluster is in first approximation determined by the 
image charge potential and thus the polarization. All possible relaxation channels will show up in 
the electron spectrum (Fig. 2).  

 
Fig. 2: Beside direct photoionization (or photodetachment respectively) all possible relaxation pathways show up as 

characteristic signatures in the photoelectron spectrum. Whereas Auger electrons feature element-specific kinetic 

energies, shake-up and shake-off electrons suffer energy loss and shake-down electrons gain energy from the electronic 

level system leading to satellite peaks in the photoelectron spectrum. 

Core-level photoelectron spectroscopy at FLASH with a photon energy of 92 eV has been 
performed on gold clusters (Fig. 3). Our electron spectrometer, the magnetic bottle, is sensitive 
enough to detect the He photoionization signals at 24.6 eV and 65 eV from the ultra-low partial 

Fig. 1: A new interaction scheme revealed 

during the our first beamtime at FLASH:  

A not fully screened core hole attracts electron 

density and thus reduces the polarizability of the 

transiently neutral cluster. As a consequence, 

the interaction with the photoelectron and the 

measured binding energy decreases due to the 

reduced electrostatic interaction energy. [1] 
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pressure of 2·10
-10

 mbar stemming from the cluster source. Moreover, distinct 5d valence band 
signal in the range of 6 – 11 eV binding energy is remarkable. However, photoionization of the 
5p1/2 and 4f7/2 core levels at 78 eV and 88 eV, respectively, is merely discernible. Instead, the 
spectra are dominated by widely spread intensity, which we mainly attribute to Auger electron 
emission involving the 5d valence band. By now, it is not possible to assign any characteristic 
Auger line, and there are no spectroscopic data for the low energy Auger transitions available in the 
literature, neither for the atom nor for the bulk. Nevertheless, it should be pointed out, that the 
overall spectral shape changes in a characteristic way in dependence on the cluster size. The signal 
at low kinetic energies, appearing at high binding energies in the spectrum, remarkably increases 
with N, see Fig. 2, right panel. Essentially the same effect, i.e. the importance of secondary 
processes at higher photon energies, has been observed in the experiments with lead clusters at high 
photon energies as well. 

 

These results show, that remarkable correlation effects in photoemission from metal clusters can be 
revealed by means of core-level spectroscopy. The investigation of these correlated processes may 
be regarded as a precondition for the understanding of further cluster-size dependent features in the 
photoelectron spectrum, as, e.g., the influence of the atomic coordination and the geometric 
structure.  

We gratefully acknowledge experimental support by the whole FLASH team. This work has been 
supported by the BMBF under the project number 05KS7HR2 and the Collaborative Research 
Center SFB 652 at the University of Rostock. 
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The development of high power, infra-red (IR) femtosecond lasers has uncovered a rich vein of
non-perturbative phenomena in the bound-free and free-free transitions of atoms interacting with
coherent light. It is atstrong-fieldintensities at and above 1014W/cm2 that such behavior pro-
duces above threshold ionization (ATI), high-harmonic generation (HHG), and attosecond pulse
generation [1, 2, 3]. The combination of extreme ultraviolet (XUV) and IR photons represents a
particularly powerful method for the study of continuum transitions since the bound-free step can
be made insensitive to atomic resonances by appropriate photon energy tuning or selection. We
have studied the response of atomic neon exposed simultaneously to intense monochromatic XUV
radiation from the free electron laser in Hamburg (FLASH) and a synchronized IR laser. Already
at modest intensities the main photoelectron line is strikingly modulated by the IR dressing field,
producing strong sideband features in the electron energy spectrum. As a precursor to more elab-
orate quantum mechanical calculations a classical model was considered, which reproduces the
characteristics of the two-color signal at high intensities in a satisfactory manner.

The experiments were performed at beamline BL2 of FLASH, using a synchronized IR laser system
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Figure 1: (left) Single-shot spectra of 2p photomemission in neon (~ωXUV = 46 eV) at the maxi-
mum temporal overlap. The spectra are arranged in terms of increasing laser electric field strength,
up to a maximumIIR ∼ 5×1013 W/cm2. (right, dots) Two-color electron spectrum at the increased
IR field strength of 8×1014 W/cm2, (line) corresponding results from a classical analysis ofthe
kinetic energy spectra.

-673-



[4]. The lasers were introduced into the experimental chamber in a collinear geometry where they
intersected an effusive gas jet. The resulting photoelectrons were detected with a magnetic bottle
electron spectrometer (MBES), which allows single-shot acquisition. The FEL was operated in
single-bunch mode at 5 Hz repetition rate and wavelength of 26.9 nm (46 eV) with a mean pulse
energy of about 20µJ. The IR laser system consisted of a low repetition rate (10 Hz), high power
Ti:sapphire setup (800 nm, 120 fs, 2 mJ) producing a maximum peak intensity of 3×1015 W/cm2

when focused. Both FEL and IR lasers have linear polarization parallel with the MBES axis.

In figure 1 (left) a series of single-shot electron energy spectra for Ne are shown. The spectra
show one central line corresponding to the direct 2p −→ ǫl photoline, accompanied by a nearly
symmetric spread of high and low energy sidebands, which result from the stimulated absorption
and emission ofn laser photons [5]. The growth of the sidebands is matched by acorresponding
decrease in the main photoline; i.e., the total electron yield remains constant, as the IR field does
not contribute to the primary ionization process. By increasing the laser electric field strength the
two-color energy spectrum extends to over 150 eV, see figure 1(right). The high-intensity data
can be interpreted in terms of a classical calculation, relying on the so-called Simpleman’s model
[6]. This model estimates the final kinetic energyU of an electron introduced into an IR field
EIR = E0(t)cos(ωIRt + φ0) with initial kinetic energyUa = ~ωXUV - IPNe. The photoelectrons
will have final kinetic energies of

U = Ua − sin(φb) cos(θb)
√

8UaUp + 2Up sin2(φb) (1)

whereφb is the phase of the IR-field at the instant of ionization andθb is the angle between the light
polarization and the initial velocity of the electron at birth. Up is the instantaneous pondoromotive
energy at the moment of birth tb.

Up =
e2E2

0
(tb)

4meω
2

IR

(2)

In this simplified approach, atoms are ionized statistically by the XUV pulse and electrons are
“born” into the IR field with an initial angular momentum distribution according to photoemission
from the Ne 2p level at 46 eV photon energy (β2 = 0.95) [7]. After the ionization process the
ion potential is neglected and the photoelectron is propagated classically in the IR-field, i.e., the
initial photoelectron momentum is shifted by the vector potential of the IR field at the time of birth.
The final photoelectron spectrum is obtained from an ensemble average over a large number of
statistically sampled trajectories, including focus averaging for equally sized XUV and IR beams
and a timing jitter between the XUV- and IR-pulses [8]. In figure 1 the experimental photoelectron
spectrum is compared to the result of the classical model. While the classical approach cannot
explain discrete sidebands, the overall kinetic energy distribution of the spectrum is reasonably
well described. This underlines that, on average, the action of the highly non-linear dressing field
can be well described with the simplified classical picture.
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Photodissociation of molecular ions through VUV excited electronic states is of high importance
in both laboratory and naturally occuring plasmas as well as in several applications. Moreover,
even for the simplest systems, it is a theoretical challenge to describe the photodissociation through
the manifolds of coupled excited states that arise from the excitation of outer and inner molecular
valence electrons. With the ion beam infrastructure TIFF (Trapped Ion Fragmentation at FLASH)
around the PG2 beam line of FLASH, we have investigated the photodissociation through excited
states of the simplest heteronuclear molecular ion HeH � initiated by absorption at 32 nm. HeH �
occurs as a molecular coolant in models of the early universe [1], and is assumed to exist in several
astrophysical plasmas near strong VUV sources like, e.g. planetary nebulae [2]. Moreover, HeH �
is isoelectronic with � HeT � which is formed in beta decay of T � ; its excited states are responsible
for the molecular contribution to the electron energy spectrum relevant for mass measurements of
the electron neutrino [3].
In a previous measurement at FLASH fragment momentum imaging was performed on neutral
He fragments from the dissociation channel He(1snl) + H � [4]. A dominance of dissociation
through electronic states of � -symmetry was demonstrated with total photoabsorption cross section
of 1.4 � 0.7 cm � . Two theoretical papers [5, 6] have recently confirmed both the major dissociation
routes via � -states as well as the absolute cross section within the experimental accuracy and, more-
over, contributed further insight into the dissociation of HeH � and, in general, the role of coupled
state manifolds in this process.. For instance, addressing directly the non-adiabatic dissociation
dynamics, Sogoda et al. predicted a strong connection bewteen the importance of non-adiabatic
interactions and the ratio of dissociation leading to either He(1snl) + H � or He � + H(nl).
In our resent studies at FLASH, using the setup shown in Fig. 1, we have addressed the photodis-
sociation of HeH � leading to both He(1snl)+H � and He � +H(nl) and studied the dissociation of
vibrationally cooled ions. In the experiment, ions were extracted from a newly added duoplasma-
tron ion source, accelerated to 4.2 keV kinetic energy, and mass analyzed in a magnetic field to
form a collimated beam of HeH � . Short ion pulses ( 1 � s) were generated either directly from the
ion beam or after a period (50-150 ms) of trapping in an electrostatic trap [7], and finally guided
through the interaction zone (see Fig. 1). Imaging detection of dissociation fragments He and H � ,
as well as H was performed with two detectors, DET 1 and DET 2 [7]. FLASH delivered trains

Figure 1: Illustration of the ion trapping
and pulsing, the crossed beams interaction
zone, and the fragment momentum detec-
tion at the TIFF experiment at the PG2
beam line at FLASH as used in studies
of photodissociation of HeH � at 32 nm
in 2009. The insert shows ion bunches
of cooled and direct ions generated in a
pulse train that matches the time structure
of FLASH.
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of 30 pulses of 7-15 � J separated by 5 � s at a 5 Hz repetion rate of which 24 pulses were used in
the experiment. A specific experimental timing scheme was developed to make optimal use of the
available FLASH pulses: Thus, 4 pulses were crossed by cooled ions, 18 by directly transferred
ions and 2 were used for background measurements for each FLASH train. Representative momen-
tum images of H and H � fragments obtained with DET 1 for cooled and direct ions are displayed
in Fig. 2 and the experimental ability to quantitatively distinguish the two dissociation channels
He(1snl) + H � and He � + H(nl) is illustrated.

Figure 2: Momentum imaging of H and H � fragments
following photodissociation of HeH � at 32 nm ob-
tained with DET 1. The measured coordinates � �

	�

�

and 1-1/


� are directly proportional to the longitudi-

nal and transverse fragment momentum release [7],
respectively. Momentum spectra are shown (a,b) for
ions sent directly from the ion source to the interaction
zone, and (c,d) for ions cooled 50 ms in the trap before
the irradiation by FLASH. The experimental separa-
tion of the two channels He(1snl)+H � and He � +H(nl)
is illustrated by (b,d) showing the fragment momen-
tum spectra taken with a bias potential [7] in the inter-
action region of +300 V.
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X ray absorption cross section measured on a monatomic metal vapor measures the intensity of 
photon interaction with free atoms, without the obscuring effects of molecular or solid-state 
structure, and provides a direct test of theoretical models and quantum-mechanical calculations of 
the atomic system.  

X-ray absorption of cadmium vapor in the energy region of L edges was measured at HASYLAB 
stations E4 and A1. The preliminary test at the first station showed that the experiment is extremely 
demanding in view of the low energy (3500 – 4200 eV) of the Cd L region. The definite data were 
obtained at the A1 beamline with a better luminosity at the lowest energies, using the two-crystal Si 
111 monochromator with the resolution of ~0.7 eV. As in earlier low energy atomic absorption 
experiments on potassium K edge and cesium L edges [1, 2], the vapor was contained in a 10 cm 
long stainless steel absorption cell with 50 μm beryllium windows (Fig.1a), heated to 800 oC in a 
tubular oven with a protecting He atmosphere. The intensity of the beam was measured with three 
ionization detectors, filled with 180 mbar, 1000 mbar and 1000 mbar of nitrogen. Owing to the high 
quality of the A1-station beam, the absorption in the entire energy region has been determined with 
a uniform accuracy, as shown in the panoramic view of Fig. 1b.  

The result – cadmium atomic x-ray absorption – is a fundamental atomic property, a test case for 
theoretical models. For the purpose, the energy scale of the monochromator was carefully 
calibrated with the L2 and L1 edge of Ag (3524 eV and 3806 eV, respectively). In addition, the 
absorption of metallic Cd was measured in the same energy interval. The edge shifts between the 
metallic and atomic Cd provide a sensitive test for solid-state models. 
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Figure 1: a) Absorption cell. b) Cadmium vapor absorption in the region of the L edges, together with the 
absorption of metallic Cd. The scan silver metal foil for exact energy calibration is also shown.  
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The comparison of the edge profiles and the subsequent smooth regions of the absorption spectrum 
shows an essential difference in the intensity of the “white line”, the leading resonance in the 
[2s]np or [2p]nd Rydberg series. In a further analysis small sharp features can be isolated out of the 
noise in the smooth region within ~ 100 eV above the edges. These are the fingerprints of 
coexcitation of electrons from the valence and subvalence shells in the main photoabsorption 
process. 

The vapor absorption also represents the exact “atomic absorption background” for the EXAFS 
analysis at cadmium L3 edge, to improve on the spline approximation of standard EXAFS analysis 
software in the critical cases of strongly disordered samples with very low structural signal. 
Although for Cd itself, K shell EXAFS is preferably measured if the beamline energy range allows, 
the measurement on Cd may be helpful in construction of model backgrounds for the adjacent 
region of elements, providing one of the lowest-Z atomic absorption spectra in the L-shell region, 
accessible with the present x-ray absorption technique. 
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Figure 2: The comparison of the L edge regions, with the strikingly different white lines. The small edge at 

3524 eV is Ag L2 edge from a slight contamination of the Be windows with silver solder. 
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Protonated water clusters, H
�

(H � O) � , form crucial building blocks of chemical structures and pro-
cesses in aqueous environments. Their properties are of major importance in fields ranging from
chemistry and biology to atmospheric and cold plasma physics [1, 2]. In particular the smallest
( � = 2 ... 4) clusters have received much attention as fundamental structural units of hydrated sys-
tems. The response of these building blocks to the absorption of ionizing radiation is of great
interest for bringing forward the understanding of radiation-induced processes in macroscopic,
water-based systems.
The TIFF experimental setup (Trapped Ion Fragmentation at FLASH), installed at the PG2 photon
beam line, provides an ion beam infrastructure and detection system [3, 4] that in combination with
the intense VUV laser pulses from FLASH allows detailed studies of the photo-reactivity of isolated
molecular ions (see Fig. 1). The TIFF system has previously been used to study small molecular
systems as HeH

�
[3] and H � O

�
[4]. Here we report on a recent experiment on the photolysis of

the more complex protonated water dimer, H
�

(H � O) � using 92 eV photons.
Such gas-phase experiments are essential, allowing for the investigation of individual, mass selected
clusters without the environmental interactions present in the liquid phase. Moreover, the prepa-
ration of the target ions in a fast beam allows for an efficient detection of products emerging from
photofragmentation, in particular also of neutral species. Combined with a point-like ion-photon
interaction region and imaging detectors, this technique can yield rather complete information on
the photofragments, including their mass-to-charge ratio, kinetic energy, and angular distribution.
In addition, an identification of the valence orbitals involved in the primary photoionization can
be obtained by including an experimental characterization of the emitted electrons in the TIFF
detection system.

Figure 1: Schematic overview of the main
section of the TIFF experiment as real-
ized around the PG2 photon beam line at
FLASH during experiments in 2009.

Ions were produced in a plasma discharge ion source, accelerated to � 4 keV energy, and mass
selected in a magnetic field to form a beam of � 100 nA of H

�
(H � O) � . At the trapping and pulsing
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station, short ( � 1 	 s) ion pulses were generated either directly from the DC ion beam or after
a period of storage in an electrostatic ion beam trap. The ion pulses were guided alternatingly
to either of two crossed photon-ion interaction regions, one equipped with electron and fragment
detectors, the other with a magnetic bottle electron spectrometer. Two fragment detectors were used
after the first interaction region. The first one (DET 1) is located close to the interaction region and
used for detection of small fragments with large transverse velocities. Through a central hole in
DET 1 large fragments and undissociated ions pass on towards the second detector (DET 2) which
is dedicated to the detection of heavy neutral fragments.
The concept of running two experiments simultaneously, making efficient use of the FLASH beam
time by sharing both the photons from FLASH and the ion pulses from TIFF, was successfully
demonstrated.
Figure 2 shows the time of flight spectra of products emerging from the FLASH fragmentation of
H

�
(H � O) � at 92 eV with the interaction region biased by +700 V. This allows the identification of

the peak around 800 ns on DET 1 as H
�

, and the one at 1700 ns as H 
 O
�

with � = 0 ... 3. On the
DET 2 only neutral fragments are visible due to the ion deflector between the two detectors. The
fact that the neutral rate on DET 1 (time of flight 1960 ns) is much lower than that on DET 2 shows
that the neutral fragments acquired only small transversal velocities, which allows their tentative
assignment as heavy (H 
 O) fragments.
The coincident spectra (colored curves) show a clear correlation between protons and neutral frag-
ments, while only a very weak signal is observed for coincidences between neutral and heavy
charged fragments, as well as between protons and heavy charged fragments (not shown). This
shows that at least two different fragmentation channels contribute to the observed signal. Consid-
ering also the high photon energy, which suggests the production of at least two charged fragments,
the two channels are likely to be (a) H

�
+ H � O

�
+ H � O, with the charged water fragment in gen-

eral missing the first detector due to its low transversal energy, and (b) H � O
�

+ H � O
�

, producing
a strong H 
 O

�
signal but no coincidences with other products. For this channel, the available ki-

netic energy is increased by the proton affinity of H � O ( � 7 eV), making it more likely for a heavy
charged fragment to be seen by DET 1. The impact positions of the observed fragments, containing
information on kinetic energies and emission angles, as well as the data collected by the electron
detectors are currently being analyzed.
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The interaction of two photons with two or three electrons in atoms and molecules constitutes one 
of the most fundamental non-linear reactions occurring when intense VUV radiation meets matter. 
Experimental studies of such interactions are not only of practical relevance for research at FELs in 
general but they are of great importance to enhance our understanding of few-electron quantum 
dynamics. Triggered last but not least by the here presented experimental program, the theoretical 
interest has grown rapidly during the last few years on the most simple and therefore basic 
situations, two-photon double ionization (TPDI) of He and H2 (see [1, 2] and references therein). In 
spite of these efforts, however, TPDI remained a subject of controversial discussions. Depending 
on the photon energy, two different ionization pathways may contribute. (i)In direct TPDI the 
atom/molecule undergoes an instantaneous or direct transition from the ground to the doubly 
ionized state due to the absorption of two photons. (ii)The subsequent or stepwise photoemission of 
the two electrons via real intermediate ionic states is termed sequential TPDI. 

Particularly intriguing is TPDI of He at photon energies close to 54.4 eV, the threshold energy 
below which the direct pathway is possible whereas sequential ionization is energetically 
forbidden. Recently, theory predicted that kinematical features characteristic for sequential 
ionization are visible even below the threshold [3] and that a measurement differential in the recoil 
momentum of the created He2+ will be able to benchmark those calculations. The ion momentum is 
equivalent to the electron sum momentum and therefore a sensitive probe of the two electron 
emission dynamics. Using our FLASH ‘Reaction Microscope’ (many-particle imaging 
spectrometer [4]) such measurements are possible. For published differential data on TPDI of Ne 
and He at 38 eV and 44 eV, respectively, see [5]. Here we present results on two-photon double 
ionization of He (at 52 eV) and D2 (at 38 eV) obtained during our last FLASH beam-time. In both 
runs the estimated FEL intensity was ~ 1014 W/cm2.  

In Fig. 1 the momentum distribution of recoiling He2+ ions measured at 52 eV is shown in 
comparison with theory [6]. The elongation of the pattern along the polarization (z) axis is a 
signature of sequential ionization where the emitted electrons exhibit unequal energy sharing with 
dipolar angular distributions. A significant change of the TPDI dynamics is observed when the 
photon energy is lowered and the electrons are preferentially emitted back to back with equal 
energies [5]. Despite the low statistics, these data serve as a first test of theory. 

Whenever the sequential ionization becomes possible (hν > 2nd ionization potential) the question 
arises about the relative importance of the direct and sequential pathway, in particular if intense 
EUV radiation interacts with molecules. In a recent experiment at FLASH in a collaborative effort 
with theory we were able to disentangle both channels, sequential and direct TPDI, for Coulomb 
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explosion of D2 at 38 eV by inspecting the coincident D+ fragment kinetic energies [7]. The 
resulting kinetic energy release (KER) spectrum (Fig. 2) reveals two maxima where the high 
energetic part at 18 eV corresponds to a Franck-Condon transition from the molecular ground-state 
to the repulsive 1/R Coulomb state (R: inter nuclear distance). Direct TPDI will lead to such high 
KER, but in addition sequential ionization with a very short time gap (much less than the Coulomb 
explosion time) between both transitions may also contribute. The low KER region, however, is 
accessible via sequential ionization only, enabling a quantitative separation of both pathways with 
the help of theory. Advanced many-particle quantum calculations [7] deliver absolute cross 
sections for the sequential part along with relative KER distributions for direct TPDI such that, in 
comparison with experiment, we can not only disentangle both pathways but also first conclusions 
on the relative importance of both processes can be obtained. 

 

Figure 1: Measured (left) and calculated (right from [6]) 2D momentum distributions of He2+ ions for TPDI 
at 52 eV (Polarization along z-axis). The green circles mark the maximum possible momenta (ejection of 

two electrons with equal energies into same direction).  

 

 

 

 

 

 

 

Figure 2: Kinetic energy release spectrum for TDPI of D2 at 38 eV. Lines: theoretical results for sequential 
and direct TPDI (see [7]).  
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Two projects were pursued combining three forefront technologies: a magneto-optical trap (MOT) 
for lithium generating an ultra-cold and, by means of optical pumping, a state-prepared target; a 
reaction microscope (ReMi), enabling the momentum resolved detection of all reaction fragments 
with high-resolution and the free-electron laser in Hamburg (FLASH), providing an unprecedented 
brilliant photon beam. 

The first study aims at a better understanding of fundamental many-electron reactions and at 
developing possible schemes to control their dynamics [1]. Especially intriguing and of 
fundamental interest is the complete break-up of simple atoms at threshold. Here, the total kinetic 
energy available in the final state approaches zero resulting in a subtle balance and, ultimately, in 
complete correlation between all particles involved dispensing with any attempt at an independent 
particle or self-consistent field approximation.  

We have investigated the photo double ionization (PDI) and the simultaneous ionization-excitation 
for lithium prepared in different initial states Li(1s2 2l) (l = s, p). The excess energy of the linearly 

polarized VUV-light was between 4 and 12 eV above 
the DPI-threshold (85 eV and 91 eV photons) for ejection 
of the valence and one K-shell electron. Close to threshold 
the total as well as differential DPI cross sections were 
observed to critically depend on the excitation level 
and the symmetry of the initial state. As an example in 
Fig. 1 Li2+(1s) momentum distributions are shown. 
Since the absorbed photon momentum can be neglected 
the ion balances the sum momentum of the ejected 
electrons. For PDI from the initial Li(2s 2Se) 
groundstate a minimum for small ion momentum is 
observed (a). This is due to the odd parity of the two-
electron continuum state suppressing their back-to-
back emission with equal energies which is the 
preferred configuration close to threshold (the 
Wannier-configuration). Accordingly, the initial Li(2p 
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Figure 1: Two-dimensional recoil-ion 
momentum distributions for PDI by 85 
eV FEL light of a) Li(2s 2S) and b) 
laser exited Li(2p 2P). The VUV- and 
in (b) also the optical pumping laser 
polarization are aligned parallel along 
the marked axis. Right: projections of 
the data onto the z-axis.  

P

o) state with reversed parity results in a maximum at 
zero ion momentum since here the Wannier-
configuration is allowed (b). Interestingly, for the 
initial excited state the PDI dynamics strongly depends 
on the alignment of the 2p-orbital with respect to the 
VUV-light polarization and, thus, from the population 
of the magnetic substates (m = 0, ±1) [1]. The 
alignment sensitivity decreases for increasing excess 
energy and is completely absent for ionization-
excitation. Our experimental observations can be 
consistently understood in terms of the long range 
electron correlation among the continuum electrons 
which gives rise to their preferential back-to-back 

p    
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emission. This alignment effect, which was observed here for the first time, allows controlling the 
PDI dynamics through a purely geometrical modification of the target initial state without changing 
its internal energy. Time-dependent close-coupling calculations are able to reproduce the 
experimental total cross sections with deviations which are below 15 % in most cases. In the next 
step we will exploit the ultra-high intensities available at FLASH for studies of VUV non-linear few-
electron quantum dynamics, e.g. two- and three-photon absorption leading to double- and triple-
ionization of lithium.  

In a second project we aim at exploring the dynamics of an ultracold neutral plasma by 
photoionizing a cloud of laser-cooled lithium-atoms near the ionization threshold such that the 
emitted electrons are slow and trapped by the positive space charge. Fundamental interest in such 
systems stems from the possibility of creating strongly coupled plasmas where the Coulomb 
interaction energy EC between the charged particles exceeds the thermal energy ET (Coulomb 
coupling parameter G = EC/ET >1). Equilibrium in these systems may involve the establishment of 
spatial correlations between the particles and theoretically so called Coulomb crystallization has 
been predicted but not observed experimentally so far [2]. 

In the first step using intense FLASH radiation a cloud of 107 cold Li atoms is inner-shell ionized at 
threshold: Li(1s2 2s 2S) + γ(64.5 eV) → Li+(1s2s 3S) + e-(E ≈ 0 eV). Thus, a plasma of metastable 
lithium ions (decay-time τ = 40 s) is generated in the first step. Since each ion carries 59 eV 
excitation energy the stored “inner” energy of the ion cloud can easily exceed 5 GeV. This system 
constitutes a new plasma regime which can be considered as a threefold inverted plasma since 
initially its internal excitation energy exceeds the mutual ion’s Coulomb energy which in turn is 
larger than the plasma’s thermal energy while in conventional plasmas this order is reversed. At 
present the time evolution dynamics of such a system is completely unknown. Therefore one has to 
determine the lifetime of the neutral plasma which might be limited if the internal energy is 
efficiently converted into kinetic energy, e.g. via superelastic collisions with the surrounding slow 

electrons. Then, shortly after production of the plasma a 
burst of fast electrons would escape the plasma until its 
positive potential exceeds the electron energy resulting in 
strong plasma heating.  
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Figure 2: Photoelectron 
spectrum deduced from the 
recorded recoil ion momentum 
after K-shell ionisation of Li at 
threshold (Eγ ≈ 65 eV).  

The first test experiments at FLASH at a photon energy of 65 
eV provided photoelectron spectra as shown in Fig. 2. 
Besides 2s-ionization resulting in the peak around 60 eV a 
strong line at 0.6 eV originating from 1s-ionization is visible. 
Due to low target density and relatively low FLASH pulse 
energy of 10-20 μJ only about 200 ion-electron pairs were 
produced in one shot. Therefore, no significant plasma 
effects such as space charge induced line shifts or new lines 
due to super-elastic collisions were observed. In future the 
improved FLASH parameters as pulse energies beyond 100 
μJ, a high number of micro-bunches in order to accumulate 
plasma density in combination with a factor of 10 higher 
target density will provide at least 105 electron-ion pairs in 
the trap giving rise to strong plasma phenomena. In order to 
build up the plasma in as short time as possible the minimum 
nominal micro-bunch separation of 200 ns would be highly 
desirable.  
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Interference effect between the direct and indirect
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The interference between the direct photoionization and the resonantly excited participator Auger
decay has been investigated only in the last few years [1, 2, 3].
In the present work the effect of channel interaction between the direct and indirect photoionization
was investigated with the method of angle resolved photoelectron spectroscopy. The angular distri-
bution of 4p photoelectrons of krypton was measured with linearly polarized synchrotron radiation
in the photon energy range (89.85 − 94.4 eV) of the (3d)−1 → np resonant excitations in order to
determine the dipole (β) and non-dipole (δ and γ) angular anisotropy parameters.
The experiment was performed at the beam line BW3 of the third generation DORIS III storage ring
at HASYLAB, Hamburg, Germany [4, 5]. The photon beam is monochromatized with a SX-700
grating monochromator. The linear polarization of the photon beam was monitored by recording
the angular distribution of the Ne 2s photoelectrons at 250 eV photon energy where the non-dipole
contribution is negligible [6]. The radiation was found to be completely linearly polarized: 100 %
within 2 % uncertainty.
The emitted electrons were analyzed using the ESA-22D electrostatic electron spectrometer. The
spectrometer consists of a spherical and a cylindrical mirror analyzer. The spherical mirror focuses
the electrons from the scattering plane to the entrance slit of the cylindrical analyzer which then
performs the energy analysis of the electrons. A detailed description of an ESA-22 type analyzer
is presented in Ref. [7]. A spherical deceleration lens is placed around the source region to im-
prove the energy resolution of the system. The photoelectrons were detected by 22 channeltrons in
coplanar geometry, i.e., in the polarization plane at φ = 0◦ azimuthal angle and at 22 polar angles
between 0◦ and 360◦ (except 90◦ and 180◦) relative to the polarization vector. The angular window
of each channeltron was ±1.7◦ in vertical and ±5◦ in horizontal directions.
The relative ef�ciencies of the detectors were determined by measuring the angular distribution of
Ne 2s photoelectrons ionized by 131.8 eV photons. At this photon energy the theoretical estima-
tions for the dipole and non-dipole anisotropy parameters are β = 1.9996 and γ = −0.0019 in the
frame of relativistic independent particle model [8] and γ = −0.0034 in random phase approxima-
tion [9] (the β parameter was not calculated). On the basis of these estimations, using the above
parameters, the detector ef�ciencies can be determined by �tting Eq. 1 from [8] to the measured
angular distribution of Ne 2s photoelectrons.
Fig. 1 shows the measured dipole and non-dipole anisotropy parameters of the Kr 4p photoelec-
trons. The �gures demonstrate well that the resonant excitations modify the angular distribution of
the photoelectrons in the investigated photon energy range. The peak-like structure in the dipole
parameter β has a Fano-pro�le shape, i. e. it shows a long tail in the low energy side and drops
down rapidly above the resonant energy (see Fig 1 (a)). The measured asymmetric distribution
demonstrates the breakdown of the independent particle model and the interference between the
direct ionization and resonantly excited participator Auger decay.
An important difference between the dipole β and non-dipole γ parameters is the width of the
contribution of the 3d excitations to the anisotropy parameters (see Figs. 1 (a) and (b)). The
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Figure 1: Experimental dipole β (a), non-dipole γ (b) and δ (c) anisotropy parameters for the Kr 4p photo-
electrons in the (3d)−1 → np resonant excitation photon energy range. The vertical bars with assignments
show the energy position and the name of the resonances. D and Q denote the dipole and quadrupole allowed
transitions on the middle panels.

experimental width of the (3d5/2)
−1 → 5p resonant excitation is approximately 110 meV for β

while it is 440 meV for the γ parameter. This big difference may originate from some quadrupole
allowed resonant photoexcitation. A similar effect was observed by Krässig et al. [10] for the
β−parameters of He and was predicted theoretically by Dolmatov et al. [11] for Mn. The energies
of the Kr 3d3/2,5/2 → ns/nd/ng quadrupole excitations are denoted as Q in Fig 1 (b). One can
see that only the (3d3/2)

−1 → 5s and (3d5/2)
−1 → 6s quadrupole resonances are close to the

(3d5/2)
−1 → 5p and (3d3/2)

−1 → 5p dipole excitations. However, the observed broadening cannot
be explained with these two quadrupole resonances due to the fact that the energy differences
between the dipole and quadrupole transitions are larger (≈ 320 meV, see Fig. 1 (b)) than their
natural widths. The widths of the dipole and quadrupole resonances are approximately the same
(80−90 meV, see Ref. [12, 13]). So they can produce only an extra structure in the γ spectrum in
the low energy side of the �γ−minima� as it was observed for He in Ref. [10]. The broadening
observed in the present experiment might be explained by the interactions among the different
ionization processes next to the excitation channels in the electric quadrupole matrix elements.
The authors thank the DORIS III staff for providing excellent working conditions. This work was
supported by the National Scienti�c Research Foundation and the National Of�ce for Research and
Technology of Hungary (NKTH-OTKA, Grant No. K67719), and by the European Community-
Access to Research Infrastructure Action of the Improving Human Potential Program. Financial
support by DESY is gratefully acknowledged.
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Much of our knowledge about molecular structure and reactivity is based on interpreting how 
molecules interact with light. In femtochemistry experiments, information about an evolving 
molecular structure is inferred by relying on available knowledge about the way that molecular 
absorption spectra depend on the instantaneous molecular structure. In small molecules this is 
possible, but it soon becomes problematic when the size of a molecule increases. In larger 
molecules it becomes more attractive to rely on diffraction as a means to obtain structural 
information. In a diffraction experiment structural information is encoded in interference patterns 
that result from the way that an electron or light wave scatters. One of the main driving forces 
behind the development of high-flux extreme ultraviolet (XUV) and x-ray free-electron lasers 
(FELs) is the possibility to perform x-ray diffractive imaging of small objects [1]. Alternatively, 
one may employ the diffraction of electrons that are emitted as a result of photo-ionization by the 
FEL as a probe of molecular structure. Using electrons formed in photo-ionization as a means to 
“illuminate the molecule from within” [2], time-resolved molecular dynamics can be studied in a 
manner that is radically different from the methods that have so far been used in femtochemistry 
experiments, and that connects in a much more direct way to the structural transformations that are 
occurring.  

In molecular imaging experiments of the type described above, it is a requirement that the 
measurements can be done in the molecular frame, i.e., in a coordinate system that is fixed with 
respect to the molecular axis. If not, most of the intensity variations that contain structural 
information will be averaged out. One way to achieve this is to make use of laser-induced 
alignment to manipulate the angular distribution of molecular samples in combination with the use 
of a velocity map imaging spectrometer (VMIS) [3], which allows to measure kinetic and angular 
distributions of electrons or ions with high count rates. Laser-induced alignment techniques exploit 
the interaction of the laser field with the molecular polarizability and allow the measurements to be 
done directly in the molecular frame [4]. The experiments we embark upon at FLASH aims at using 
aligned molecules and VMI detection to follow molecular dynamics, such as dissociation, by 
studying interference and diffraction of photoelectrons emitted through single-photon ionization by 
the XUV/soft x-ray FEL pulse. To that end, during our first beamtime in 2007 we performed proof-
of-principle VMI experiments [3] and in 2008 we implemented and reported on an experiment 
where a molecular sample was dynamically aligned using the FLASH in-house Ti:Sapphire IR 
laser [5]. 

In the experiment we report upon here, performed in April 2009, we proceeded towards studying 
molecules undergoing dynamics. To that end, we have set up a three-pulse experiment at FLASH, 
where an 800 nm laser pulse from the in-house femtosecond Ti:Sapphire laser was used to align 
Bromine molecules. This pulse was followed by a second, 400 nm, pump pulse to induce 
dissociation of the neutral molecule. Finally, the dissociation dynamics was probed through XUV 
ionization by 13 nm FEL pulses. Figure 1(a-c) shows 2D momentum maps of the resulting Br2+ 
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fragments in the presence of FEL only (a), with both the 400 nm and the FEL  beam (b) and when 
all three pulses are present (c). In the presence of the FEL pulse, the 2D velocity distribution is 
composed of concentric rings originating from dissociative ionization and Coulomb explosion of 
the molecule. The new contribution observed in Figure 1(b) results from the ionization by the FEL 
pulse of fragments of the dissociation initiated by the 400 nm pulse. When adding the 800 nm 
pulse, the angular distribution peaks along the laser polarization, which indicates that the molecules 
are aligned prior to dissociation and ionization. As seen in Figure 1(d), a sharp contribution 
evolving from 7 eV to 1.8 eV on a 2 ps timescale is observed in the time evolution of the kinetic 
energy release of the Br2+ fragments when the delay between the 800 nm and the 400 nm lasers is 
fixed and the delay of the FEL pulse is changed. This arises from molecules that are ionized by the 
XUV pulse at different points along the dissociation curve and therefore end up at different 
positions along the accessible Coulomb explosion channels. As a consequence, the increase of the 
inter-nuclear distance with time leads to a decrease of the fragment energies. 

The results obtained satisfy almost all the requirements that one can define for an experiment aimed 
at using molecular frame photoelectron angular distributions as a means to study time-dependent 
molecular dynamics. The availability and implementation of (i) velocity map imaging, (ii) dynamic 
alignment, (iii) the implementation of a pump-pump-probe arrangement and (iv) the availability of 
fragment ion data where the strongest contribution corresponds to the channel of interest for the 
photoelectron measurement. Hence, first attempts were made to record photoelectron angular 
distributions under these conditions, with the aim of identifying effects due to photoelectron 
interference and/or diffraction within the dissociating molecule. Unfortunately, due to the large 
time jitter between the FEL pulse and the in-house femtosecond Ti:Sapphire laser pulses combined 
with the expected short dissociation dynamics (<80 fs),  the dissociation of Br2 molecules could not 
be resolved yet. However, in future planned experiments, using a newly developed timing electro-
optical sampling system that allows to measure on a single-shot basis the timing between the 
optical laser and the FEL pulse with sub-50 fs resolution, all conditions will be there to resolve fast 
molecular rearrangement through XUV photoelectron interference and/or diffraction. 

 

Figure 1: Br2+ ions resulting from dissociation of Br2 by 13 nm light from FLASH. Panels (a), (b) and (c) 
show momentum distributions. Panel (a) shows ionization by the FEL pulse alone, in panel (b) the FEL 
pulse is preceded by a 400 nm pump pulse which induces dissociation, resulting in a sharp central ring 
representing fragments with a well defined energy gained in the dissociation. In panel (c), an IR alignment 
pulse is sent in approximately 1 ps before the other two pulses, causing an alignment of the molecules 
peaked along the laser polarization axis (vertical). In panel (d), showing the kinetic energy distribution as a 
function of delay between the 400 nm dissociation pulse and the FEL pulse, a time-dependence in the higher 
energy dissociation channel is seen due to an additional kinetic energy from Coulomb repulsion being 
imparted to the dissociating atoms when they are ionized at short inter-nuclear distances. 
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We used a novel technique to perform spatially resolved photoionization-yield measurements of gas
phase ions created in the focus of XUV-pulses produced at the FLASH facility. The advantage of
this technique termed ’ion microscopy’ is that it overcomes the limitations encountered in standard
experiments where the ion yield is usually integrated over the focal volume and recorded as a
function of the peak intensity I0 in the focus. The ion yield Ytot(I0) measured in such an experiment
is thus a convolution of the intensity dependent yield Y (I) - where I is the local peak intensity of
the pulse - with the focal intensity distribution K(I, I0):

Ytot(I0) =
∫ I0

0
Y (I)K(I, I0)dI. (1)

Due to the inherent noise in experimental data, the convolution (1) can mask important features
of the yield curve Y (I), even if the focal intensity distribution is known exactly. One example is
the expected decrease of Y (I) beyond the saturation intensity that occurs when the population of
the measured charge state is depleted via ionization to a higher charge state. Furthermore the focal
geometry (and thus the focal intensity distribution) is usually not precisely known, which makes
the interpretation of measured data even more difficult. This hinders a comprehensive analysis of
multiphoton or intense field photoionization data, as for instance those challenging results that have
recently been obtained at FLASH [1, 2].
Our new technique tackles this problem from two sides, as it allows for intensity resolved ion
yield measurements and at the same time provides a precise method for non invasive, in situ focus
diagnostics. The ability to characterize the quality of the focussing is a crucial step if a high peak
intensity is to be achieved, especially at short wavelength where the multi-layer mirror technology
is close to its limits.
The ion microscope maps the distribution of ions created in the laser focus and contained in the
object plane onto a position sensitive detector located in the image plane. The magnification is
of the order of 100 and the resolution is approximately 2 µm. Gating the detector with a 7 ns
time window enables us to mass select individual charge states. Assuming the ion distribution to be
symmetric under rotation about the beam propagation axis, the full 3D distribution can be recovered
after Abel-inverting the data.
Here we report on the application of the ion microscopy technique to the characterization of an
XUV focus obtained using a spherical multi-layer mirror of 50 cm focal length. We used FLASH
pulses of 13 nm wavelength in the single-bunch mode to generate Xenon ions with charge states up
to Xe7+. Images of the spatial ion distributions of the charge states Xe2+ to Xe7+ were recorded
at various positions z along the beam propagation axis by translating the focussing mirror along
that direction. Measured distributions of Xe2+ to Xe7+ that where recorded at the beam waist are
shown in Fig. 1 (a). We used the spatial distribution of Xe4+ ions, where saturation and depletion
effects where found to be negligible, to characterize the focal geometry. The distribution was found
to have a nearly gaussian shape. Since Xe4+ ions are produced in a two-photon process, the square
root of the Xe4+ distribution is directly proportional to the intensity distribution. In Fig. 1 (b) the
width w(z) (FWHM) of the measured Xe4+ distributions is plotted as a function of the position z.
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Figure 1: (a) Spatial distribution of the charge states Xe2+ to Xe7+ recorded at the beam waist. The beam
propagation axis is vertical. (b) Blue circles: plot of the width w(z) of the Xe4+ distribution (FWHM) as a
function of the position z along the beam propagation axis. Black line: fit of the function w0

√
1 + z2/z2

R to
the experimental data, with w0 = w(0) and the Rayleigh length zR as fit parameters.

A beam diameter of 15 µm (FWHM intensity) and a Rayleigh length zR of 1.8 mm are calculated
from this curve. Note that the measured beam diameter is 10 times larger than expected for perfect
focussing, which might result from an imperfect surface quality of the focussing mirror. This result
also explains why charge states higher than Xe7+ where not observed in the present experiment.
In conclusion we have used a novel technique to perform precise, non-invasive in-situ diagnostics of
focussed XUV-radiation at FLASH [3]. Combined with a high-quality focussing mirror, our method
potentially allows for high precision experiments that could help elucidating the open questions
recently raised in the study of Richter et al. [4] on the generation mechanisms of highly charged
states in atoms. Higher intensities in the focus would also permit pump-probe measurements on the
generation of Xe8+, where two photons are needed to overcome the ionization potential of Xe7+.
These type of experiments would allow for a complete spatiotemporal characterization of the FEL
pulses.
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New synchrotron radiation facilities with high brilliance performance as well as upcoming and already 
operating XFEL facilities are “discovery machines” for almost all nature sciences. The radiation provided by 
these machines has special characteristics laying the foundations for many experiments and most users 
would profit from a fast feedback of many beam properties.  

Beam positioning, energy determination, actual photon flux and the degree of polarization are properties of 
great impact for many investigations and data interpretations. Due to tight beamtime plans and several non-
stable parameters a very fast and reliable acquisition of these parameters is required for giving users an 
online feedback out of the beam properties during their ongoing measurements. 

These parameters of synchrotron and FEL radiation can be analysed by a highly efficient angle resolving 
photoelectron spectrometer developed for this purpose. Two spectrometers will be implemented in the P04 
beamline at PETRA III. Further interest of other beamline and diagnosis scientists is already articulated. 

           

Figure 1: CAD Image of a “mobile” device            Figure 2: Device at BW3 beamline of DORIS III 

Beside serving as an online analysis tool the device is able to measure photoelectron angular distributions 
very efficiently. In collaboration with the Fritz-Haber-Institute (Berlin) the two-centre interferences of 
homonuclear, diatomic molecules like N2 and O2 were investigated [1,2].  

A schematic as well as the actual setup of the tool using angle resolving electron time-of-flight spectrometers 
is shown in Figure 1 and 2. A photo-ionization cell was implemented which will be used for determining the 
absolute cross sections of gases as well as the absolute beamline flux I0.  

Actual development allows us to determine the beamposition with an accuracy better than 20 μm +/- 10 μm 
systematically varying the chamber position. The results obtained with the prototype seem to be promising 
for accuracy even below 10 μm with an acquisition speed in the order of seconds. 
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First photon energy determination was also performed by determining the changes in time-of-flight 
obtaining an energy resolution in the sub-meV regime. 

Relative flux measurements with the implemented diode are basis for further investigations of the absolute 
beamline flux and will also be improved with the development of a new target injection technique. 

Concerning the polarization diagnosis for linearly polarized light, extensive investigations and analysis have 
been carried out at the BW3 beamline at DORIS III and at the P09 beamline at PETRA III [3]. The 
accessibility for polarization diagnosis of energies up to 15 keV (P09) as well as the precise determination of 
angular distribution properties (BW3) are validated by our results. Further tests and discussions of an 
optimized setup for XFEL Radiation properties are in progress. 

The diagnosis of circularly polarized light will be feasible in near future when the final spectrometer setup 
works with all 16 e-tof detectors and coincident measurements can then be performed effectively. 

In summary the high efficiency of the device is the key feature to create anisotropy parameter β datasets with 
a high resolution over a wide energy range in a short periode of time. The need for accurate datasets is 
underlined by the many analyzed resonances found in the valence ionization of N2 and O2 leading to strong 
fluctuations in the angular distribution pattern. These have to be taken carefully into account for a precise 
polarization determination [Fig. 4].  

Not only diagnostic concerns are of essential interest for the data analysis, also many phenomena of direct 
scientific interest can be observed with this device. 

The recent work allowed us to create first databases essential for later diagnostics, to write an algorithm in 
Python for automatic data analysis and to determine effects in lower and higher energy ranges like molecular 
vibrational influences on the angular distribution pattern as well as real Cohen-Fano oscillations of valence 
states of N2 and O2 in an energy range from 19 - 600 eV [Fig. 3]. Further investigations on the basis of our 
actual work with the final setup are in progress. 

              

Figure 3: Real Cohen-Fano oscillation due to Figure 4: Substructual phenomena in the low energy 
two-center interference in the valence of N2 range from 19 – 50 eV in N2

References 
 

[1]   H. D. Cohen, U. Fano, Phys. Rev. 150, 30 (1966) 
[2]   D. Toffoli, P. Decleva, J. Phys. B 39, 2681 (2006) 
[3]   DESY Photon Science 2009, 86 

-692-



Time-slicing 2D Photoelectron Spectroscopy 

J. Bahn1, P. Oelßner1, M. Köther1, Th. Kampen2, A. Oelsner3, V. Senz1, and K.-H. Meiwes-Broer1 

1Institut für Physik, Universität Rostock, Universitätsplatz 3, D-18051 Rostock, Germany 

2SPECS GmbH, Voltastrasse 5, D-13355 Berlin, Germany 

3Surface Concept GmbH, Staudingerweg 7, D-55128 Mainz, Germany 

A hemispherical electron spectrometer has been tested with respect for future potential for 

photoelectron spectroscopy at mass-selected metal clusters using free-electron lasers with pulsed 

time structure. Using a timing scheme, where the cluster time-of-flight mass-spectrum is 

overlapped with the bunch train, it will be necessary to correlate the electron signal to the FEL 

pulse it originates from. The electron signal has to be detected, processed and saved to hard disk 

between subsequent FEL micro pulses at a repetition rate of 100 kHz (or even 1 MHz). The 

hemispherical analyzer is equipped with a two-dimensional delay-line detector and ultrafast signal 

electronics which is in compliance with these conditions. The objective of the experiment was to 

develop the synchronization of the delay-line signals with the synchrotron pulses using rare gas 

targets. 
 
 

Fig. 1: Krypton 3d PES, taken with the 
hemispherical electron spectrometer 
SPECS PHOIBOS 150 at DORIS BW3. 
Photon energy 142 eV, pass energy 
3.0 eV, large area mode. 

 
 
 
 
 

 

 

Fig. 1 shows as an example the Krypton 3d photoelectron spectrum as well as a number of Auger 

lines (M4,5N2,3N2,3 and M4,5N1N2,3). The time resolution of the delay-line detector allows to record 

the electron arrival time histogram (fig. 2). With increased pass energy both spin components can 

simultaneously be registered at the detector. The circumference of the electron bunch (960 ns) has 

been used as trigger. Due to 5-bunch mode operation the electron signal is repeated in the 

histogram every 192 ns. It is shown that the different kinetic energies not only undergo different 

deflections, but also show up as separated peaks in the electron arrival time histogram. Thus, the 

time-resolved 2D photoelectron spectrum shows either the Kr 3d5/2 line in time bin 29 or the 3d3/2  

component in time bin 34. In this case one time bin corresponds to 512 TDC channels with 20.6 ps 

resolution.    
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Fig. 2: Histogram of electron arrival times on the delay-line anode in the hemispherical electron spectrometer. 
Different kinetic energies of the two spin-orbit components show up as separated peaks. While triggering at the 
synchrotron circumference the 5-bunch structure is seen in the spectrum (photon energy 142 eV, pass energy 20 eV, 
large area mode). 

 

These test experiments, which have also been performed with other rare gases, show the 

correlation of the 2D photoelectron spectrum with the electron arrival times. This can be regarded 

as a precondition for photoelectron spectroscopy at free metal clusters using a hemispherical 

electron spectrometer at FLASH. In this case, it will be possible to assign the electron spectrum to 

a certain FEL micro pulse and finally to a certain cluster mass. Furthermore the results indicate the 

possibility to make use of 1 MHz repetition rate instead of 100 kHz, which has been used with the 

magnetic bottle electron spectrometer in recent experiments. It should be pointed out, that the 

results may have implications for electron spectroscopy using a new class of angle-resolving time-

of-flight spectrometers at emerging free-electron lasers as well as for high-repetition laboratory 

laser systems.   
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Using a newly developed split-mirror setup for cutting the FEL-beam into two identical time-
controlled replicas we performed, in combination with our reaction microscope (REMI) [1], first 
XUV-pump – XUV-probe experiments with small molecules in the gas-phase. We report on the 
observation of molecular dissociation in N2 and D2 as function of real time by starting a specific 
fragmentation reaction with a first (pump) FEL pulse and probing it with a second time-delayed 
pulse. The temporal evolution of the 3D fragment ion and electron momentum spectra measured 
with the REMI enable a reconstruction of the fragmentation dynamics. We thus achieved a major 
step towards our ultimate goal: the production of a “molecular movie”. 

The mirror set-up consists of a spherical multi-layer mirror (30-60 cm focal length, 1 inch 
diameter) that is cut into two identical “half-mirrors” (half-moon geometry) and operated in on-axis 
back-reflection. While one half is mounted at a fixed position, the other one is movable by means 
of a high precision piezo-stage along the beam axis (delay range ±1500 fs, resolution 1 fs). The foci 
of both mirrors are merged inside the centre (gas-jet) of the REMI via tip and tilt motions of one 
half-mirror.  

In Fig. 1 preliminary results of a pump-probe experiment with N2 are presented where the intense 
FEL pulse (38 eV, 1014 W/cm2) removes one or more electrons leaving the molecule in a highly 
excited ionic state [2]. During the course of dissociation or Coulomb explosion the molecule is 
probed by further ionization with the delayed probe pulse and the kinetic energy of created N2+ ions 
emerging from up to 6-fold ionized molecules is plotted as a function of the pump-probe delay 
time. With increasing time the fragment energy release (KER) decreases because the growing inter-
nuclear distance (R) leads to smaller and smaller Coulomb-explosion energies. We observe 
pronounced and strikingly different time dependences for different ionic states, determined by the 
coincident charged fragment detection and their KERs.  

During the last beam-time we further succeeded in performing a pump-probe experiment with D2 
where the nuclear motion of the vibrating intermediate D2

+ (vibrational period 22 fs) was followed 
in real-time between the generation (single ionization of D2) and destruction step (ionization of 
D2

+) from zero up to 100 fs [3]. Here, a molecule absorbs one photon (38 eV) in the pump pulse  
and undergoes a Franck-Condon transition from the ground state of the neutral to the bound state of 
the molecular ion after emission of an electron. As a result of the different equilibrium inter-nuclear 
distances in D2 and D2

+ a nuclear wave packet is launched (in D2
+) whose motion is then probed by 

ionization with the delayed FEL pulse leading to Coulomb explosion (D+ + D+). Whenever the 
probe pulse hits the wave packet at the outer turning point the KER is low, and vice versa. Thus, a 
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time-dependent oscillatory behavior of the fragment ion kinetic energy (KER) is observed (Fig. 2) 
in very good agreement with advanced many particle quantum calculations [3, 4].       

For the future we are convinced that the here presented experiments set the starting point for a large 
variety of time-resolved investigations. Among many others, detailed studies of dynamically 
evolving highly excited molecular states, of light induced conformational changes in molecules 
(isomerization) or investigations of inherently difficult to describe couplings between electronic 
and nuclear degrees of motion in molecules (e.g. at conical intersections) will become possible 
using intense fs FEL pulses in XUV pump-probe experiments. 

 

 

 

 

 

 

 

 

 

 

Figure 1: Kinetic energy of N2+ fragment ions emerging highly ionized N2 molecules as function of pump-
probe delay time. Both pulses have identical intensities in the order of 1014 W/cm2 (photon energy 38 eV)..  

 

 

 

 

 

 

 

 

Figure 2: Pump-probe delay-time dependence of coincident D+ fragment ions for different KER regimes (as 
indicated). Dashed lines: Theoretical ionization probabilities (right ordinate) for the corresponding KER 

ranges.  
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Ion beams allow to investigate mass selected cluster species, such as (H2O)2H+, and are essential
for experiments on ions for which a neutral isonuclear system is inexistent, such as HeH+. As ion
beams have a density which is inevitably orders of magnitudes lower than the one of neutral gas
jets, numerous experiments on photon induced processes are only viable at a free electron laser. Ex-
amples are photoelectron spectroscopy and momentum spectroscopy of nuclear fragments. We use
the Trapped Ion Facility at FLASH (TIFF) [1] to investigate the dynamics of photofragmentation
after ionization with the FLASH beam. In 2009, we have added an extension of TIFF towards the
PG2 platform, which allows to probe the same ion beam in a second centre of interaction (Fig. 1).
Here, we have placed a magnetic bottle electron spectrometer to record electron spectra from pho-
toionization of the ion beam. Using ten shifts of FLASH beamtime in 2009, we have determined
the photofragmentation patterns of the smallest protonated water clusters, (H2O)2,3H+ (see separate
report), and have demonstrated the feasibility of electron spectroscopy on a beam of Ne+ ions.
In a magnetic bottle spectrometer, an anisotropic magnetic field is used to bend electrons around
a set of magnetic field lines, which guide them towards the detector. This spectrometer achieves
electron detection from a large solid angle (up to 4π sR) and with good to moderate energy reso-
lution. Momentum information is lost though. The instrument used in 2009 is similar to an earlier
design [2], but incorporates some modifications for the use at FLASH. Most importantly, the length
of the drift tube has been shortened to 60 cm. The strong magnetic field at the point of interaction
is produced by permanent magnets and further concentrated by a conical iron tip. For the set-up
at FLASH, a holder was constructed which allows to remove the magnets from the interaction
chamber during baking.

Figure 1: Sketch of the TIFF extension (TIFF Jr.), and the magnetic bottle type electron spectrometer as used
at FLASH.

Figure 2 shows the electron spectrum recorded from a free Ne+ ion beam in the magnetic bottle
spectrometer. As the signal (at a chamber background pressure of 6 × 10−10 mbar) was domi-
nated by outer valence ionization of the residual gas, a spectrum with ion beam switched off was
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subtracted. In an acquisition time of 1200 s we have recorded roughly 1200 events from the ion
beam. At kinetic energies between approx. 45 to 52 eV, the signal from ionization into the first
three doubly ionized states of Ne is expected. Figure 2 shows significant structure in this energy
region. The signal at higher kinetic energies was identified as FLASH ionization of residual water
desorbed from apparatus parts by the ion beam.

Figure 2: Electron spectra from a Ne+ ion beam recorded with a magnetic bottle spectrometer at FLASH (hν
= 92 eV). The red line shows the expected kinetic energy for photoelectrons from ionization into the Ne2+

ground state.

Further improvements to this set-up were done after the FLASH shutdown. A new magnetic bottle
spectrometer was constructed, which incorporates several improvements as compared to the earlier
instrument. The region of high magnetic field around the interaction region has been reduced, in
order to record less events from residual gas ionized along the path of the FEL beam. The coil
producing the guiding field is now placed outside of the vacuum chamber. A new detector behind
the interaction region was installed to allow monitoring of the ion beam as well as the measurement
of neutral - electron coincidences to further reduce the background signal.
Tests of this instrument were carried out with a beam of OH− anions, and an optical laser system
(Continuum Surelight III-10, 532 nm and 266 nm with 10 mJ and 700 µJ pulse energy, resp.).
Firsts results corroborate our initial count rate estimates for photoelectron spectra recorded with
the FLASH beam. These are approximately a factor of 15 higher than the count rates represented
in Fig. 2. We attribute this currently to an imperfect overlap between the ion and FEL beams.
Experiments aimed for are the experimental proof of non-local autoionization (Intermolecular
Coulombic Decay, [3, 4]) after inner-valence ionization of anionic deprotonated water clusters,
(H2O)nOH−, and valence ionization of anionic water clusters containing a hydrated electron (H2O)−n .
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Angular resolved photoelectron spectroscopy is a key method to gain a deeper insight into the 

ionization behavior of complex systems such as multi-electron atoms, molecules and clusters. The 

Velocity Map Imaging (VMI) technique [1] makes it possible to acquire information about the 

kinetic energy and angular distribution of photoelectrons emitted upon single or multi-photon 

excitation in a single measurement. 

The main objective of the experiment performed at BW3, HASYLAB DORIS facility was to test 

the performance capabilities of the High Energy Velocity Map Imaging spectrometer (HEVMI) that 

has been designed to measure the angular distribution of photoelectrons with kinetic energies up to 

some hundreds eV.  As model system we choose atomic Neon which is ionized by photons in the 

energy range of 23 - 300 eV. Single photon absorption leads to the emission of 2p and 2s electrons 

(binding energy 21.7 and 48.5 eV, respectively). We note that due to the high electron energy the 

fine splitting of the p-state could not be resolved. Photoelectrons are guided towards a position 

sensitive detector by the electrostatic field of the HEVMI spectrometer. The mapping of the 3D 

photoelectron distribution on the position sensitive detector results in a characteristic ring structure 

as depicted in Fig. 1 (left). Since the angular distribution of the photoelectrons has cylindrical 

symmetry with respect to the polarization axis (p-polarization) the information on the 3D 

momentum distribution can be extracted from the 2D picture by performing Abel inversion.    

   

 
 

Figure 1: Left: Abel inverted angular resolved photoelectron spectrum resulting from ionization of Neon 

atoms by 230 eV photons. The electron yield is significantly enhanced along the laser polarization axis (up 

down arrow) pointing at positive value of the anisotropy parameter β. Right: Electron kinetic energy 

spectrum resulting from angular integration of the 3D momentum distribution. The double ring/peak 

structure corresponds to electrons originating from 2p and 2s levels. The difference in the total yield for both 

emission channels is due to different ionization cross sections.     
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Figure 2: Left: calibration curves for different setting of the HEVMI system. Right: Comparison between 
experimentally obtained anisotropy parameter β [2] and theoretical model by Kennedy [3]. 

 

By varying the photon energy up to 300 eV the calibration curve could be determined from the 

position of the 2s and 2p photoelectron peaks on the detector. The calibration curves for three 

different configurations of the mapping field of the HEVMI spectrometer are depicted in Fig. 2 (left 

panel). They are obtained by monitoring a peak position in the angle integrated photoelectron 

spectrum for different photon energies and enable us in further experiments to estimate 

photoelectron energy with precision of about 4% at 300 eV.  

As a first test case we studied the evolution of the β parameter as a function of photoelectron 

energy [2]. The photoelectron angular distribution for a single photon absorption with linear 

polarization is given by 1+β(3/2cos
2
θ-1/2) where θ denotes electron emission angle with respect to 

the electric field vector ε (see Fig. 1). Therefore, the angular distribution of the photoelectrons can 

be represented in the form of the anisotropy parameter β (blue squares) as depicted in Fig. 2 (right 

panel). We found a strong dependence of β especially for photoelectron energy below 50 eV. In this 

range the anisotropy parameter increases rapidly from -0.2 up to 1 reaching a value of about 1.3 for 

higher photon energies. The experimental results are in good agreement with theoretical 

calculations [3] which predict a slightly larger β in this photon energy range.  

In summary, the experimental studies performed at DORIS synchrotron facility proof the 

applicability of the new VMI design to measure photoelectrons with kinetic energies up to 300 eV. 

Through the extension of the VMI technique towards higher electron energies a new tool has been 

developed to study the photoemission of atomic and molecular targets with angular resolution. 
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Experiments were conducted at the FLASH facility at DESY in July 2009. Throughout 4 days of 
beamtime clusters were irradiated with intense (1013-1015 W/cm2), 15fs long soft X-ray pulses at 
Beamline 2. FLASH operated at a wavelength of 13.5nm (92eV) and had a very stable, average pulse 
intensity of 45uJ. The scope of targets included methane (CH4) and deuterated methane (CD4) clusters of 
varying sizes that were at times doped with Xenon to create mixed structures. The main motivation was 
to get a deeper understanding of light ion acceleration mechanisms in cluster explosion as well as 
completion of our data sets from earlier experiments in 2008 by increasing the range of achievable 
clusters sizes and the amount of Xenon. Those extensions to the experimental plan should lead to higher 
kinetic energies for the light ions. 
 
Clusters were created by supersonic expansion of gas through a nozzle of a helium-cooled cluster 
source. The maximum cluster size was increased to 2.5x106 molecules per cluster and doping with 
Xenon was performed in a doping cell attached to the main vacuum chamber. The doping process was 
controlled by choosing different backpressures for Xenon to allow a fixed amount of it to condensate 
onto the clusters. The explosion products – positively charged ions – created through irradiation of 
clusters with soft X-rays pulses were recorded with a multi-channel plate detector (MCP) situated in a 
time-of-flight tube (TOF). Each measurement contains up to 40,000 shots with the FEL and the resulting 
TOF spectra were analyzed. Figure 1 shows the experimental setup used throughout all the experiments.                                                      

 
 
The kinetic energy distribution for each ion peak in the spectrum allows to draw conclusions about the 
mean charge state, mean ionization energy and the number of absorbed photons per cluster atom. That is 
done through analyzing the resulting TOF spectra with help of the ion flight simulation package 
SIMION. Simulated ion trajectories help to find the corresponding kinetic energies distributions of the 
recorded ion peaks and get information about the underlying dynamics of the explosion process. The 
extracted information will act as a basis for planned MD simulations on cluster formation and explosion. 
 
In agreement with earlier results and with data from the optical regime a strong dependency of the 
kinetic energies with cluster size, cluster composition and pulse intensity has been found in the new data 
set as can be seen in Figure 2.  
 

Figure 1: Experimental setup used during the FLASH 
beatime in July 2009. Methane clusters were injected 
into the vacuum chamber and could be mixed with 
Xenon in a doping cell. The clusters then traveled on 
towards the interaction region where they were 
interjected by 15fs long ultra-intense soft X-ray 
pulses. These pulses ionized the matter leading to a 
violent explosion of the clusters. Positively charged 
ions where then accelerated into the TOF tube with 
help of a repeller plate at U1 = 1000V. Their impact on 
the MCP, held at U2 = -2600V, was recorded with the 
data acquisition system and analyzed off-line. 
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Additionally, signals from protonated methane CH5

+ were observed in the spectra. CH5
+ is a carbocation 

commonly studied in astrophysics and its formation in FEL induced cluster explosions posts a lot of 
questions. As can be seen in Figure 3, CH5

+ shows a non-linear behavior with cluster size increase. 
Going to bigger cluster sizes seems to break down the formation process of the molecule. CH5

+ does not 
show a very strong energy dependency on pulse intensity (Figure 3b). Apart from a slight change in 
peak height, the energy gain when going to more intense pulses is in the range of only a few (1-2) eV. 
The low kinetic energy of the molecule, ranging from 1-10eV, indicates that it was formed after the 
violent explosion of the cluster, most likely through collisional recombination of hydrogen with CH4

+. 
Quantum chemical calculations will shed light on the exact formation process of protonated methane. 
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Figure 2: Energy distributions for hydrogen ions 
from FEL induced cluster explosion.  The plot in 
2a shows the dependency of the proton kinetic 
energy on cluster size. The difference in baseline 
is due to a different sampling voltage during data 
taking. The effect of Xenon doping is visible in 
2b where a change in the energy distribution 
occurs with varying amounts of Xenon. Here, the 
cluster size has been fixed to 20,000 atoms. In 2c, 
at a cluster size of 250,000 atoms, the response to 
changes in pulse intensity can be seen. 

Figure 3: Ion TOF spectra of CH5
+ molecule (17 m/q). The background trace in 3a  shows signal from  HO+ which is 

overwhelmed by CH5
+ when increasing the cluster size. The plot in 3b shows the energy distribution for the CH5

+ peak as 
a function of incoming pulse intensity.  
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Non enzymatic molecular replication has been the subject of intense research over the past two 
decades. The design of replicating peptides centered mainly on α-helix forming sequences that self 
assemble to coiled-coil tertiary structures. However, it has been postulated that shorter peptides 
with simpler sequences may serve as templates for self replication, provided that they are able to 
arrange themselves into unique and well defined structures. We showed that simple peptides, close 
analogs of the synthetic amphiphilic Pro-Glu-(Phe-Glu)n-Pro peptides,[1] can form soluble, one-
dimensional β-sheet aggregates in water, which serve to significantly accelerate peptide ligation and 
self replication. We have synthesized the sequence Aba-Glu-(Phe-Glu)5-Pro of peptide 2 in which 
the N-terminus proline of the β-sheet forming peptide PFE-5[2] has been replaced by the capping 
aromatic 4-acetamidobenzoate (ABA) (Table 1). The structure of peptide 2 was then modified to 
include an Ala-Cys dyad at the middle of the sequence, resulting in the sequence of peptide 1 that 
can be formed by condensation of shorter electrophilic and nucleophilic fragments (E1 and N1 in 
Table 1) through native chemical ligation.  

Table 1: Peptide Sequences 
Peptide Sequence MW 

1 ABA-Glu-Phe-Glu-Phe-Ala-Cys-Glu-Phe-Glu-Phe-Glu-Pro-CONH2 1683 

E1 ABA-Glu-Phe-Glu-Phe-Ala-CO-S-CH2CH2CONH2 890 

N1 Cys-Glu-Phe-Glu-Phe-Glu-Pro-CONH2 899 

2 ABA-Glu-Phe-Glu-Phe-Glu-Phe-Glu-Phe-Glu-Phe-Glu-Pro-CONH2 1786 

PFE-5[2] Pro-Glu-Phe-Glu-Phe-Glu-Phe-Glu-Phe-Glu-Phe-Glu-Pro  

 
Surface-pressure versus molecular area (π- A) isotherms of 1 and 2 on deionized water indicated 
that both peptides form stable monolayers. The peptide chains in these monolayers are oriented with 
their long molecular axes parallel to the water surface, as suggested by the limiting area per 
molecule (Fig. 1b) found to be 250 Å2 and 240 Å2, respectively. Grazing-incidence X-ray 
diffraction (GIXD) experiments on films of 1 or 2 on deionized water provided evidence for 
assembly of the peptides into two-dimensional crystalline β-sheet monolayers. Diffraction patterns 
obtained in the expanded state of the monolayer showed Bragg peaks at qxy = 0.108 Å-1, d = 58.1 Å 
and at qxy = 1.315 Å-1, d = 4.8 Å for 1. The GIXD pattern of 2 was similar with Bragg peaks at qxy = 
0.121 Å-1, d = 51.9 Å and at qxy = 1.310 Å-1, d = 4.8 Å (Fig. 1a).  The 4.8 Å spacing is characteristic 
of interstrand hydrogen bonds along β-sheet ribbons. The 58 Å and 52 Å spacings for 1 and 2, 
respectively, are close to the estimated projected length of the β-sheet on the water interface, 
according to a molecular model (data not shown), with the first being slightly longer, probably due 
to minor alterations in the peptide conformation where Ala-Cys residues replace Glu-Phe. 

The circular dichroism (CD) spectra of both peptides 1 and 2 provided evidence for formation of β-
sheet aggregates in buffered (pH 7) water solution. At pH 7 (Fig. 1c), the spectra of both peptides 
showed a clear minimum at 216 nm, similar to previously described anti-parallel β-sheet structures. 

Additional characterization of peptide 1 assemblies in 100 µM water solutions was obtained by 
cryo-electron microscopy (Fig. 1d). Long and entangled fibrils were observed, which are as small as 
~5 nm in width, corresponding well with the molecular length of 1 along the β-strand long axis. All 
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the structural measurements thus suggested the formation of β-sheet aggregates of 1 and 2 at the 
water-air interface and in water solution. Scheme 1 illustrates the anti-parallel β-sheet formed by 
self assembly of peptide 1, demonstrating the availability of the β-sheet edges for interactions with 
incoming reactants during the replication processes [3]. 

 

Figure 1: Structural characterization of the β-sheet assemblies formed by peptides 1 and 2. a) GIXD patterns 
showing Bragg peaks corresponding to hydrogen bonds and peptide length spacings. b) Surface pressure-
area (π-A) isotherms of peptides 1 (black line) and 2 (gray line) on deionized water. c) CD spectrum of 50 

µM solutions of 1 (solid black line) and 2 (dashed black) in ammonium bi-carbonate buffer at pH 7. d) 
Cryo-TEM images of frozen one-dimensional aggregates formed from 100 µM solution of 1. 

 

 

 
 
 
 
 
 

Scheme 1: Illustration of the autocatalytic process of 1. The anti-parallel β-sheet 1n serves as template for 
registered association with E and N, which react through native chemical ligation to form new molecule of 

1, and the larger aggregate 1n+1 that is readily available for the next catalytic reaction. 
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Rationally designed peptides can be applied for the design and construction of well define peptide-mineral 
composite architectures for various applications such as smart biomaterials. Peptides containing repetitive 
dyads of hydrophilic and hydrophobic amino acids terminated by proline residues have been shown by 
GIXD to facilitate the formation of ordered two-dimensional β-sheet structures at air-water interface. [1, 2] 
GIXD measurements also revealed compressibility and elasticity exhibited by the β-sheet forming peptide 
Pro-Glu-(Phe-Glu)5-Pro that was attributed to peptide backbone bending. [3] 

In this study, peptides with the sequence of Pro-Asp-(Phe-Asp)5-Pro (FD) and Pro-Glu-(pSer-Phe)5-Pro 
(pSer) and their 1:1 molar ration mixture were used as templates for hydroxyapatite (Ca10(PO4)6(OH)2) 
mineralization. Hydroxyapatite is the major inorganic component of bone and teeth. [4] These peptides 
served as models for acidic-rich macromolecules like glycoproteins and polysaccharides of the extracellular 
matrix involved in regulating the nucleation, growth and binding of the mineral.  

Monolayers of the peptides were studied at interfaces of water and SBF1.5 (a simulated body fluids buffer-
mineralization solution which has various ions 1.5 times those of human plasma, pH=7.3 & T=27-30°C). 
Peptide FD was previously shown to exhibit higher compressibility and lower collapse pressure on SBF1.5 
compared to water pointing to interactions between the peptide film and the ions in solution. [5].  

Here we aimed at getting structural insight on the interactions between the peptide templates and the 
mineralizing solution by comparing films' compressibility on water and on SBF1.5. GIXD measurements 
were performed for peptides on water and on SBF1.5 right after peptide deposition and after 10 hours of 
incubation on the ionic solution. Compressibility of the crystalline monolayer peptide structure manifests in 
shrinkage of the d(0,1) spacing and is evaluated as )/ln( 1,0 π∂∂−= dCC . 

Figure 1: Schematic representation of the amphiphilic β-sheet peptide Pro-Glu-(Phe-Glu)5-Pro at the 
interface of water. Arrows represent the direction in which the peptides yield to the isotropically exerted 

surface pressure. The spacing direction (0,1) runs along the peptide long molecular axis. 

 

On water, FD peptide and the FD:pSer mixed films exhibited similar crystalline compressibility values 
whereas pSer was highly resistant to compression. (Fig. 2a) On the mineralizing solution the compressibility 
was found to be, in general larger, (Fig. 2b) hence, compressibility measurements provide evidence for the 
effect of ionic interactions on the peptide template. Peptide FD appears to lose the β-sheet structure on 
SBF1.5 as evident by the disappearance of the d(0,1) diffraction peak after the incubation. Peptide pSer 
presents a rather rigid template compared to the pSer:FD film but both films appear to interact similarly with 
the SBF1.5, based on increase in surface pressure after the incubation. 

 

d(0,1) 
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Figure 2: ln d(0,1) versus surface pressure and crystalline compressibility values. (a) Peptides on water 
showing relatively low compressibility and (b) peptides on SBF1.5 exhibiting higher compressibility. Film 
compressed along the isotherm (line), increase in surface pressure after 10 hours incubation (assigned by 

arrow), circled points obtained after incubation. A rapid increase in surface pressure was observed for FD + 
pSer monolayer (dotted line).  
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Ultrathin films of magnetite (Fe3O4) as well as other related ferrites (e.g. Fe3−xMgxO4) offer a wide
range of applications in the fields of both spintronics and catalysis due to its halfmetallic character
which is related to the inverse spinell structure of magnetite and its ferrimagnetic behaviour.[1, 2, 3]
Because of the very small lattice mismatch of 0.31% MgO is an excellent candidade as a substrate
for growth of single crystalline magnetite films. In this work we studied the dependency of film
structure and stoichiometry for magnetite films with thickness less than 25nm. To study these
parameters we used x-ray photoemission spectroscopy (XPS) and low energy electron diffraction
(LEED) to characterize in situ the surface near regions of the magnetite films. Experiments with x-
ray diffraction (XRD) and x-ray reflectivity (XRR) were performed at beamline W1 of HASYLAB
(DESY, Hamburg, Germany) at a photon energy of 10.5 keV to characterize the structure and the
morphology of the magnetite films and their interfaces as well as the film thickness.
The magnetite films were deposited on MgO(001) single crystal substrates in an ultra high vac-
uum (UHV) chamber by reactive molecular beam epitaxy (MBE) at a molecular oxygen pressure
of 10−6 mbar at room temperature. The growth rate was about 1.8 nm/min. After deposition the
surface structure of the films was checked by LEED, which showed diffraciton peaks related to the
Fe3O4(001) surface (including (

√
2×√

2)R45◦ superstructure). XPS analysis for stoichiometric in-
formations was performed, too. Before transfer to DESY for the XRR and XRD studies the samples
were capped by amorphous silicon films to avoid further degradation under ambient condititions.
Analysis of the Fe3p peak by XPS (fig. 1(d)) showed that the amount of Fe3+ ions increases in
the surface near region with with increasing film thickness and almost reached the expected value
for bulk magnetite for the thickest film (thickness 21.4nm). The amount of Fe2+ ions, however,
is decreasing with film thickness but is significant lower than the expected value for the full sto-
ichiometry. Furthermore, we also observed Mg2s photoelectrons although the films were thicker
than the escape depth of the photoelectrons. Thus Mg2+ ions are incorporated in the magnetite
films. The amount of Mg2+ ions, however, decreases with increasing film thickness. The full stoi-
chiometry is obtained if one adds the amount of Fe2+ and Mg2+ and relates it to the amount of Fe3+

ions. Therefore we propose that Mg2+ partly substitutes Fe2+ in the region close to the interface so
that a mixed oxide film is formed already at room temperature.
XRD measurements (fig. 1(a)-(c)) show Bragg peaks due to the magnetite films and clear fringes
indicating high crystalline order and pointing to the formation of very homogeneous films, respec-
tively. The thicknesses of the magnetite films as obtained from the XRD fringes agree excellently
with the values obtained from XRR. The full set of XRD data is analyzed using kinematic diffrac-
tion theory assuming an interface layer with FeO (wüstite structure) at the interface and magnetite
structure for the main part of the oxide film grown on top of the FeO interface layer. The solid lines
of figs. 1(a)-(c) demonstrate the excellent agreement between experiment and theory. Our analysis
shows a decrease of the vertical lattice constant of the magnetite film from a value larger than the
lattice constant of bulk magnetite (due to addtional FeO intermixed to Fe3O4 at the interface) to
a value slightly smaller than the bulk value (cf. fig. 1(e)). The latter effect can be attributed to
residual strain of the magnetite film due to the lattice mismatch.
Both XRD and XPS results can be explained assuming the growth of an non-stoichiometric phase
between FeO and Fe3−xMgxO4 for ultrathin films. The structure and stoichiometry of the phase
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is shifting toward the magnetite bulk structure with increasing film thickness. These results are
supported by conversion electron Mösbauer spectroscopy studies by Korecki et al.[4]. They also
found differences in structure and composition for films with thickness below 10nm. Thus, we
assume in depositing magnetite films the first layers are growing as FeO with a rock salt structure
like the MgO substrate. With increasing film thickness it is relaxing to the magnetite inverse spinel
structure. For films thicker 20 nm bulk stoichiometry and structure should be observed.
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Figure 1: Left: θ-2θ scan at the (002)S Bragg peak, which corresponds to the (004) MgO bulk and the Fe3O4

(008) bulk Bragg peak. The magnetite films have the thickness of (a) 6.1nm, (b) 11.2nm and (c) 21.4nm.
Right: (d) amount of Fe3+, Fe2+, Mg2+ as obtained from XPS and the added amount of Fe2+ and Mg2+

in the film depending on the film thickness. The dashed lines show the amount expected for pure Fe3O4

(33.3% for Fe2+ and 66.7% for Fe3+). (e) vertical lattice constant of the magnetite films depending on the
film thickness. The dashed lines show bulk values for lattice constants of the various iron oxides and MgO.
Note that for FeO and MgO the doubeld lattice constant is shown.
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One of the more recent ways of research development in nanotechnology area concerns the 
organic electronics. Within this field, the different research works aim at best understand the 
narrow relations linking the molecular structure, charge transport, excited state’s migration, matter 
organisation at the interfaces and nanofabrication processes.  

Typical compounds for organic semiconductors at low-cost device manufacture are conjugated 
polymers but also liquid crystals .However, due to anisotropic properties, high degree of molecular 
ordering is a very crucial issue. Hence, processing conditions play a critical role in the final device 
performance, so establish the optimal structural organization in thin films has been a required 
challenge for an efficient charge transport. Among the various orientation methods recently 
conceived to align organic chains in thin films, there is one which provides an efficient orientation 
with precise control of the spatial localization of the oriented regions with a nanometric resolution, 
feature that cannot be easily achieved with the “classical” techniques. This method combines in an 
original way two concepts: template growth and nanorubbing. Indeed, it is now recognized that a 
crystallization process can be used to align the chains in semicrystalline rigid polymers. Besides, 
upon rubbing amorphous polymer surfaces, the formation of crystalline aggregates can be 
observed on the surface, which are perfectly aligned along the sliding direction [1]. These 
aggregates then act as a template to propagate the chain orientation to the whole film when the 
polymer is heated to the crystallization temperature. This kind of template growth is clearly 
reminiscent of epitaxial growth. 
 

Lately, we have expanded this concept of device manufacturing to some specific calamitic liquid 
crystals recently synthesized by us, i.e. a series of symmetrical α,α’-dialkyloligothiophene 
homologues [2]. Here in this work, we focus on thin film samples prepared with a series of . 
dialkylterthiophenes, varying the alkyl chain length from 6 to 9 carbon units on each side of the 
aromatic core. 
 
The films prepared were then grown and aligned after spreading onto a nanorubbed PTFE coating 
silicon substrate. In order to check the quality of the film alignment and then to ensure the system 
probed is not possibly diphasic (with for instance some fraction of the molecules lying down in the 
surface plane), we investigated the films above at room temperature by grazing incidence X-ray 
diffraction (GIXD) experiments, in and then out-ot-plane. In-plane diffraction experiments were 
first used to exhibit the lattice organization and then compare with the structure of their bulk 
material homologues [3], while out-of-plane diffraction (Bragg rod measurements) were helpful to 
estimate the average tilt and azimuthal angles of the alkyl chains. This will enable us to conclude 
about the applied efficiency to align by nanorubbing small liquid crystal molecules such as 
dialkylterthiophenes. 
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Tunable electrical, chemical and magnetic properties of nanoparticles have pushed them into the
scope of research in the last years. Among the variety of nanoparticles, synthetically fabricated col-
loidal bimetallic systems have turned out to be very appropriate for versatile applications, ranging
from catalysts exhibiting superior efficiency and selectivity, to magnetic memory devices. Pre-
requisuites for a successful technological implementation are, in most cases, the monodispersity of
the nanoparticles and a well-controlled stoichiometry.
The surfaces of the nanoparticles are mainly terminated by organic ligands inherent to the under-
lying synthesis. The nanoscale ordering of the particles after deposition on a support is therefore
influenced by the mutual ligand-support-interaction. Thus, functionalizing the support may provide
controlled embedding of the nanoparticles, possibly leading to additional means of control of the
material properties. Self-assembled monolayers (SAMs) represent a promising way for substrate
functionalization.
X-ray reflectivity (XRR) and x-ray standing waves in total external reflection (TER-XSW) mea-
surements were performed on CoPt3 nanoparticle films prepared by dip coating on functionalized
substrates. The synthesis of the colloidal solution was done at the institute of physical chemistry,
University of Bremen [1]. As substrates, Si wafers coated with a 30 nm Au layer were chosen.
At the employed photon energy of 11.7 keV, the thickness of the coating layer implies a bulk-like
behavior of the Au film for measurements below or close to the critical angle for total external
reflection. The surface roughness of the Au layers was about 1 nm.
The functionalizing SAM as well as the ligand group was Hexadecanethiol (HDT), which is well
established [2]. The sulphur atoms bond covalently on gold, providing a stable interface. The
interaction of particles and SAMs are then governed by Van-der-Waals forces between the nonpolar
CH3 end groups of SAM and ligands. SEM pre-investigations showed a monolayer of nanoparticles
with controlled mesoscopic coverage depending on preparations conditions (cf. Fig. 1).
The measurements were performed at beamline E2 at a fixed photon energy of 11.7 keV. A cyberstar
scintillation detector was used for reflectivity measurements. Both sample and detector were fixed
on the Huber diffractometer at E2. Standing-wave measurements were performed in the same
setup, with an additional multi-channel fluorescence detector that was mounted perpendicular to the
sample surface. To avoid undesirable signals from the edges of the sample, a collimator piece was
attached to the fluorescence detector. The whole measurements were performed in total external
reflection regime with incidentent angles ranging from 0.02◦ to 0.80◦.
XRR was used to determine the layer thicknesses and roughnesses, as well as the nanoparticle sur-
face coverage. Modelling the electron density distribution of the nanoparticles as a diluted CoPt3
film [3], the XRR results for the surface coverage are in good agreement with the SEM investi-
gations. Moreover, we were able to determine the mean particles-to-substrate distance (taking the
SAM layer into account) as well as the height distribution of the particle assembly. Fig. 2 shows
reflectivity and fluorescence results of two samples with different coverages. It is obvious that the
larger the coverage the higher the critical angle of the layer and the better defined the ordering of
the layer in vertical direction (as the fluorescence peak gets narrower) and implies the fact that by
higher coverages the nanoparticles by deposition get into a kind of self-ordering process in vertical
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Figure 1: Scanning electron micrograph of CoPt3 nanoparticles deposited on functionalized Au substrate.
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Figure 2: Left: X-ray reflectivity intensity of two samples with different coverages which lead to different
critical angles specified together with the critical angle of Au (0.367 ◦) at 11.7 keV. Right: Pt fluorescence
by TER-XSW measurements on the same two samples. Sample with higher coverage (sample I) shows a
narrower fluorescence peak and, thus, a better defined ordering in vertical direction.

direction, presumably due to the ligand-ligand interaction, and adopt a better defined mean distance
to the substrate than in lower coverage case. Furthermore, the evaluation of the TER-XSW data for
Pt and Co have lead to the recogniton that the nanoparticles show a core-shell like structure [4].
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Ultrathin films of magnetite (Fe3O4) as well as other related ferrites (e.g. Fe3−xMgxO4) offer a wide
range of applications in the fields of both spintronics and catalysis due to its halfmetallic character
which is related to the inverse spinell structure of magnetite and its ferrimagnetic behaviour.[1, 2, 3]
Because of the very small lattice mismatch of 0.31% MgO is an excellent candidade as a substrate
for growth of single crystalline magnetite films. In this work we studied the dependency of film
structure and stoichiometry for magnetite films with thickness less than 25nm. To study these
parameters we used x-ray photoemission spectroscopy (XPS) and low energy electron diffraction
(LEED) to characterize in situ the surface near regions of the magnetite films. Experiments with x-
ray diffraction (XRD) and x-ray reflectivity (XRR) were performed at beamline W1 of HASYLAB
(DESY, Hamburg, Germany) at a photon energy of 10.5 keV to characterize the structure and the
morphology of the magnetite films and their interfaces as well as the film thickness.
The magnetite films were deposited on MgO(001) single crystal substrates in an ultra high vac-
uum (UHV) chamber by reactive molecular beam epitaxy (MBE) at a molecular oxygen pressure
of 10−6 mbar at room temperature. The growth rate was about 1.8 nm/min. After deposition the
surface structure of the films was checked by LEED, which showed diffraciton peaks related to the
Fe3O4(001) surface (including (

√
2×√

2)R45◦ superstructure). XPS analysis for stoichiometric in-
formations was performed, too. Before transfer to DESY for the XRR and XRD studies the samples
were capped by amorphous silicon films to avoid further degradation under ambient condititions.
Analysis of the Fe3p peak by XPS (fig. 1(d)) showed that the amount of Fe3+ ions increases in
the surface near region with with increasing film thickness and almost reached the expected value
for bulk magnetite for the thickest film (thickness 21.4nm). The amount of Fe2+ ions, however,
is decreasing with film thickness but is significant lower than the expected value for the full sto-
ichiometry. Furthermore, we also observed Mg2s photoelectrons although the films were thicker
than the escape depth of the photoelectrons. Thus Mg2+ ions are incorporated in the magnetite
films. The amount of Mg2+ ions, however, decreases with increasing film thickness. The full stoi-
chiometry is obtained if one adds the amount of Fe2+ and Mg2+ and relates it to the amount of Fe3+

ions. Therefore we propose that Mg2+ partly substitutes Fe2+ in the region close to the interface so
that a mixed oxide film is formed already at room temperature.
XRD measurements (fig. 1(a)-(c)) show Bragg peaks due to the magnetite films and clear fringes
indicating high crystalline order and pointing to the formation of very homogeneous films, respec-
tively. The thicknesses of the magnetite films as obtained from the XRD fringes agree excellently
with the values obtained from XRR. The full set of XRD data is analyzed using kinematic diffrac-
tion theory assuming an interface layer with FeO (wüstite structure) at the interface and magnetite
structure for the main part of the oxide film grown on top of the FeO interface layer. The solid lines
of figs. 1(a)-(c) demonstrate the excellent agreement between experiment and theory. Our analysis
shows a decrease of the vertical lattice constant of the magnetite film from a value larger than the
lattice constant of bulk magnetite (due to addtional FeO intermixed to Fe3O4 at the interface) to
a value slightly smaller than the bulk value (cf. fig. 1(e)). The latter effect can be attributed to
residual strain of the magnetite film due to the lattice mismatch.
Both XRD and XPS results can be explained assuming the growth of an non-stoichiometric phase
between FeO and Fe3−xMgxO4 for ultrathin films. The structure and stoichiometry of the phase
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is shifting toward the magnetite bulk structure with increasing film thickness. These results are
supported by conversion electron Mösbauer spectroscopy studies by Korecki et al.[4]. They also
found differences in structure and composition for films with thickness below 10nm. Thus, we
assume in depositing magnetite films the first layers are growing as FeO with a rock salt structure
like the MgO substrate. With increasing film thickness it is relaxing to the magnetite inverse spinel
structure. For films thicker 20 nm bulk stoichiometry and structure should be observed.
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Figure 1: Left: θ-2θ scan at the (002)S Bragg peak, which corresponds to the (004) MgO bulk and the Fe3O4

(008) bulk Bragg peak. The magnetite films have the thickness of (a) 6.1nm, (b) 11.2nm and (c) 21.4nm.
Right: (d) amount of Fe3+, Fe2+, Mg2+ as obtained from XPS and the added amount of Fe2+ and Mg2+

in the film depending on the film thickness. The dashed lines show the amount expected for pure Fe3O4

(33.3% for Fe2+ and 66.7% for Fe3+). (e) vertical lattice constant of the magnetite films depending on the
film thickness. The dashed lines show bulk values for lattice constants of the various iron oxides and MgO.
Note that for FeO and MgO the doubeld lattice constant is shown.
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The aim of the study was to identify, by SAXS, dispersed monoglyceride mesophases in order to 
use those organized particles in drug delivery.  
Depending on their concentration, monoglycerides are able to self-organize in water and form 
lamellar, hexagonal or cubic phases [1]. Once emulsification of the mesophases in a hydrosoluble 
continuous phase is achieved, the nanoparticles can be used to transport, protect and deliver 
pharmaceutical molecules, nutrients or chemotherapy drugs. The only way to determine the internal 
mesophases was to use SAXS. Figure 1 shows the SAXS signatures of each mesophases occurring 
in our system [2]: 
 

 

Figure 1: Scattering curves of internally nanostructured droplets dispersed in water. 
 

 

Our goal is to create new vectors, at the nanometer scale, for drugs or nutrients that could not be 
transported by available vectors. The full characterization of the mesophases (only determined by 
SAXS) is essential to fully understand the mechanism which drives the solubilisation capacity. 
Moreover, it was expected that depending on the guest molecules concentrations, the structures 
could significantly evolve, thus drastically altering the vector efficacy. 

We report here the influence of the addition of a biological media (serum) on the internal structure 
of the emulsions. The serum is constituted by many molecules (proteins, sugar), that are able to 
destabilize the emulsifier at the droplet interface and then destroy the monolinolein structure. We 
tested the evolution of the mesophases during 48 hours after injection of serum in the continuum 
medium. We compared 3 different emulsifiers. 
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Table I : Evolution of monolinolein emulsified mesophases and their lattice parameters, after  
addition of serum during 48 hours, for 3 emulsifiers. 

 

Emulsifiers Pluronic F127 Sucrose Stearate Caseinate 
Time 

δ 85 100 70 100 70 100 

Before injection 6 9.4 6.3 11.1 5.8 9.6 

24h after injection 6.1   9.8 7 - 6.4 9.8 

45h after injection 6.1 - 7.1 - 6.6 - 
 

     : Hexagonal phase             : Cubic phase        -      : Not determined    δ : Monolinolein content. 

 

 

The results gathered in Table I show that the addition of serum in the external phase do not apparently 
modify the monolinolein structures after 48 hours, except for cubic phase after 48 hours. Unfortunately, the 
peak intensities were too low to ensure the presence of any mesophases. 

In case of hexagonal phase, the addition of serum do not modify the structure but induce a larger lattice 
parameter. This may be due to the incorporation in the droplets of some serum molecules.  

Those experiments gave us the opportunity to test monolinolein mesophases in biological medium. The 
main conclusion is that the hexagonal phases appear relatively robust in interaction with biological media 
and can be used as drug vectors. 
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Controlling the structure of matter at the nanometer scale and assemble nanoparticles into arrays and 
networks in a controlled manner is the key to new technologies. The application of magnetic nanostructure 
arrays as storage medium is a big issue for years [1]. Magnetic nanostructure arrays are created using 
diblock copolymer micelles with SiO2 loaded cores. The filled micelles are deposited on a Co/Pt-multilayer 
film. After removal of the organic shell by oxygen etching, free standing silica particles remain on the 
multilayer. The structure of the cores is transferred to the film via ion milling under normal incidence. With 
this method we are able to generate magnetic dot arrays with perpendicular easy magnetization direction [2] 
on the limit of current patterning methods. The dots were made of (Co/Pt)2-multilayers. The magnetic 
properties of such dot-arrays depending on their size and distance were investigated by means of MOKE. 

 

 

 Figure 1: GISAXS of different preparation steps of a nanopatterned (Co/Pt)n-multilayer films by ion milling 
of silica masks 

 

By using different diblock copolymers, we are able to control dot diameters and mean distances [3]. This 

opens the possibility to study the size and distance dependence of magnetic properies of produced dots. 

Figure 1 shows GISAXS patterns of different stages of an array while bombardment with Ar
+
 ions. As one 

can see, the scattering events get more pronunced, due to material erosion and increasing scattering contrast 

of the revealed structures. The scattering maximum, induced by the critical angle of the sample (Yoneda 

peak), moves during this process to lower qz. The scattering maximum along qz is directly proportional to 

the electron density of the material. This enables us to determine the optimal sputtering conditions for the 

production of the free-standing particles on top of the underlying silicon substrate.  

After ion bombardment, the remains of the Co/Pt multilayer stay ferromagnetic on sputtering. First 

investigations show, that coercitivity depends strongly on the size of the produced dots, but is independend 

on their interparticle distance. Figure 2 shows MOKE investigations and the corresponding lateral GISAXS 

Ar
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curves. Further systematic experiments and calculations are in progress to fully understand the magnetic 

properties of such dot arrays. 

  

 

Figure 2: MOKE loops of  remaining magnetic dot arrays after Ar
+
 sputtering. The Kerr rotation θ as a 

function of the perpendicular magnetic field was taken for different dot distances (130 – 50 nm) at constant 
dot diameters (26nm). Corresponding GISAXS curves show the decrease of the interparticle distances. 
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Grazing-incidence x-ray diffraction investigation on Ge
islands grown on Ag covered Si(111)
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The growth mode of Ge on Si can be tailored by the use of adsorbates, also referred to as surfactants
or growth catalysts. Surfactants change the surface free energy and the diffusion lengths, and
segregate to the surface during subsequent Ge deposition [1, 2, 3]. Group V elements like Sb or
Bi can be used to suppress the Stranski-Krastanov growth mode of Ge on bare Si and facilitate a
two-dimensional growth [3, 4]. In case of growth on Si(111), this is accompanied by the formation
of an ordered array of misfit dislocations that give rise to satellite spots in diffraction experiments
[4, 5, 6]. Group III elements, contrarily, tend to promote three-dimensional island growth and can
be used to improve the island size and distance distribution [7].
We investigated Ag as an alternative surfactant, which may avoid unintentional doping of the grow-
ing Ge film, as Ag does not have a shallow impurity state in the Si and Ge bandgaps, opposed to
group III and V elements. In a recent low-energy electron microscopy (LEEM) study, we were able
to show that Ag pre-adsorption on Si(111) leads to the growth of flat, but rather large islands (see
Fig. 1, where Ge islands appear dark) [8]. In order to analyze the strain state and defect structure
of Ge/Si(111) island films grown using Ag as a surfactant, grazing-incidence x-ray diffraction was
performed at the undulator beamline BW2, using a focused monochromatic beam at 10.0 keV and
an incident angle 1.0◦. Reciprocal space maps (RSMs) were recorded using a one-dimensionally
position sensitive detector in a z-axis diffractrometer setup. RSMs in the vicinity of the (2̄2̄4) re-
flection are shown in Fig. 2. In addition to the Si(3̄0) and Ge(3̄0) crystal truncation rods (CTRs)
that intersect these maps at the positions indicated in Fig. 2, satellite spots appear that are unam-
biguously attributed to an ordered array of misfit dislocations [5, 6]. Astonishingly, pronounced
satellites are observed at growth temperatures TG as low as 400◦ C (cf. Fig. 2). For group V ele-
ments, the formation of an ordered misfit dislocation array is impeded at low TG by the presence of
extended defects like twins associated with stacking faults [6]. Such twins are also observed when
Ag is used as a surfactant, as shown in Fig. 3. The fraction of twinned material can be estimated
from the ratio of the Ge twin (220) reflection intensity to that of the Ge(113) reflection of the un-
faulted Ge [5]. Whereas one could expect this ratio to monotonically decrease with increasing TG,
a maximum is found at 450◦ C to 500◦ C (cf. Fig. 3). The mechanism behind this intriguing finding
is not yet understood. As obvious from Figs. 2 and 3, the positions of the Ge reflections approach
the Si reflection positions with increasing TG, both in lateral and vertical direction. This points
to an increased intermixing of Ge and Si at higher TG. In order to address this issue in more de-
tail, diffraction anomalous fine structure experiments were performed at beamline D3. According
spectra are shown in Fig. 4. A quantitative analysis of these data is in progress.
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Figure 1: LEEM image of Ge
islands grown on Ag/Si(111).

Figure 2: Reciprocal space maps in the Q‖-Q‖ plane at Q⊥≈0, for sam-
ples grown at 550◦ C (left) and 400◦ C (right).
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In the field of organic electronics, discotic liquid crystals are good candidates as they are quasi 1D 
semiconductors, i.e. charges and excitons travel much faster along columnar stacks than between 
columns [1]. This implies that columnar stacks must be adequately aligned between electrodes. The 
obtaining of a good homeotropic alignment of columns, i.e. perpendicular to electrodes, is always 
requested in photovoltaic cells and light-emitting diodes. When such a film is sandwiched between 
two solid substrates, the homeotropic alignment is commonly generated by thermal annealing, i.e. 
upon slow cooling from isotropic melt. 

Nevertheless, separating the two substrates, this alignment property is lost (excepted at room 
temperature), due to the presence of a free interface with the air which perturbates the film and then 
reorganizes the alkyl side-chains located in the uppermost surface layers of the film. These are 
expected to be realigned from an in-plane orientation to a preferential normal direction (with 
respect to the surface plane), in order to minimize the surface energy. It has been shown previously 
that this parasite effect – for the electronic devices conception – also occurs for aliphatic chain 
molecules, a few degrees above the bulk freezing temperature (Tb) [2]. Indeed, the lower density of 
the CH3 end groups imparts them a slightly higher surface activity. 

Thus, the surface enrichment of the head groups induces a preferential vertical alignment of the 
alkane chains even at T>Ts (Ts : surface freezing temperature), leading eventually to a more 
ordered phase at the surface. This last phenomenon, known like the surface freezing effect (also 
named here S.F.) [3], consists in the formation of a crystalline monolayer at the free surface of a 
melt temperature Ts, a few degrees above the bulk freezing temperature, Tb. 

The discotic analysed in this study is the free-phthalocyanine mesogen H2Pc-(O-14,10)4 
(abbreviated as H2Pc). It has been synthesized by us, and then spin-coated from a solution onto 
cleaned Si/SiO2 substrates. H2Pc phthalocyanine thin films – from 100 to 300 nms of thickness – 
were firstly homeotropically aligned by a “sandwich” process (confined and annealed between two 
silicon wafers), and then analysed after separating the upper solid slide to the liquid-crystal film. 

To investigate this S.F. phenomenon we have resolved to study the surface structure at the H2Pc 
film/air interface mainly by measurements of X-ray reflectometry (XRR) [4]. 

These experiments have been performed under vacuum and at a temperature range around 180°C 
where S.F. is expected to occur. During the whole duration scans, the film temperature stability was 
controlled to be within ± 0.1 K. Here we deliberately focus on XRR measurements performed for 
thick films (300 nms), which did not display any meaningful dewetting transition [2]. 

Figure 1a below exhibits the main variations in temperature of the XRR curves for a 300 nm H2Pc 
film. The three curves are assigned to the low and high temperature-range compared to the S.F. 
area (140°C and 192°C, respectively), while the third one is situated within the S.F. area (184°C). 

As we can notice in Fig. 1a, all the curves display an intense Bragg peak (and its second order), 
which can only be ascribed to the helical pitch periodicity (~ 2.7 nm) [5]. This significant reflection 
originates from the positional correlation in intracolumnar packings of H2Pc bulk clusters (in quasi-
isotropic state) located underneath the surface layering. Fairly surprisingly, even reaching 
temperatures beyond the isotropic melt (192°C), this structural order of stacked molecules in 
aggregates still remains. 
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Figure 1: (a) XRR measurements for a 300 nm H2Pc film. (b) XRR curve for a 300 nm H2Pc film in the S.F. 

region (184°C), with indicated in dash lines the Qz distance between the two interference fringe centers. 

Outside the surface freezing area, no interference fringes are observed, meaning that the H2Pc film 
analysed is still well ordered and homogeneous in the whole film. A few degrees above the bulk 
freezing temperature (Tb), i.e. at 184°C, the behaviour is slightly different. In spite of a still good 
columnar order, now appear two interference fringes (Kiessig), characteristic to the appearance of a 
thin layer structure. Focusing on this curve performed at 184°C, we measure a ∆Q equal to 0.18 Å-1 

(Fig. 1b). This value corresponds to an average layer-spacing of about 35 Å on top of the film. 
According to the chain length of the alkyl side-chain substituents, we may assume this surface 
layer thickness appears to be too large to be only due to an alkyl chain reorientation. More 
probably, the homeotropic alignment loss induced by the surface reorganization would consist in a 
molecular reorientation (so not only to an alkyl chain alignment). Then, the structure of the surface 
layering would be composed of an “edge-on” arrangement, i.e. with a vertical orientation at once 
for the side-chains as for the disk cores, which is thus consistent with the layer-spacing found here 
by XRR. 

Furthermore, contrary to what we could expect [6], no crystalline ordering has been evidenced at 
the surface monolayer within the S.F. thermal region (analyzed by in-plane GIWAXS 
experiments). This disordered organization of the alkyl side-chains can result to the disks's 
influence, as randomly distributed aromatic cores are supposed to generate a cooperative effect on 
their own aliphatic substituents, alkyl sublayer components of the film surface. 

This research was achieved both at Hasylab as at LNLS (National Synchrotron Light Laboratory, 
Brazil). Financial supports have been brought by the Belgian National Science Foundation (FNRS) 
as by European Community. 
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InGaN/GaN quantum dots
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InGaN quantum structures embedded in GaN are widely used for optoelectronic application in the
blue spectral region. They can, in principle, also be used in the green region, by increasing the In
concentration. However, this implies a more pronounced quantum confined Stark effect [1] that
decreases the recombination rate of charge carriers in quantum-well structures and, hence, dimin-
ishes the performance. This problem can be avoided using quantum dot structures, which offer
additional advantages like lower laser threshold current densities [2] and higher optical material
gain [3]. An increased In concentration leads to another challenge, as there is a strong tendency for
phase separation into very In-rich and into In-depleted material. Recently, a sophisticated metal-
organic vapor-phase epitaxial (MOVPE) growth technique has been developed to overcome this
problem [4, 5]. This approach consists of a first deposition step with a high In content, followed
by a second step with a low In concentration, deposited at the same temperature. Finally, a GaN
cap layer is grown at higher temperature. However, the formation process itself and the evolution
of the quantum dots during the individual growth stages are largely unknown.
Grazing-incidence x-ray diffraction was performed at the undulator beamline BW1, using a focused
monochromatic beam at 10.0 keV. A grazing angle of 1.0◦ was chosen, which is significantly above
the critical angle for total external reflection, in order to penetrate the cap layer, yet to supress
too much scattering from the bulk. Reciprocal space maps (RSMs) were recorded using a one-
dimensionally position sensitive detector (Mythen) in a z-axis diffractrometer setup.
Mapping different reflections with non-vanishing vertical (Q⊥) and lateral ( ~Q‖) scattering vector
component, all samples were found to be pseudomorphic, i. e. fully strained to the GaN lateral
lattice constant. Along the vertical direction, no clear indication for the presence of In-rich regions
was observed. As a typical result, however, we find satellite spots with hexagonal symmetry like
the ones shown in Fig. 1. Taking in-plane RSMs at different Q⊥ values, these satellite spots appear
at differnt distance from the crystal truncation rod (CTR) that is associated with the sample surface.
In Fig. 2, the relative Q‖ position of the satellite spots is plotted as a function of Q⊥. Obviously,
there is a linear relationship from which these satellite spots are identified as facets spots, i. e. they
originate from CTRs of inclined surface regions. From the RSMs shown in Fig. 1, it is clear that
the facets are tilted towards the {100} directions (which are perpendicular to the {12̄0} directions
indicated in the RSMs). The inclination angle can directly be derived from the slope in the plot in
Fig. 2. An average value of 59.4◦ is obtained, which together with the above-mentioned azimuthal
orientation allows to identify these facets as {101} facets. At present, it is not clear whether these
facets are located at InGaN/GaN interfaces or at the surface, and further investigations are needed.
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Figure 1: Reciprocal-space maps taken in the vicinity of the (102) reflection of a 6-fold quantum-dot stack
grown at 700◦C by MOVPE. Each map shows the intensity in a Q‖-Q‖ plane (hk-plane). Q⊥ increases from
top left to bottom right with l values ranging from 1.91 to 2.09. Note the hexagonal array of facet spots.
The horizontal streaks occurring at different positions in the maps are an artifact of the measurement. (They
occur when the sample is in Bragg condition and the Bragg reflected beam hits the detector slit blades).
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of Q‖ position of each facet spot in dependence on Q⊥. From the slope, the facet angle is determined.
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Photon-induced KLL Auger spectra of 3d metals measured using high energy resolution at resonant 

conditions for excitation are important for a better understanding of the excitation processes 

following K-shell hole creation as well as the effects of the local density of the unoccupied 

electronic states (surrounding the excited atom) on these processes.  Multiple electron scattering 

occurring in the bulk and surface regions of the metals during electron transport make, however, the 

extraction of accurate information on local electronic structure from such Auger spectra rather 

complicated. In order to reduce the distorting effects of electron scattering on the shape of the 

Auger lines significantly, experiments were performed on ultrathin metallic layers.  

 

A nano-film sample of less than 2 nm thickness was prepared in situ by evaporation of Mn onto a 

polished glassy carbon wafer which was degassed previously at 900 ºC for 1 min. During the 

evaporation the base pressure was kept below 9x10
-9

 mbar and the cleanliness of the evaporated Mn 

layer was proved by photoemission. High energy resolution measurements of the Mn KLL Auger 

spectra were performed with the Tunable High Energy XPS (THE XPS) instrument [1] at the BW2 

beamline (the instrument is equipped with a Scienta SES-200 hemispherical analyzer) using an 

electron energy resolution of 0.2 eV. The exciting photon beam was monochromatized by a Si (111) 

monochromator and focused onto the sample. The angle of photon incidence relative to the surface 

of the carbon wafer was chosen just below the critical angle of total external reflexion (about 0.4º) 

in order to maximize the signal from the metallic layer. The respective angle of electron emission 

was 45.6º relative to the surface. The THE XPS instrument provides optimum conditions (photon 

flux, energy resolution) for spectroscopy of deep core photo-and Auger electrons. Using this 

equipment, measurements of Auger Resonant Raman effects in resonantly excited KLL Auger 

spectra of 3d metals [2] as well as studies of threshold dynamics of KLL Auger satellites in 3d 

metals [3] have been performed recently. Electron spectra obtained from nanolayers exhibit a very 

significant reduction of the inelastic background and a strong increase in the peak to background 

ratios compared to those of bulk solids. This enhances the spectral details in the resonant spectra 

and - in addition - avoids spurious photoelectron peaks excited by the characteristic X-rays 

photoinduced internally in the sample.  

 

Figure 1 shows KLL Auger spectra excited from the Mn nanolayer using photon energies close to 

the K-threshold and also well above resonance. Respective resonant KLL Auger spectra of a Ni 

nanolayer, obtained earlier using similar conditions [4], are shown in Fig. 2, for comparison. It is 

observed that in the case of Mn the strong satellite structure appearing in the Ni KLL spectra (Sat. 1 

and Sat. 2) well above the K-absorption threshold [2] is completely missing, similar to the case of 

Co KLL spectra excited from a Co nanolayer [4]. Further studies are under way to elucidate the 

physical nature of these exciations.   
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Figure 1: Mn KLL Auger spectra photoexcited from a 2 nm thick Mn layer deposited on a glassy carbon 

substrate. The photon energy is referenced relative to the Mn-K absorption edge. 

 

Figure 2: Ni KLL Auger spectra obtained for a Ni nanolayer of ~ 1 nm thickness on a glassy carbon wafer. 
The photon energy is referenced relative to the Ni-K absorption edge [4]. 

The research leading to these results has received funding from the European Community's Seventh 
Framework Programme (FP7/2007-2013) under grant agreement n° 226716 as well as from the 
Hungarian project OTKA 67873. 
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Bundles between charged chains form due to short-ranged attraction between the polyelectrolyte 
molecules, the number of chains in a bundle is limited by the electrostatic repulsion between the 
aggregated chains. On salt addition, the amplitude and range of the electrostatic force decreases, and 
more chains are expected in a bundle. Recently, we found bundle formation in polyelectrolyte 
brushes [1]. The electrostatic repulsion was reduced by increasing the salt concentration in the 
solution, leading to more and shorter bundles. Bundle size and length are investigated using the 
vertically aligned and oriented chains of polyelectrolyte brushes. Polyelectrolyte brushes show two 
distinctly different regimes called ‘‘osmotic brush’’ and ‘‘salted brush,’’ respectively. In both 
phases, the ions compensating the polymer charges are found in the brush [2-4]. 

To test the idea that divalent counterions in the solution also promote bundle formation, 
experiments are performed. Monolayers at the air/water interface are prepared from amphiphilic 
diblock copolymers, consisting of a fluid hydrophobic (PEE, poly ethylene) and a polyelectrolyte 
block (PSS, poly styrene sulfonate) [1,2], PEE144PSS136. The hydrophilic block forms 
polyelectrolyte brushes [1,2]. To explore the lateral order, grazing incidence diffraction experiments 
(GID) were performed at BW1 in the liquid surfaces set-up. 

 

0.1 0.2 0.3

0.2

0.4

 

Q
z [

Å
-1
]

0.1 0.2 0.3

 

 

0.1 0.2 0.3

 

Q
z  [Å

-1]

0.1 0.2 0.3

0.2

0.4

Q
z [

Å
-1
]

 Qxy [Å
-1]

 

0.1 0.2 0.3

1×10-3M Cs+1×10-6M Sr2+

3×10-6M Sr2+1×10-5M Sr2+

 

1×10-3M Sr2+

Qxy [Å
-1]  

Figure 1: Small angle GID measurements of PEE144PSS136 brushes on subphases with divalent 
counterions Sr2+, measured at 1000 Å2/molecule. Also a diffraction peak on 1 mM CsCl is shown. 

Diffraction peaks measured with different concentrations of SrCl2 in the subphase are shown in 
Fig. 1. On monolayer compression, a shift to larger Qxy-values occurs, indicating a decrease of 
lattice distances. Always, the peak maximum occurs at Qz=0, suggesting a vertical alignment of the 
brushes. On compression, the out-of-plane peak width increases, indicating that the vertical length L 
of the ordered fraction of the chains within the brush decreases, even though the brush thickens [4]. 

The unit cell area Acell deduced from the GID measurements exceeds the molecular area AMol as 
determined from the isotherm, even assuming a close-packed two-dimensional lattice 
( 2(2 / 3)cellA d=  with d the distance deduced from the Bragg peaks). With increasing salt 
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concentration in the subphase, the deviation between Acell and AMol gets more pronounced, from a 
factor 2 (osmotically swollen brush with Cs+ counterions, cf. Fig. 2 and [1]) to a factor of about 8 
(1 mM SrCl2), cf. Fig. 2. Obviously, not the separation between single chains is measured but the 
distance between bundles consisting of at least 2 and up to 15 chains, depending on salt conditions.  
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Figure 2: Derived parameters – lattice constant (left) and bundle length (centre) form GID measurements of 
PEE144PSS136 brushes on subphases with divalent cations Sr2+ (cf. Fig. 1). Also plotted are values for the 

polyelectrolyte in the osmotic brush phase with monovalent counter ion Cs+ as reference. Right: Schematic 
of PSS bundles   

Already a concentration of 1 µM SrCl2 increases the number of chains per bundle slightly beyond 
two, the value obtained for a pure water subphase, and also for a subphase concentration of 0.1 M 
monovalent ions [1]. On further increase of the concentration of the divalent salt up to 1 mM, the 
number of chains per bundle increases, up to eight, a value obtained also with 0.2 or 0.3 M 
monovalent salt.  

The pronounced sensitivity to extremely small concentration of divalent ions is also found when the 
bundle length L is considered. At 1 µM divalent salt, the behaviour is very similar to salt-free 
solutions or 1 mM monovalent salt: on increase of the grafting density of the brush, the bundle 
shortens from 40 to 25 Å, an effect which is attributed to the increased counterion concentration 
which reduces the chain stiffening. However, already at 3 µM divalent salt, the bundle length is 
almost constant, and about 20 Å. It is no longer influenced by changes of the grafting density, or 
further increase of the divalent salt concentration. This value is assumed to be the minimum value, 
the persistence length is reduced to the value found for neutral polymers, no electrostatic intrachain 
repulsion induces chain stiffening. 

Concluding, the bundles observed with divalent ions causing the attraction between the chains is 
similar as found with monovalent salt, both concerning the number of chains per bundle, and the 
bundle length. However, the concentration of divalent salts is much reduced compared to 
monovalent salts, bundles formed in 1 mM divalent and 0.2 M monovalent salt are very similar. 
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The growth of rare-earth oxides on silicon surfaces has attracted a lot of interest in the last two
decades due to their numerous possible applications as superior high-k gate oxides in microelec-
tronics, ultra-thin insulators in superconductors and in chemical gas sensing. However, in general
epitaxial growth is impeded by the reactivity of the rare-earth metal with the silicon substrate, re-
sulting in the formation of amorphous silicide or silicate layers under oxidizing conditions at the
interface, which results in significantly decreased film quality. A promising approach to overcome
this technological challenge is the use of growth catalysts, so-called surfactants, which may offer a
handle to limit and, ultimately, suppress these unwanted chemical reactions. In this contribution, we
study the epitaxial growth of ultra-thin ceria films on Cl-terminated Si(111)-(1×1) by x-ray photo-
electron spectroscopy (XPS), x-ray standing waves (XSW), and grazing-incidence x-ray diffraction
(GIXRD) aiming at a full characterization of the morphology,structure and oxidation state of the
oxide film.
All experiments were performed at the insertion device beamlines BW1 (XPS, XSW) and BW2
(GIXRD). Clean and well-ordered Si(111)-(7×7) surfaces were prepared by thermal annealing of
RCA-etched silicon single crystals under ultrahigh-vacuum (UHV) conditions, thereby effectively
removing the chemically pre-deposited SiO2 layer. Subsequently, the surfaces were exposed to
Cl2 gas from an electrochemical source at a substrate temperature of 600◦C, which leads to effi-
cient surface passivation due to the occurrence of a bulk-terminated, (1×1)-reconstructed surface
with on-top chlorine atoms saturating the dangling bonds. Cerium metal was evaporated using a
home-built electron beam evaporator in an oxygen background of 1 × 10−7 mbar while keeping
the substrate at a temperature of 500◦C, resulting in the formation of ceria films exhibiting Ce2O3

stoichiometry as confirmed by XPS data for the Ce3d core level. As can readily be seen in Fig. 1,
the full photoelectron spectrum [1] can satisfactorily be fitted using Voigt functions for the main
Ce3+ components (u0, v0, u′, v′) including spin-orbit splitting, energy loss peaks (EL0, EL′) and
a suitable Tougaard-type background. This growth behaviorhas been found to persist in the sub-
strate temperature (450◦C – 550◦C) and oxygen partial pressure (p(O2) ≤ 2 × 10−7 mbar) regime
investigated, independent of actual film thickness. Furthermore, from the analysis of the Si1s and
Cl1s photoelectron spectra recorded before and after film growthit is concluded that upon ceria
formation chlorine segregates to the surface. These findings are consistent with the corresponding
Cl1s XSW data (not shown) that prove a change in adsorption site.
The crystallinity of the films was investigatedin situ by XSW using Ce3d and O1s photoelectrons
as secondary signal in (111) reflection geometry, yielding Fourier coefficientsfhkl

c
exp(2πiΦhkl

c
) of

f 111
Ce3d = 0.48, Φ111

Ce3d = 1.02 andf 111
O1s = 0.08, Φ111

O1s = 0.50, respectively. These values, in combi-
nation with theoretical modeling for few-nanometer thick films (the assumption of which will be
confirmed by GIXRD and X-ray reflectivity measurements (not shown)), are compatible with the
cubic Ce2O3(111) phase, i. e., the bixbyite structure, while the presence of the competing hexago-
nal Ce2O3(0001) phase seems very unlikely. Furthermore, by comparing Ce3d photoelectron and
CeLα fluorescence data non-dipole effects could be shown to be of only marginal influence for the
structural analysis.
Finally, we demonstrate that this reduced ceria phase will actually be transformed into a higher
oxidation state under ambient conditions at room temperature whereas the high degree of crystalline
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order is preserved. The Ce3d spectrum clearly exhibits the characteristic tell-tale signs of Ce4+

formation, e. g., the (u, v) doublet and the very prominent (u′′′, v′′′) components [2]. This finding
of a prevailing CeO2 fluorite phase is corroborated by the XRD and GIXRD results presented in
Fig. 2. In the (00l) crystal truncation rod data, pronounced oscillations arevisible, which prove, in
combination with the corresponding (01l) cut through reciprocal space, the existence of a 2.5 nm
crystalline ceria film of mainlyB-type orientation.
Summarizing, we have presented XPS, XSW, and GIXRD results that underline the suitability of
chlorine as a surfactant for the growth of high-quality ceria films on Si(111). A rigorous XSW anal-
ysis of few-layer thin ceria films, which would give unprecedented access to the atomic structure
of the interface, is still in progress.

Figure 1: Ce3d photoelectron spectra for as-prepared film under ultrahigh-vacuum conditions (left) and
post-oxidized at ambient conditions (right).
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Figure 2: Left: (00)-CTR for ceria film on Si(111) exposed to ambient conditions. Right: (01)-CTR obtained
for same sample.

References

[1] P. Burroughs, A. Hamnett, A. F. Orchard, and G. Thornton, Dalton Trans. 17, 1686 (1976).
[2] D. R. Mullins, S. H. Overbury, and D. R. Huntley, Surf. Sci. 409, 307 (1998).

-730-



Linear Nanoparticle Arrangements produced by Soft 
Imprint Lithography and Rotational GISAXS 

Experiment 

M.-I. Mattern, J. Perlich
1
, S. Fischer 

 
and A. Meyer 

Institute of Physical Chemistry, University of Hamburg, Grindelallee 117, 20146 Hamburg, Germany 

1HASYLAB / DESY, Notkestr. 86, 22603 Hamburg, Germany 

For the construction of functional nanodevices it is important to control the dimension and orientation of 
nanopatterns. We use the nanoimprint soft lithography to prepare linear arrangements of nanoparticles. [1] 
To obtain the linear pattern we apply masters of CD-R, DVD-R and BD-R structures and cover it by using 
poly(dimethylsilan) (PDMS) to mold stamps. [2] Furthermore it is possible to embed nanoparticles inside 
prestructured glass surfaces (Figure 1), which were obtained by the same imrpint technique. 

                

 

 Figure 1: SEM images of embedded FeOx-nanoparticles in linear prestructured glass-substrate with 
repeating units of 740 nm. 

 

After stripping the optical rewriteable media (CD-R, DVD-R and BD-R), the exposed structured were used 
for forming a negative replica in silicon stamps. These stamps were used to first form a structured glass 
substrate using tetramethyl orthosilicate (TMOS) as a precursor. In a second step, nanoparticles were 
embedded into the superstructure by means of dip-coating  (Figure 1). [3] 

We investigated nanostructured patterns with embedded FeOx-nanoparticles by using synchrotron radiation 
in GISAXS experiments at BW4 (HASYLAB/ DESY). The sample was rotated around its normal axis 
under incident angle of the x-ray beam onto the surface. 

Figure 2 shows the vertical reflections (qz) of the 1-D-lattice (superstructure) and horizontal reflections (qy) 
of the superlattice of embedded nanocrystals. 
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Figure 2: GISAXS patterns of the rotational experiment of embedded nanoparticle arrays into linear 
superstructures 

The vertical distance of the reflections depend on the repeating units of the superstructure at the constant 
incident angle of 0.6°. The distances between the reflections change by rotation (Figure 2, 3: in-plane cut). 
At 90° the vertical projection of the linear superstructure becomes small, which leads to larger distances in 
the reciprocal space, explained in the 3D-AFM-micrographs in Figure 2. 

 

Figure 3: Schematic description of a hexagonal arrangement of nanoparticles and how the primary beam 
passes the structure, out-of-plane and in-plane distribution 

Out of plane cuts (Figure 3, central) along qy at the critical angle of substrate give information about the 
type of arrangement and interparticle distance of the linear arrangements. At 0° (beam parallel to linear 
structure) the GISAXS image in Figure 2 shows nonpointed beam reflection. Although there are reflections 
in qy of the nanoparticles. At 30° and 60° the scattering position of the first qy-reflection changes due to the 
rotation of the 2D-hexagonal array. Figure 3 (left side) shows the different situations how the primary beam 
passes the hexagonal arrangements of nanoparticles. This explains the different distances between the 
reflections (qy) at 60° and 90°, shown in the out-of-plane intensity distribution. 
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We study experimentally the adsorption of charged polymers onto an oppositely charged surface. 
Theoretical calculations predict that semiflexible chains should align in a two-dimensional lamellar 
phase if the electrostatic repulsion between the chains as well as the electrostatic repulsion along the 
chains are large enough [1]. A lipid monolayer at the air/water interface is used to define a charged 
surface, by varying the area per molecule the surface charge is adjusted. When the two-dimensional 
lamellar phase was described for the first time [2] an artificial lipid with a very small head group is 
used (DODA), therefore the polyelectrolyte was attracted to the lipid both by electrostatic and 
hydrophobic forces. Therefore, the interaction of the alkyl chains determines the phase of DODA, 
this is very different from natural lipids with their large head group whose phase is determined by a 
balance between the hydrophilic and hydrophobic moieties [3]. However, for the DODA in the solid 
phase the diffraction peak of the polyelectrolyte exhibits a vertical structure: it is thought that the 
aligned polyelectrolyte chains beneath the lipid monolayer lead to a corrugation of the film/air 
interface. The periodicity of the corrugation is identical to the polyelectrolyte separation. Since 
vertically structured peaks are not often observed at the air/water interface, it is very useful to verify 
the model and vary the separation of the two peaks. 

As positively charged lipid 1,2-diXX-3-trimethylammonium-propane (TAP-XX) is used, the 
hydrophobic moiety is varied (TAP-14, TAP-16, TAP-18); the polyelectrolyte is PSS (Polystyrene-
sulfonate, Mw=77kDa). The lateral structures are studied with X-ray GID (Grazing Incidence 
Diffraction) experiments at BW1, in the liquid surfaces set-up.  
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Figure 1: Wide angle GID measurements of a TAP monolayers on a 10-5 monoMol/l PSS solution at 
20mN/m (top) and 40 mN/m (bottom). Alkyl chain length increases from 14 (left) to 18 (right). Subphase 

temperature is 10 °C for TAP-14, and 25 °C for the other two lipids. 
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As Fig. 1 shows, the alkyl tails are in an oblique phase, tilted with a slight azimuth distribution (the 
azimuth distribution is evidenced by the banana-like shape of the peaks). On compression, the tilt 
angle decreases, but it never reaches zero. The longer the alkyl chain is, the larger is the tilt angle.  

 

0.25 0.30
0.0

0.1

0.2

0.3

0.4

0.5

0.6

 

Q
z [

Å
-1
]

0.25 0.30

 

 

0.25 0.30

 

Q
z  [Å

-1]

0.1

0.2

0.3

0.4

0.5

0.6

0 1 2 3 4

z

14    16        18

I [a.u.]

 Q
z [

Å
-1
]

TAP-18: 40mN/mTAP-14: 40mN/m TAP-16: 40mN/m

0

10

20

Figure 2, top: Small angle GID measurements of TAP monolayers on a 10-5 monoMol/l PSS (77 kDa) 
solution at 40 mN/m, measured simultaneously with the wide angle GID shown in Fig. 1. Alkyl chain length 
increases from left (TAP-14) to right (TAP-18). Bottom, left: Qz-profile as observed at the maximum of Qxy. 
Centre: side view of the XX-TAP monolayer in the condensed phase, with adsorbed PSS chains which are 

described as horizontal cylinders. Right: Lateral Fourier transformation of the electron density ρdiff(z), 
showing the scattering centers, according to [2]. 

 

In contrast to PSS adsorbed to DODA, for XX-TAP no 2-dimensionl lamellar phase is observed if 
the lipid is in the fluid phase. Only, when the lipid is in the liquid condensed phase, and with wide 
angle GID alkyl chain order is observed (cf. Fig. 1), the 2-dimensional lamellar phase of PSS is 
found with small angle GID (cf. Fig. 2). One clearly observes two peaks along the Qz-axis. With 
increasing alkyl chain length, the z-separation of the peaks decreases. This is in agreement with our 
model [2], which describes the intensity of the vertical peaks according to A + B cos(QzL), with L as 
the thickness of the ordered moiety of the monolayer. First analysis yields that the vertical 
separation between the two scattering centres is 12.4, 13.6 and 18.1 Å, for TAP-14, TAP-16 and 
TAP-18, respectively. 

Concluding, we found the two-dimensional lamellar phase of adsorbed PSS, even if PSS adsorbs 
onto a hydrophilic oppositely charged surface. Again, this monolayer shows a corrugated film/air 
interface, with the same periodicity as the aligned PSS. Systematic variation of the thickness of the 
hydrophobic moiety leads to the expected changes of the peak separation in Qz-direction.  
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Ultrafast melting of a charge ordered state probed with FLASH
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The Free-Electron Laser in Hamburg (FLASH) generates highly brilliant, ultrashort, and coherent
pulses in the EUV and soft X-ray regime and thus enables fascinating experiments that are not
possible at any other source. Recently time-resolved pump-probe photoelectron spectroscopy on
solid surfaces at photon energies well above 100 eV has been added to that list. Various challenges
in the field of data acquisition and storage, intensity measurement, space-charge effects [1], as well
as timing and synchronization issues have been solved during previous beamtimes so that most re-
cently optical pump - FEL probe photoelectron spectroscopyon solid surfaces has become possible
with energy and time resolutions of 300 meV and 700 fs, respectively. This achievement opens up
intriguing possibilities in the study of ultrafast dynamics in condensed matter.
Our most recent experiments, performed on the correlated layered compound1T -TaS2, demon-

a b

4f5/2 4f7/2 4f5/2 4f7/2

Figure 1: Time-resolved Ta 4f core-level spectra for various pump-probe delays atT = 10 K. 3rd harmonic
FEL probe pulses (̄hω = 155 eV, τ = 160 fs) and optical pump pulses (λ = 800 nm,τ = 120 fs) were used
in the experiment. Optical pump fluences of 1.8 mJ/cm2 (a) and 2.5 mJ/cm2 (b) were used for excitation.
Solid black curves are fits to the spectra using a model function.

strate that core-level dynamics from the femtosecond up to the nanosecond timescale can be inves-
tigated at FLASH using photoelectron spectroscopy [2] and the ultrafast optical laser system.
Figure 1 shows the evolution of the Ta 4f core-level spectra of1T -TaS2 for various pump-probe
delays. Note that the Ta 4f7/2 and 4f5/2 peaks are split into peak doublets due to the presence of
a charge-density wave (CDW). The Ta 4f core levels are obviously influenced by the optical laser
on different timescales. The dominating effects in Fig. 1(b) are attributed to multi-photon emission

∗Present address: Helmholtz-Zentrum Berlin für Materialien und Energie, Institute for Methods and Instrumentation in Synchrotron Radiation
Research G-I2, 12489 Berlin and Institut für Physik und Astronomie, Universität Potsdam, 14476 Potsdam.
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induced space-charge effects and lattice heating. The former result in a transient shift of the spectra
towards lower binding energies due to the Coulomb repulsion, the latter causes a relaxation of the
suppressed Ta 4f splitting on a nanosecond timescale.
The transient changes in the Ta 4f spectra on a sub-picosecond timescale [Fig. 1(a)] is explored in
more detail in Fig. 2. A fast transient suppresssion and recovery (∼ 900 fs) of the CDW induced
Ta 4f splitting∆CDW is shown in Fig. 2(c). Simulations within the two-temperature model reveal
a strong correlation between the charge-order parameter∆CDW and the electron temperatureTe

[Figs. 2(c) and 2(d)] and suggest a fast thermal melting of the commensurate CDW into a domain-
like CDW state within 2 ps.

max

min

a b c d

Figure 2: (a) Time-resolved Ta 4f core-level spectra as a function of the pump-probe delay between -3 ps
and +12 ps, measured at a pump fluence of 1.8 mJ/cm2. The same experimental parameters as in Fig. 1
were used. The dashed box centered on -21.54 eV indicates where first-order sideband intensity of the Ta
4f7/2 level is to be expected. (b) Cross-correlation between the pump and probe pulses. The red curve
represents the photoemission intensity integrated over the energy interval marked in (a). The black curve is
a Gaussian fit. (c) Ta 4f splitting ∆CDW as a function of pump-probe delay (red curve), obtained by fitting
the spectra in (a) with a model function. The black curve is a fit to the red curve with a function composed
of an exponential and a Gaussian convolution representing the experimental time resolution. (d) Electron
temperatureTe as a function of pump-probe delay, as calculated from the two-temperature model (solid
curve). The dashed curve is obtained from the solid curve by aconvolution with a Gaussian representing the
experimental time resolution. The dotted line marks the equilibrium temperature at which a transition from
a long-range commensurate to a domain-like CDW state occurs.

The presented results clearly demonstrate the high potential of time-resolved solid-state photoelec-
tron spectroscopy at FLASH, a potential which can be expected to increase continuously as energy
and time resolutions are improving.
The authors wish to acknowledge the excellent support by theHASYLAB staff, in particular S.
Düsterer, N. Guerassimova, V. Rybnikov, N. Stojanovic, and R. Treusch.
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The partial replacement of oxygen by nitrogen has a strong impact on the electrical and optical 
properties of perovskite related oxides. For example, oxide perovskites containing transition 
elements with d0-configuration (Ti+4, Nb+5 etc.) are generally colorless while the corresponding 
oxynitride perovskites often show bright colors. This has led to the suggestion to use oxynitrides as 
pigments [1] or photocatalysts [2, 3]. In addition, we recently found that the incorporation of nitride 
ions results in a tremendous increase in electrical conductivity as well as dielectric permittivity by 
several orders of magnitude [4]. Figure 1 schematically shows the structural variations frequently 
observed for perovskite oxynitrides. 

Figure 1: Commonly found cubic, tetragonal and orthorhombic structures of oxynitride perovskites. Oxygen 
and nitrogen (red and green spheres) may be randomly distributed on the different crystallographic sites or 

may lead to an ordered arrangement.  

 
X-ray absorption spectroscopy is an excellent tool to investigate the electronic structure of 
transition elements. Especially the near-edge (XANES) region, which reflects transitions from core 
electrons to unoccupied states near the Fermi level, yields valuable information about the energy 
states of the d-orbitals. We have performed XANES investigations on a number of oxynitride 
perovskites. These measurements were carried out at beamlines E4, C, A1 and X in transmission 
mode at the respective K- or LIII-edges.  

For transition metals the most important features in the pre-edge absorption spectra are transitions 
to empty orbitals with dominating d-character. Since only transitions with Δl = ± 1 are dipole-
allowed, the direct 1s→3d transition can only be observed as a very small feature due to a 
quadrupole allowance (Figure 2). The main peaks in the pre-edge region result from band 
transitions, which are allowed because of a mixing between the metal-d and oxygen-p orbitals. Due 
to the crystal field splitting of the d-orbitals into sets of t2g and eg symmetry, two peaks are 
observed. From the left graph in Figure 2 it can be seen that for LaTiO2N the respective peaks shift 
to lower energy compared to the parent oxide LaTiO3.5. Two main effects are known to alter the 
energy of the transition, namely the valence shift and the chemical shift. The former reflects the 
influence of the formal oxidation state of the transition metal in a chemically identical surrounding, 
whereas the latter corresponds to the influence of chemically different neighbors while the formal 
charge remains unchanged. Both LaTiO3.5 and LaTiO2N contain Ti+4, so a valence shift is not 
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expected. It is, on the other hand, well known that the chemical shift increases with the ionicity of 
the bonds [5, 6]. Therefore, less electronegative anions will result in more covalent bonds and in 
turn in a reduced chemical shift. Our XANES results are therefore a direct experimental evidence 
for the more covalent character of the metal−N bond compared to the metal−O bond. As can further 
be seen from Figure 2, the eg-orbitals are much more affected than the t2g-orbitals. This is expected 
since the former are antibonding molecular orbitals resulting from the strong σ(d-p) interaction while 
the latter are basically non-bonding (apart from the weak π(d-p) overlap). 
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Figure 2 left: Ti-K XANES of LaTiO3.5 and LaTiO2N. In the inset the corresponding transitions are given. 
Right: Comparison of the Ta−LIII absorption spectra of SrTaO2N and SrTaO3.5. 

The chemical shift can also be observed at the LIII-edges, which are dominated by the very intense 
white lines resulting from dipole-allowed 2p-nd transitions. We compared the Ta-LIII absorption 
edges of a series oxynitrides and their corresponding oxides. As an example the right part of Figure 
2 compares the normalized Ta-LIII spectra of SrTaO2N and SrTaO3.5. For a quantitative analysis the 
first inflection points of the spectra were used for energy measure. The incorporation of two nitride 
ions in the TaO6 octahedra was found to lead to a shift of approximately 0.5 eV towards lower 
energies, in accordance to the anticipated behavior. In the case of LaTaO4/LaTaON2 the chemical 
shift is expected to be much larger since four of the oxygen ions replaced by nitride ions. The 
experimentally observed shift was in fact roughly twice as large as for the other oxynitrides [4]. 

The situation becomes more complicated when the incorporation of nitrogen leads to a change in 
the oxidation state of the transition metal. In such cases the valence shift and the chemical shift 
partly compensate each other. For the system SrMoO3-xNx a comparison of the edge positions with 
oxide Mo+4 and Mo+6 references lead to oxidation states of Mo significantly smaller than the ones 
calculated from the chemical composition (+4.62 vs. +5.03 for x = 1.05 and +4.52 vs. +5.19 for x = 
1.19) [7]. This finding clearly illustrates the competing effects of the valence shift and the chemical 
shift. When the chemical shift of ≈ 0.5 eV per nitrogen is taken into account, the oxidation states 
match very well [4]. 
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The sample studied is a silicon-on-insulator test structure especially made for an investigation of 

strain fields created by oxide at the oxide - silicon single crystal interfaces. In the wafer investigated 

there are rectangular and round cavities etched in the oxidized silicon substrate. The silicon oxide 

layer has a thickness of 1 µm. The cavities have a maximum width of 800 µm. After the wafer 

having been etched in the way described another silicon wafer is bonded to it. The bonded wafer is 

subsequently thinned to a thickness of 19.9 µm. Synchrotron x-ray topographs were made at the 

HASYLAB-DESY F1 topography station in the transmission geometry on high-resolution VRP-M 

films from Slavic with sample-to-film distances of 60 mm. The test structures of the sample were 

on the film side. The wafer was tilted 16 degrees about the horizontal [110]-axis in order to record 

the small-index 220, 400 and 111 reflections. The x-ray topographs were magnified with an optical 

microscope equipped with a digital camera.  

 

Figure 1. 220 transmission topograph of a silicon-on-insulator sample with cavities. 

Figure 1 shows a 220 large-area transmission topograph of the silicon-on-insulator sample. The 

rows of square and round cavities are the prominent features of the diffraction image. These images 

are interpreted as a result of strain produced by the oxide at the square and round cavity edges. The 

contrast follows the diffraction vector. 
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The other images observed in the topograph are the numerous small spots seen all over the 

topograph except for the cavities. Their contrast is evidently a result of the silicon oxide layer.  

Figure 2 a, b and c show three transmission section topographs made with a narrow ribbon-like beam limited 

to the width of 15 µmin the vertical direction. This x-ray beam hits the sample at the area where there 

are the two round cavities. The narrow black line is the kinematical diffraction image of the topmost 

thinned silicon wafer bent at the two round cavities. The dynamical diffraction image of the 

substrate shows the oxide-induced defects, the strained edges of the cavities and a few distorted 

interference fringes. 

a)  

b)  

c)  

Figure 2: a) 220, b) 111 and c) 400 transmission section topograph of a silicon-on-insulator sample 

with cavities. 
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High energy powder diffraction on iron oxide
nanoparticles
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The subject of this study were iron oxide nanoparticles thathad been synthesized to study possible
biomedical applications. The need to accurately determinethe size of these nanoparticle as function
of synthesis conditions is required to estimate their potential for the applications. A further impor-
tant aspect is to acertain that these iron oxide nanoparticles are pure substances in the maghemite
modification.
Due to the complexity of sample preparation, two samples could be investigated by high energy
X-ray diffraction experiments at BW5. Data were collected at 15K by use of the helium cryostat.
The wave length was set to 0.123Å. The data collection resulted in powder that could be used for
the determination of the pair distribution function (PDF) up to Q

max
=4π sin(Θ)/λ=14.6A−1.

Figure 1: Iron oxide pair distribution function. Experimental data in blue, calculated data in red. The
difference curve has been shifted for clarity.

Figure 1 shows the experimental and refined PDF for one of the samples. The sample can be
refined very well in the Maghemite structure (Fe3O4; P4332). The refinement was carried out
with the DISCUS package [1] and included the lattice constants, atom positions for both Fe and
O, where allowed by symmetry, the occupancy of the O(3) position, an overall isotropic B-value
and a nanoparticle diameter. The structural parameters allrefined to literature values, except for
the lattice constants as the experiments were carried out at15 K. The current samples refined to
diameters of 10 and 7 nm, which is well in the range of the intended diameters. The fit does not
indicate a significant size distribution.
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Refinements with other iron oxide an iron hydroxide phases did not yield a comparable fit. The
difference PDF for the Maghemite refinement does not indicate the presence of a seond impurity
phase.

Figure 2: Comparison between the Maghemite (thick line) andMagnetite Pdf in the distance range from 11
to 20Å.

A very significant result is the distinction of the current fitto a refinement with the Magnetite
structure (Fe3O4; Fd3m). Both structures are very similar, and a Rietveld refinement could not
allow a significant distinction. Both PDF refinement, give very similar overal agreements. There
are, however, a few significant differences between the two PDF as show in Fig. 2, most noticeable
at 11.5Å, 16 Å and at 18.5Å, which allow the distinction between these two phases
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Bi2WO6 is an important visible-light-driven photocatalyst and several synthetic protocols for 
hierarchically constructed Bi2WO6 microspheres consisting of individual nanoparticles have 
recently been reported. Polymer additives such as polyvinyl pyrrolidone (PVP) were widely used for 
the formation of such hierarchical nanoscale arrangements.[1-3] However, Bi2WO6 spheres can also 
be obtained without any templating polymers. In this template-free route, the initial pH of the 
hydrothermal system is the key factor that controls phase and morphology of the emerging 
products.[4, 5] The wide parameter window for the preparation of Bi2WO6 microspheres motivated us 
to perform in situ EDXRD studies in order to understand the mechanism of their template-free 
hydrothermal formation. Therefore, we monitored the hydrothermal synthesis of Bi2WO6 through in 
situ EDXRD experiments with special emphasis on the reaction temperature and the initial pH 
value. The growth rates and kinetic models were determined using standard literature models.[6] 
Higher synthesis temperatures reduced both the onset time and the half-life time of the 
crystallization process, whereas the growth profiles did not vary significantly with temperature. 
This observation indicates that the growth mechanism of the Bi2WO6 particles is not temperature-
dependent in the temperature range between 150 and 170 °C. Moreover, the values of the 
corresponding reaction exponents varied from 0.52 to 0.55 so that they agree well with a three-
dimensional diffusion-controlled growth model. When the initial pH is raised, both the onset and 
half-life time of the crystallization process of Bi2WO6 microspheres decrease as shown in Figure 
1b. In addition, a pH change from 1.3 to 4 modifies the reaction exponent from 0.52 to 0.7. 
Consequently, the reaction mechanism changes at pH values around 4 and this is reflected in a 
morphological change of the product: the Bi2WO6 microspheres disintegrate into the individual 
nanoplate building blocks at higher pH values. These results demonstrate that in situ EDXRD 
studies are well suited for the investigation of relationships between particle morphology and 
reaction kinetics and they are also essential to assign the most important reaction parameters. This 
has also been pointed out in our previous studies on hierarchically constructed W/Mo-oxides.[7]  

 

               

 

Figure 1: Representative SEM image of hierarchical Bi2WO6 microspheres (a) extent of reaction α versus 
reaction time for reflection (260) recorded at diffraction pH values (b).  

 

-743-



References 
 

[1] L. S. Zhang, W. Z. Wang, L. Zhou, H. L. Xu, Small 2007, 3, 1618. 
[2] J. Wu, F. Duan, Y. Zheng, Y. Xie, J. Phys. Chem. C 2007, 111, 12866. 
[3] S. W. Liu, J. G. Yu, J. Solid State Chem. 2008, 181, 1048. 
[4] Y. Zhou, K. Vuille, A. Heel, G. R. Patzke, Z. Anorg. Allg. Chem. 2009, 635, 1848. 
[5] L. H. Zhang, W. Z. Wang, Z. G. Chen, L. Zhou, H. L. Xu, W. Zhu, J. Mater. Chem. 2007, 17,  
2526. 
[6] M. Avrami, J. Chem. Phys. 1941, 9, 177. 
[7] Y. Zhou, N. Pienack, W. Bensch, G. R. Patzke, Small 2009, 5, 1978. 
 

 

-744-



Section topography study of structural properties of 

GaN films grown on sapphire 

P. T. Törmä1, S. Sintonen, T. O. Tuomi, P. Kostamo,  P. J. McNally2, L. O´Reilly2 and C. 

Paulmann3  

Department of Micro and Nanosciences, Aalto University, P.O. Box 13500, FI-00076 AALTO, Finland 

1OptoGaN Oy, Tietotie 3, FI-02150, Finland 

2RINCE, Dublin City University, Dublin 9, Ireland 

3HASYLAB-DESY, Notkestrasse 85, D-22603 Hamburg, Germany 

The GaN films were grown by metal organic vapor phase epitaxy on sapphire substrates using 

ammonia and trimethylgallium as precursors. The substrates were patterned by etching with an acid 

mixture. One of the patterns contains holes in sapphire (HS) and the other pattern is an inverted 

version having pillars on sapphire (PS). A reference sample (CS) was grown on conventional 

sapphire. 

Figure 1 shows transmission section topographs of the CS, HS and PS samples. Diffraction vectors 

in the topographs are perpendicular to the c-axes of the lattices. Recording of such topographs was 

made possible by rotating the samples 6° about an axis coincident with the plane section of the 

sample surface and the diffracting plane. Thus, the Bragg angle for these reflections is θB =  6°. For 

this geometry distances in the c-axis direction are shortened by tan 2θB/cosθB≈0.21, whereas 

distances measured in directions perpendicular to c-axis remain the same. This effectively makes 

the images of 430 µm thick sapphire substrates in the topographs of Fig. 1 to appear only about 100 

µm thick. The GaN epilayer images have translated slightly above the substrate image and are 

completely visible in the topographs. 

It can be observed from Fig. 1 that GaN epilayer in the reference CS and the HS sample have the 

thinnest epilayer images compared to the substrate image thickness in the section topographs. 

Meanwhile PS sample has a pretty weak and broad epilayer image which can be interpreted as a 

sign of lower crystal quality. The sharp boundaries between the defected areas disappear, as the 

images of the dislocations between the small-angle boundaries near the PS substrate/GaN interface 

are so numerous that their combined intensity is visible as a grey and indistinct intensity distribution 

rather than as sharp-edged contrast changes between the grains. Also the existence of two different 

lattice constant regions in the GaN film in the PS sample explains the broadening of the topograph. 

[1] 
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Figure 1: X-ray section topographs from GaN films grown on(a)CS,(b)HS and (c)PS substrates. E and B letters 

describe the epitaxial and backside of the substrate, respectively. 
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Spectroscopic properties of sol-gel prepared hafnia 

S. Lange1, V. Kiisk1, and I. Sildos1 

1Institute of physics University of Tartu, Riia 142, 50014, Estonia 

The aim of the studies carried out at beamline „I“ in Hasylab facility was to investigate the spectroscopic 
properties of sol-gel prepared nanocrystalline hafnia and hafnia-silica powders. The sol-gel route for 
preparation of composites mentioned inherently causes quite unexpected phase mixtures and defects to be 
present in otherwise known crystalline systems. In this situation the feedback from spectroscopic 
measurements is badly needed to understand the structure, defect content and their origin. In present study 
the emission bands of the samples were determined at different excitation energies as well as the excitation 
spectra of the most prominent emission band features. Additional temperature dependent changes in spectral 
features of the samples were recorded to investigate the fine structure of defect related emission. 

 
 

Figure 1: The PL spectrum of HfO2 and the corresponding excitation spectra for 2.4 eV and 4.0 eV emission 
bands. 

Present study revealed the presence of quite known self trapped exciton emission at ~4.0 eV (slightly shifted 
to the red) in the sol-gel prepared hafnia (see figure 1). Additionally a broad oxygen vacancy related 
emission band was observed at ~2.4 eV. While the excitonic emission was expectedly most efficiently 
excited through band-to-band absorption (>5.8 eV), the defect related band revealed substantial excitation 
band at ~ 4.2 eV. Based on a comparison to a recent theoretical evaluation of oxygen vacancy 
species in monoclinic hafnia [1] it is proposed that the excitation band it due to optical transitions 
from valence band to singly-ionized vacancy (at 4.67 eV) or doubly-ionized vacancy (at 4.91 eV) 
leading to the 2.4 eV emission. 
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Figure 2: Temperature dependence of the center position of the 2.4eV emission band. 

Additionally the 2.4 eV emission band showed unusual non-monotonic jump-like blue shift at around 140K 
indicating a temperature assisted change in surrounding of the emitting defect. It is proposed that the cause 
for jump-like behavior may be phase transition or configurational change in the emitting entity. Similar 
centre has also been found in sol-gel prepared zirconia meanig that it is common between the two oxides. 
The results of the work have been published [V. Kiisk et. al. Physica B, 2009, article in press]. 
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The luminescence of Gd3+ ions in SrAlF5 host crystal 
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Our report presents results of the study of the electronic excitation dynamics, radiative relaxation 
and energy transport in the Gd3+-doped SrAlF5 (SAF) single crystals. The SAF crystals have a high 
potential for applications as non-linear UV/VUV optical material [1, 2]. Properties of undoped SAF 
crystals have been studied earlier and the value of energy gap is found to be ~12.7 eV [3]. The 
luminescence and energy transport in Ce3+-doped SrAlF5 crystal were also studied [4]. The present 
study was carried out by the means of time-resolved luminescence spectroscopy in VUV region.  
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Figure 1: Time-integrated PL emission spectra (left) and PL excitation spectra (right) of SAF:Gd at T=10 K. 
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Figure 2: Time-resolved PL excitation spectra Eem=5.63 eV of SAF:Gd at T=10 K (left) and at various 
emission energies at T=290 K (right). The fast time window length was 9 ns, delay relative to the exciting SR-

pulse – 1,5 ns. Reflection spectrum of undoped SAF crystal is presented for reference from [3]. Inset: PL 
emission spectra at Eexc=10.7 eV at T=290 K.  

Time-resolved and -integrated photoluminescence (PL) spectra (in the range of 2-6 eV), PL 
excitation spectra (in the range of 6-20 eV), and the decay kinetics of PL were recorded for SAF:Gd 
crystals at the SUPERLUMI station (Beamline I). The 0.3 m ARC SpectraPro-308i spectrometer 
equipped with the CCD camera for PL spectra recording and R6358P (Hamamatsu) PMT for PL 
excitation spectra were used as registration system. The PL excitation spectra were corrected using 
sodium salicylate as a standard. All the examined single crystals were grown from the corresponding 
metal fluorides at the Institute of Geology & Mineralogy (Novosibirsk, Russia). The Gd3+ 
concentration (in melt) was 0.5 mass %.  
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PL emission spectra of SAF:Gd at T=10 K are presented at Fig.1, and at T=290 K in the inset of 
Fig. 2. The well-known 312 nm (3.95 eV) emission of Gd3+ ions due to the 6P7/2 – 8S7/2 radiative 
transition in 4f7 configuration is clearly observed in spectra. However, its direct excitation efficiency 
is negligible below 7 eV. At low temperatures, broad luminescence band peaked at 5.63 eV was 
revealed, which can be excited through higher lying 4f transitions (Fig.2, left). While excitation 
energy is increased above 8 eV, the fast components (1=2.5 ns, 2=10 ns at Eexc = 11 eV) appear in 
the PL decay curve of this band. The wide band around 11 eV in the excitation spectrum is assigned 
to the 4f7 – 4f65d1 interconfigurational transition of Gd3+, because its energetic position is in 
agreement with the estimate according to the methodology [5] using the data on Ce3+ 4f-5d 
transitions in SAF reported in [4]. Moreover, this energy is below exciton creation region (see 
reflection spectrum on Figure 2). The interpretation of the band at 9.5 eV needs additional studies. 
Either it can be due to transitions to high lying levels in 4f7 configuration or it is the charge transfer 
transition, which is well-known for Eu3+ doped compounds [5]. Data about such transitions for 
various rare earth ions is collected in Ref [5], but due to high expected charge transfer transitions 
energies for Gd3+, so far no solid evidences have been listed. It is not fully excluded that host defect 
absorption may play also role in the formation of this excitation band. The 5.63 eV emission is 
practically not excited by any energy transfer mechanisms in the intrinsic absorption of SAF.  

The strong 312 nm emission of Gd3+ ions appears only when exciting photon energy is in the range 
of absorption of lattice defects (7-11 eV). The emission bands in the region of 2.7 - 3.0 eV are the 
result of the luminescence of defects of host, and the excitation spectra of these bands and that of 
312 nm emission are in good correlation. This points to the mechanism of resonance energy transfer 
from the lattice defects to dopant ions, in the similar manner as it was proposed for Ce3+ [4]. Despite 
that there is no strong evidence for the direct transitions 8S7/2 – 6Ij of Gd3+ ions (in the energy range 
of 4.35 – 4.45 eV) in the excitation spectra, the absorbed energy can be transferred to these levels 
from the excited state of defects. It has been shown in [3] that undoped SAF has a broad band 
emission peaked at 4.5 eV, which overlaps with above mentioned 4f7 states of Gd3+. 

The self-trapped exciton (STE) emission was not identified in pure SAF [3]. STE luminescence band 
was found in SAF:Ce, partly overlapped with Ce3+ emission [4], what caused a problem in its exact 
spectral positioning. In Gd-doped SAF these difficulties vanished, and the band with maximum at 3.7 
eV can be confidently assigned to STE. Its excitation spectrum is presented on Figure 1 (right) 
demonstrating the best excitation efficiency in the intrinsic absorption of SAF. However, this broad 
luminescence has a sufficient overlap with the defect emission, resulting in respective excitation 
features in the transparency range of the host from 7 to 11 eV. The Gd3+ lines are absent in the 
emission spectrum excited by 12.65 eV photons at T=10 K (Figure 1, left), so energy transfer to 
Gd3+ is inefficient at low temperatures. However, at T=290 K, when STE emission is quenched and 
where is no overlap with Gd3+ absorption, the excitation spectrum of 3.97 eV shows rise of intensity 
in the band-to-band transitions region (>12 eV). Thus, energy transfer processes populate the 6P7/2  
level of Gd3+, wherefrom 312 nm emission takes place. 
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Synchrotron X-ray topography of
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Previous studies have shown that GaInP layers grown epitaxially on Ge substrates by metal organic
vapor phase epitaxy (MOVPE) often contain arrowhead-shaped defects [1]. However, similar ar-
rowhead defects are not present if the GaInP layers are grownby MOVPE on GaAs substrates [2]
or on top of GaAs buffer layers grown on Ge substrates [3]. In this work, we have used synchrotron
radiation X-ray topography (SR-XRT) [4, 5] at F1 topographystation of HASYLAB-DESY for
studying the arrowhead defects on GaInP layers on Ge. The topographs were recorded on Geola
VRP-M high-resolution films using transmission and back-reflection geometries.

Two GaInP epitaxial layers were grown on commercial Ge substrates with 6◦ miscut angle towards
〈111〉. The GaInP layers were lattice-matched to the Ge substrates, and the epitaxial layer thick-
nesses were about1 µm in both cases. Both of the samples contain arrowhead defects, but the
defect density of sample A is much higher than that of sample B.

Figures 1 a) and b) show large-area transmission topographsof GaInP samples A and B, respec-
tively. Neither of the topographs show any misfit dislocations in the GaInP epilayers. The to-
pograph of sample A in Fig. 1 a) has large contrast variations, which are likely produced by the
numerous arrowhead and other defects in the GaInP epilayer.The high defect density of sample A
produces such strong strain fields in the GaInP epilayer thatthe images of individual defects cannot
be resolved. Moreover, the large contrast variations indicate that some small-angle grain boundaries
with minimal tilt are likely present in the GaInP layer of sample A.

According to the topograph of sample B in Fig. 1 b) the defect density of sample B is considerably
smaller than that of sample A. The most striking features in Fig. 1 b) are the two large black dots
with white arcs immediately above. These features are knownto be images of strain fields produced
by pyramid defects within the GaInP layer [3]. The topographalso contains a number of faint dark
dots with lighter contrast above them, which are interpreted as another type of strain field images,

a)

100 µm

b)

100 µm

Figure 1: Large-area transmission topographs of GaInP samples a) A and b) B.
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a)

100 µm

b)

100 µm

Figure 2: Large-area back-reflection topographs of GaInP samples a) A and b) B.

albeit with weaker contrast than the images produced by the pyramid defects. These additional
defect images are likely produced by the more numerous arrowhead defects in the GaInP epilayer.

Large-area back-reflection topographs of samples A and B in Figs. 2 a) and b) have surprisingly
minor differences between them, which indicates that despite the significantly higher defect density
of the epilayer the overall surface structure of sample A resembles that of sample B. Even in sam-
ple B, the overall lattice defect density appears to be somewhat higher than that of similar GaInP
layers grown on GaAs buffer layers on Ge (see e.g. [3]), but the difference is rather minor.

The topographs in this work reveal two interesting facts about the defect structure of the GaInP
layers grown directly on Ge. First, the truncated pyramid defects are observed to produce distinct
strain field images that are almost identical to those seen inthe presence of a GaAs buffer. Second,
the arrowhead defects, which are not present if a GaAs bufferlayer is used, produce weak but
identifiable strain field images in the topographs of the GaInP samples grown on Ge.
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Most of the tri-positive lanthanide ions, Ln3+, possess interconfigurational 4fN – 4fN−15d electronic 
transitions in the ultraviolet and vacuum ultraviolet (VUV) spectral regions. Due to applications of 
Ln3+ doped materials for ultraviolet lasers, scintillators, quantum cutters and VUV or x-ray 
phosphors, the Ln3+ excitation and emission spectra have recently attracted much attention. In the 
present work, VUV excitation spectra at ~10 K have been recorded for interconfigurational 4fN → 
4fN-15d transitions of Cs2NaYF6:Ln3+ (Ln = Nd, Sm, Eu, Gd, Tb, Ho, Er, Tm). In this wide band 
gap hexafluoroelpasolite host the lanthanide ions occupy octahedral symmetry sites. Due to energy 
level degeneracies of up to fourfold, and restrictive Oh point group selection rules, the 
interconfigurational spectra were expected to be simpler than for lower symmetry hosts such as 
LiYF4, although this was not found to be so. The spectra comprise broad, structured bands and in 
most cases the individual vibronic structure is not resolved. 

The measurements of single crystals were performed at the SUPERLUMI station of HASYLAB, 
using synchrotron radiation from the DORIS storage ring for excitation in the spectral range 70 – 
280 nm. The Cs2NaYF6 single crystals doped with Nd3+ (nominal concentration 1.0 atom %), Sm3+ 
(3%), Eu3+ (0.3%), Gd3+ (6.0, 30.0 and 50.0%), Tb3+ (1.0%), Ho3+ (10.0%), Er3+ (10%), and Tm3+ 
(1%) were synthesized under hydrothermal conditions.  

The lanthanide ions of the second half of the series possess both spin-forbidden and spin-allowed 4f 
– 5d transitions (or transitions to both high-spin and low-spin 5d states). In Fig.1 the excitation 
spectrum of Tb3+ 5D4 – 7F5 emission at 541 nm is shown as an example for Cs2NaYF6:Tb3+ at 12.6 
K. Mainly the spin-forbidden group of bands is observed as a structured group between 245-267 
nm. The total intensity saturation of the bands between 224-201 nm is indicative of transitions to 
the terminal low-spin states. Then there is a spectral window until the next group of bands at higher 
energy commences at 174 nm. The host excitation starts at ≤ 120 nm. Simulations of the relative 
intensities and band positions in the spectra have been made by using parameter values from 
previous studies and/or by employing values from similar systems or estimating trends across the 
lanthanide series, without data fitting or parameter adjustments [2]. The agreement with 
experimental results is reasonable except where the luminescent state being monitored is not 
efficiently populated non-radiatively from the 4fN−15d state, or where additional bands are present. 
The latter ones are readily assigned to charge transfer transitions or to those due to host excitation 
(near-excitonic) band. 

Emission spectra at ~10 K of Cs2NaYF6:Ln3+ (Ln = Nd, Sm, Eu, Gd, Tb, Ho, Er, Tm) have been 
also studied. The highest energy intra-configurational emission is from 2G(2)9/2 (Nd3+), 4G5/2 
(Sm3+), 5D0 (Eu3+), 6P7/2 (Gd3+), 5D3 (Tb3+), 5G4 (Ho3+), 2F(2)7/2 (Er3+), and 3P0 (Tm3+). Detailed 
energy level assignments have been given for Ln = Sm, Gd, and partly Nd, whereas the remaining 
spectra are assigned as multiplet–multiplet transitions [2]. As an example, in Fig.2 the emission 
spectrum excited at 219.5 nm of Cs2NaYF6:Tb3+ at 12.3 K is shown which is due to intra-
configurational transitions from the lowest level of Tb3+ 5D3 and 5D4 multiplets. Inter-
configurational 5d → 4f radiative transitions were only observed for Nd3+, Er3+ and Tm3+, but not 
for Sm3+, Eu3+, Gd3+, Tb3+ and Ho3+. The complex 4fN energy level schemes of Sm3+, Eu3+, Tb3+ 
and Ho3+ permit facile non-radiative decay from 4fN-15d levels. The missing 5d – 4f emission from 
Gd3+ in the elpasolite host can be due to smaller band-gap energy than in other studied fluorides 
where this emission has been observed before. 
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Figure 1: Excitation spectrum of Cs2NaYF6:Tb3+ at 12.6 K monitoring 5D4 – 7F5 emission at 541 nm. 
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Figure 2: Emission spectrum excited at 219.5 nm of Cs2NaYF6:Tb3+ at 12.3 K between 200 - 740 nm. Some 
of the terminal electronic states are marked. Stars indicate transitions from 5D3 and others from 5D4 state. 
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Perovskite-related oxynitrides of the general composition ABO3-xNx are known since the mid-
eighties [1]. Recently, unusual high dielectric permittivities (ε > 103) were observed for a number 
of oxynitrides [2]. These high ε-values were found to be almost independent of temperature and 
frequency. Since diffraction experiments show that the respective compounds crystallize in centro-
symmetric space groups (e.g. Figure 1) it has been argued that the large dielectric constants result 
from local dipoles due to different metal–nitrogen and metal–oxygen bond lengths [3].  

To address this question we performed EXAFS measurements at the K- and LIII-edges of the 
transition metals of different samples including SrTaO2N, SrNbO2N, LaTiO2N, NdTiO2N, and 
LaTaON2. Depending on the edge energies these measurements were carried out at beamlines E4, 
C1, A1 and X1 in transmission mode. 

 

Figure 1: Section of the crystal structure of SrNbO2N (space group I4/mcm) as derived from powder neutron 
diffraction viewed along the c-axis (left) and almost along the a-axis (right). Displacement parameters are 

shown at the 90 % probability level. Numbers indicate the fractional O/N site occupation factors for a slowly 
cooled and a quenched sample (upper and lower values, respectively). 

 

As an example, Figure 2 depicts the absorption spectrum of SrTaO2N at the Ta-LIII edge, the 
extracted EXAFS function χ(k)k2 and its Fourier transform. The first coordination sphere, which 
corresponds to the Ta–(O,N)6 unit, was fitted using different models. In all trials the total 
coordination number was fixed to six. The simplest description by 6 identical atoms resulted in an 
unusual large Debye-Waller factor and a poor fit. Including an anharmonicity (3rd cumulant) did 
not significantly increase the quality of the fit. This indicates that the applied model was 
insufficient. For this reason, a two-shell model was used. Since in SrTaO2N every Ta ion is 
surrounded by 4 oxygen and 2 nitrogen ions, two different distances were considered and the 
coordination numbers were fixed to 4 and 2, respectively. To reduce the number of free parameters, 
equal Debye-Waller factors and E0 values were used for both shells. The resulting distances of the 
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two backscattering shells differ significantly by about 0.1 Å, in good agreement with theoretical 
calculations [4] and EXAFS results from a different group [3]. The average bond length agrees very 
well with values derived from diffraction techniques. It is noteworthy that due to the almost 
identical backscattering amplitudes and phase shifts of oxygen and nitrogen the results remain 
basically the same if N and O are exchanged: We found two shorter and four longer bonds (with a 
difference of roughly 0.1 Å) for all possible atomic combinations (2·N+4·O; 2·N+4·N, 2·O+4·O, 
and 2·O+4·N). The assignment of the shorter distance to the Ta–N bond was done on the basis of 
plausibility and should not be considered a proof. Nevertheless, from our results it follows that 
different bond lengths can indeed be the origin of the high permittivities found for oxynitride 
perovskites. 

Since neutron diffraction indicate almost equal Ta−(O,N) distances [5-7], it can furthermore be 
concluded that only on the local scale the Ta−N distance is significant shorter than the Ta−O 
distance, while on the larger scale relevant for diffraction experiments the differences average out.  
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Figure 2 left: Normalized X-ray absorption spectrum of SrTaO2N (top) and extracted k2-weighted EXAFS 
function (bottom). Right: Fourier transform and fit of the first coordination shell. 
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In the previous study, it was shown that synchrotron X-ray topography provides excellent means to 
predict the leakage current rate of epitaxial GaAs structures. The good and bad areas on wafers were 
clearly identified by the densities of dislocations of three different types. In this study, a more 
systematic approach was taken in order to better evaluate the growth uniformity in a hydride vapor 
phase epitaxy (HVPE) reactor. 

The maximum sample size of this particular HVPE reactor is 50x100 mm
2
. For this study, several 

50x100 mm
2
 GaAs substrates were prepared and this allows mapping the growth uniformity over 

the entire growth zone very precisely. The epitaxial layers are ~200 µm thick and consist of a p-i-n 
structure. 

Synchrotron x-ray topographs were made at the HASYLAB-DESY F1 topography station in back-
reflection geometry on high-resolution VRP-M films from Slavic with sample-to-film distances of 
60 mm. The wafer was tilted 6 degrees about the horizontal [110]-axis in order to record also the 
004 reflection. The x-ray topographs were magnified with an optical microscope equipped with a 
digital camera.  

 

Figure 1. 004 back reflection topographs of epitaxial GaAs structures. Projection of the diffraction 

vector is pointing directly upwards. 
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Figure 1 shows back reflection topographs of one epitaxial wafer. The exact position of the 

synchrotron beam on the sample holder was recorded and thus each of the measurement spots can 

be located with a good precision on the wafer. All the lines and dots in these topographs correspond 

to individual dislocations and qualitatively it is easy to see that the crystal quality and defect 

structure vary significantly over the wafer. It was observed that even along a 3mm distance the 

defect density can reduce to more than half from what it was in the worse side of the measured area.  

 

Figure 2. Photograph of the D155 epitaxial sample. The photograph is showing the positions of the 
topographs shown in figure 1. 

The strong correlation of the dislocation density to the position on the wafers suggests that that the 
reactor geometry plays a crucial role. Temperature profile, non-uniform gas flow or both of them 
combined can account to the dislocation formation. The data obtained in this study will be 
compared with the design parameters of the reactor to identify the most likely reason for the non-
uniform growth. At the moment the reactor geometry is fixed except sample position in the reactor. 
However, if the temperature profile is identified to cause the observed problems, modifications to 
the heater element can be done. 
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In oxide heterostructures like e.g. LaAlO3/SrTiO3 (LAO/STO) new physics can occur at the inter-
face. In case of LAO/STO, conducting behavior is observed if more than four monolayers (ML) of
LAO are grown on STO, although both compound materials are band insulators. Mechanisms like
electronic reconstruction or oxygen vacancies are currently discussed as possible explanation for
this conducting layer [1, 2, 3, 4].
We have performed Hard X-Ray Photoemission Spectroscopy at beamline BW2 on several LAO/STO
samples. The samples were grown by pulsed laser deposition using different background growth
pressures. LAO thicknesses were varied between two and six monolayers. A clear dependence of
the conductivity (van der Pauw) on the growth pressure was observed.

Figure 1: (left panel) Ti 2p core level of LAO/STO samples grown applying different oxygen pressures.
(right panel) A sketch of the photoemission process on LAO/STO heterostructures.

Utilizing hard x-rays it is possible to overcome the surface sensitivity of normal photoemission and
analyze the buried interfaces of these heterostructures. In Fig.1 (left panel) the Ti 2p3/2 core level
spectra of the LAO/STO samples are shown. Indicated are the Ti4+ and Ti3+ components of this
core level, which are separated by a chemical shift of 2.2 eV. The inset shows a close-up of the
Ti3+ region. A clear dependence of the Ti3+ content on the growth pressure is visible. Thereby, the
sample grown at the highest oxygen partial pressure shows the lowest Ti3+ content, whereas the
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samples grown at the lowest pressure shows the highest Ti3+ signal. Note that the sample grown at
10−1mbar shows only very little Ti3+ compared to a STO reference sample. A comparison of the
Ti 2p spectra of samples with a different LAO thicknesses clearly show that a thickness dependent
switching of the conductivity only works for samples grown at a pressure of 10−3mbar.
Furthermore we performed angle dependent measurements on all samples (see Fig.1, right panel)
This so-called non-destructive depth profiling enables the vertical mapping of the Ti3+ content
in the STO substrate. It turns out that the Ti3+/Ti4+ ratio increases for more surface sensitive
measurements. From this we conclude that the Ti3+ is confined to the interface region of the
sample. Comparing the samples grown at a pressure of 10−5 mbar and 10−3 mbar, the Ti3+ layer is
more confined for the sample grown at 10−3 mbar. An explanation for this behavior could be that
for the sample grown at 10−5 mbar oxygen vacancies, which are randomly distributed all over the
substrate are the main source of the Ti3+ valence state. This is also supported by a high Ti3+/Ti4+

ratio in the two ML sample grown at 10−5mbar. Turning back to the sample grown at 10−3mbar the
thickness of the Ti3+ containing layer can be estimated to be about 4ML. As the 2ML LAO/STO
samples show only very little to none Ti3+ (if grown at 10−3 mbar), oxygen vacancies play only
a minor role. The samples grown at 10−1 mbar show no variation of the Ti3+/Ti4+ ratio in angle
dependent measurements, independent of the overlayer thickness. Further analysis of this sample
in terms of interface roughness will be carried out.
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The phenomenon of self-trapping of excitons is established mechanism of transformation of 
absorbed energy in wide-gap crystals. Model objects for wide-bandgap oxides (Eg> 9 eV) with 
lowered crystal symmetry are binary oxides BeO, α-Al2O3, and α-SiO2, which are of considerable 
importance for both fundamental and applied physics. Self-trapped excitons (STEs) were 
discovered and investigated in all mentioned crystals. STEs we discovered in complex oxides 
Al2BeO4, Be2SiO4 and Be3Al2Si6O18 too [1]. The crystal lattices of the complex oxides Al2BeO4, 
Be2SiO4  exhibit motifs (weakly distorted BeO4 and SiO4 tetrahedra and AlO6 octahedra) that are 
typical of the parent crystal-forming  compounds, namely, beryllium, aluminum, and silicon oxides. 
As a result, the scenarios of formation and the structure of the relaxed electronic excitations 
(associated with local lattice fragments) may turn out to be similar for binary and complex oxides. 
At the same time, structural units of Be3Al2Si6O18 are represented only distorted SiO4 tetrahedra but 
neighbouring surrounding of Be and Al ions is regular. The present work is devoted to search of the 
differences in the STE’s luminescence of Al2BeO4, Be2SiO4 and Be3Al2Si6O18 crystals.  

Complex oxide crystals  were grown from a solution in a melt spontaneously or with seeding using 
directional crystallization method by V.A.Maslov and G.V.Bukin at the Institute of Geology and 
Geophysics, Siberian Branch of Russian Academy of Sciences. X-ray luminescence spectra (LS) 
(2.5 – 8 eV) and luminescence excitation spectra (LES) (45-150 eV)  at different temperatures  
were measured on BW3 channel of DORIS synchrotron (HASYLAB, DESY, Hamburg). The 
luminescence was excited using Zeiss SX700 monochromator (average spectral resolution is 0.04 
eV for energy range of 45-150 eV). The LES were corrected for the equal number of the exciting 
photons. LS at 2.5-8 eV was registered by means of 0.4 m vacuum Seya-Namioka monochromator 
coupled to MCP 1645 (Hamamatsu). 

Measured LES and LS are presented in Fig.1-4. X-ray luminescence spectra are not elementary for 
all investigated crystals. Different components of observed intrinsic emission were attributed to 
different STE types in [1]. Dominant luminescence components demonstrate thermal quenching in 
the same temperature range 100-200 К. At the same time, we found both expressed minimums 
corresponding to the L-edge of aluminium absorption and K-edge of beryllium absorption in  LES 
of Al2BeO4 crystal (figure 1). In the LES of Be2SiO4 crystal minimum corresponding to the K-edge 
of beryllium absorption is more expressed in comparison with the minimum corresponding to the 
L-edge of silicon absorption. At last, we didn’t find minimum corresponding to the L-edge of 
aluminium absorption in the LES of Be3Al2Si6O18 crystal. In last case minimum corresponding to 
the K-edge of beryllium absorption is weakly expressed in comparison with those in  Al2BeO4 and 
Be2SiO4 crystals.  

The character of X-ray luminescence temperature dependences in studied crystals (Figures 2-4) 
doesn’t contradict to conclusion made in [1] about intrinsic nature of observed emissions. In 
particular, known STE luminescence 6.7 eV in BeO crystal demonstrates thermal quenching after 
160 K too [2]. At the same time the structure of LES gives a possibility to discuss the plausible 
mechanisms of self-trapping of excitons in different crystals. In Al2BeO4 and Be2SiO4 crystals all 
structural units are distorted. In LES of these crystals we obtained the peculiarities in the energy 
range of the shell-edge of absorption of both lattice’s cations.  In contrary, in Be3Al2Si6O18 crystal a 
lot of structural units are regular. Simultaneously, in LES of Be3Al2Si6O18 crystal we didn’t 
obtained L-edge of aluminium absorption and K-edge of beryllium absorption is weakly expressed. 
These facts are in agreement with known experimental results testify that STEs were obtained only 
in oxides with lowered symmetry of lattice.  
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So, analysis of the structure observed in the energy range of the shell-edge of absorption of atoms 
present in the crystal is effective method for studying of mechanisms of transformation of absorbed 
energy in complex oxides.   
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Figure 1: Luminescence excitation spectra of 5.2 eV 
emission in Al2BeO4 crystal (1) and 3.5 eV 
emission in Be2SiO4(2) and Be3Al2Si6O18 (3) 
crystals, T=10 K. 

Figure 2: Temperature dependence of the luminescence 
in Be2SiO4 crystal at  Еex=130 eV.  
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Figure 3: Temperature dependence of the 
luminescence in Al2BeO4 crystal at     
Еexc=130 eV. 

Figure 4: Temperature dependence of the luminescence 
in Al3Be2Si6O18 crystal at  Еexc=130 eV. 
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Outstanding physico-chemical properties like stiffness, thermal conductivity, chemical stability, and 
erosion resistance reccommend diamond as ideal reinforcement phase in composite materials. Such 
composites benefit from high thermal conductivity and Young's modulus values close to the one for 
single crystal diamond and were developed during the recent past for tribology (cutting tools) and 
thermal management applications for high power electronics. The formation of interface phases as 
well as their chemical and thermal stability is critical for the performance of diamond composites. 
Metal/diamond composites are often prepared by powder  metallurgical methods like hot-pressing. 
This implies the exposure of the powder mixtures to high temperatures (close to 1000°C) for up to 
about 1 hour. During densification, brittle carbide phases may form at the metal/diamond interface. 
Diamonds may also be structurally damaged by the eventual conversion of diamond to graphite at 
the diamond surfaces. Such detrimental effects may show up later during exploitation, whenever 
repeated thermomechanical loads apply during the thermal cycling of the composite materials. 

Solutions to the above problems were sought mainly by inhibiting carbide phase formation through 
rapid heating techniques (spark plasma sintering, microwave heating) or by providing the diamonds 
with suitable protection layers (diamond conditioning). Both approaches are still in their initial 
phase of development for different metal/diamond composites. Tayloring of the metal/diamond 
interface with respect to its chemistry, crystal structure and thermal expansion behaviour is then of 
major importance for this class of composites and their applications. The research objective of this 
investigation was thus set to clarify the analysis of the alloy chemistry and its evolution during 
thermal treatments and/or under pressure, as well as the characterization of the nucleation processes 
at the metal/diamond interface and their kinetics.  

Time-resolved in situ synchrotron radiation experiments were performed at the MAX80 station at the F2.1 
beamline to investigate the high-temperature infiltration of diamond powders with molten Al or Cu under 
moderate pressures not exceeding 2 GPa. Energy-dispersive diffraction patterns were collected every 60s 
during the infiltration with pure aluminium or copper (Fig. 1). The infiltration experiments were repeated 
for different heating rates, dwell time above the melting point and applied pressure (between 2 to 8 kbar).  

  

Figure 1: Time-resolved XRD during diamond infiltration of diamond with pure Al (left) and Cu (right). 
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As shown in Fig. 1, both the metal melting event as well as the process of recrystallization during cooling 
could be well-resolved in the present experiments. The data analysis is still in progress. A central problem 
of this investigation was to examine the eventual formation of carbide phases during melt infiltration. For 
this purpose, a few infiltrated specimens were selected for high-energy angular dispersive X-ray diffraction 
experiments at the BW5 beamline. After removal of the BN cylinders, the measurements were performed in 
transmission using a radiation wavelength λ = 0.012327 nm (Fig. 2) 

 
 

Figure 2: High-energy transmission diffraction pattern of Al-infiltrated diamond composite. 

A first analysis of the HE-XRD patterns provided evidence on the formation of both Al-carbide Al4C3 and 
graphite phases for certain infiltration conditions. A detailed analysis of the data is in progress. 

This work was supported by HASYLAB (Project I-20080233 EC) and by the European Commission 

(contract ELISA 226716). 
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PrNi is a singlet ground state system that undergoes transition to a ferromagnetic ordered state at 
the T~21K. Crystal field (CF) and exchange interactions play an important role in the formation of 
the induced order [1]. CeNi is a mixed valence system with nonmagnetic ground state and strong 
spin fluctuations (Tsf~125 K [2]). It has the same crystal structure as PrNi. The magnetic – 
nonmagnetic transition occurs at very low Pr ion concentration x~0.15 for PrxCe1-xNi series (e.g. in 
comparison with PrxLa1-xNi series xcritical ~ 0.5). The sample Pr0.25Ce0.75Ni has the transition 
temperature to magnetically ordered state TC~5K. The preliminary experiments on inelastic neutron 
scattering show that the mechanism of transition to magnetically ordered state is different for PrNi 
and Pr0.25Ce0.75Ni. Apparently the intermediate valence state of Ce ions plays important role to the 
ordering mechanism. Thus the studies of the valence state of Ce ions for a number of diluted alloys 
PrxCe1-xNi with x in the range 0.25-0.85 and its temperature dependence using XANES will 
facilitate in understanding the nature of the magnetic phase transitions. 

We used the XANES spectroscopy techniques to clarify local electronic structure of PrxCe1-xNi 
compounds. 

X-ray absorption measurements for the LIII-Ce edge were performed at beamline E4 of the DORIS-
III storage ring at HASYLAB. Spectra were recorded in fluorescent mode with LN2-cooled 7-pixel 
Grasham Sirius detector. Liquid helium flow cryostat was used for low temperature measurements 
in the range of 10300 K. The samples under study represent themselves as 5x5 mm single crystals 
coated with paraffin due to fast oxidation in open air. 

In order to compensate the instrumental broadening of the monochromator and to minimize the 
influence of statistical noise, especially on low-Ce samples, we have applied the deconvolution 
procedure as described in [3] before XANES analysis. Data procession and estimation of the cerium 
ions valence was made in VIPER & XANDA software [4] environment. First-principle theoretical 
spectra of Ce LIII absorption edge in CeNi were calculated with FEFF 8.20 [5]. 

Figure 1 demonstrates the LIII-Ce XANES spectra in Pr0.25Ce0.75Ni. Relative amplitudes of the white 
lines corresponding to Ce

3+
 and Ce

4+
 absorption tend to change with temperature, reflecting the 

mean valence attenuation with heating. Minor distortion of the white line at 5740 eV does not refer 
to the electronic structure, but most probably is a multiple scattering feature as it is seen on 
calculated spectra as well. Comparison of PrxCe1-xNi LIII-Ce XANES spectral shapes for samples 
with different composition is shown on figure 2. Strong white line of cerium absorption in 
Pr0.85Ce0.15Ni is similar to the compositions with no valence instabilities and empty 5d-band. 
Indeed, our calculations confirm the integer 3+ value of Ce valence at room temperature and very 
little admixture (2-3%) of 4+ at 10 K. 

As for temperature dependence of cerium valence in Pr0.25Ce0.75Ni, it appears slightly lower than in 
pure CeNi and decreases from 3.13 at 10K to 3.09 at 300K repeating all significant features of the 
parent CeNi temperature behavior [6].  

So, we can conclude that PrxCe1-xNi alloys in non-magnetic region behave similarly to pure CeNi at 
x=0.25, while at x=0.85 intermediate valence state is almost totally suppressed, that proves the 
coherent nature of its origin.  

This work was supported by RFBR (grant 08-02-00759-a). 
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Fig. 1: LIII - Ce XANES in Pr0.25Ce0.75Ni Fig. 2: LIII - Ce XANES in PrxCe1-xNi at 10 K 
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The Ce-doped lithium lanthanide borates present a class of new scintillators. The Li6Gd(BO3)3:Ce 
(LGBO:Ce) incorporate three of the popular neutron absorbing nuclei with high cross-sections (B, 
Li and Gd) and, consequently, is considered as a potential material for low-energy neutron 
detection. The investigation of luminescent and scintillation characteristics of LGBO:Ce materials 
in bulk or powder forms was carried out early [1-3]. The present work is devoted to studying the 
properties of firstly produced LGBO:Ce fibers. 

LGBO:Ce fibers (samples kv, tv1,tv2 and tv3) were produced using Micro Pulling Down method at 
Université Lyon 1 (France). LGBO:Ce_kv sample with 0.5% Ce concentration was synthesized at 
argon atmosphere, while other fibers (tv1,tv2 and tv3 ones with 0.1%, 0.5% and 1.0% Ce 
concentration respectively) were produced in air. After producing fibers with 0.1%Ce (i.e. kv and 
tv1 samples) were exposed to heat treatment at 600

 
ºС for 15 hours at argon atmosphere. X-ray 

luminescence spectra (LS) (2.5 – 5 eV), luminescence excitation spectra (LES) (45-250 eV) and 
luminescence kinetics at T=10 K and 300 K were measured on BW3 channel of DORIS 
synchrotron (HASYLAB, DESY, Hamburg). The luminescence was excited using Zeiss SX700 
monochromator (average spectral resolution is 0.04 eV for energy range of 45-250 eV). The LES 
were corrected for the equal number of the exciting photons. LS at 2.5-5 eV was registered by 
means of 0.4 m vacuum Seya-Namioka monochromator coupled to MCP 1645 (Hamamatsu). 

LS and LES measured at 300 K are presented in Fig. 1-3. X-ray luminescence spectra are not 
elementary ones. We tried to decompose them on Gaussian components and satisfactory 
approximation was carried out only in case of four fitting curves (the example of such 
decomposition for LGBO:Ce_kv and LGBO:Ce_tv1 samples is shown in Fig. 3). Taking into 
account that cerium luminescence derived from emitting transitions from 5d-excited state to 4f-
ground state split by spin-orbital interaction, we should conclude the existence of at least two non-
equivalent cerium Ce

3+
 positions. This fact is confirmed by discrepancy between luminescence 

kinetics measured in different points of spectrum (Fig. 4). 

LES profile (Fig. 2) gives a possibility to discuss the plausible mechanisms of energy transfer in 
studied materials. So, for LES of LGBO:Ce fibers the typical structure at N-edge of absorption of 
gadolinium ions (energy range of 140-175 eV) and K-edge of absorption of boron ions (resonance 
at 193 eV) is well-outlined. At the same time we have not observed any spectral features at the area 
of expected K-edge of absorption of lithium ions (near 55 eV). The mechanism of Gd→Ce energy 
transfer in Gd-contained materials is well-known [4]. But the presence of well-outlined resonance at 
193 eV indicates the boron ions participation in the process of energy transfer too. In last case we 
are likely to deal with excitonic mechanism of energy migration with intermediate creation of 
relaxed electronic excitation on boron-oxygen planes, probably near impurity center, and following 
energy transfer to this center. 

The profile of X-ray luminescence spectra (Fig. 1) allows to conclude that among LGBO:Ce fiber 
samples the most effective energy transfer by Gd→Ce channel take place for LGBO:Ce_kv sample 
since in this case we have not observed intrinsic gadolinium luminescence. Luminescence 
excitation spectra (Fig. 3) confirm this statement as it is LGBO:Ce_kv sample that has the deepest 
gap in LES at the area of N-edge of absorption of gadolinium ions. One more argument in favour of 
our statement is profile of luminescence kinetics for different LGBO:Ce fiber samples. Only for 
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LGBO:Ce_kv sample we have not observed the rise stage leading to increasing of decay time (and 
consequently, degradation of scintillation properties) in case of other fiber samples. 
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Figure 1: X-ray luminescence spectra of LGBO:Ce at 
Еex=130 eV, T=300 K. 

Figure 2: Luminescence excitation spectra of LGBO:Ce 
for Еem=3.2 eV, T = 300 K. 
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Figure 3: X-ray luminescence spectra of LGBO-Ce_kv 

and LGBO-Ce_tv1 (inset) fibers at 
Еex=130 eV. 

Figure 4: Luminescence kinetics of LGBO:Ce_kv fiber at 
Еex=130 eV and Еex=450 eV for Еem=2.8 eV 
and Еem=3.2 eV, Т=300 К. 
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The scintillation material 
6
Li2O-MgO-SiO2-Ce

3+
 was developed at the Vavilov State Optical 

Institute and intended for registration of thermal neutrons [1,2]. This compound has a high radiation 
resistance, light yield and neutron sensitivity. Thermal neutrons are detected by the reaction 
6
Li(n,α)

3
H. The reaction products – α-particles – cause 60 ns scintillation in glass. Recently, the 

fibers based on this scintillation glass were produced. The investigation of luminescent properties of 
6
Li-fibers is carried out in the present work. 

6
Li-fibers were produced using special polished blocks from 

6
Li2O-MgO-SiO2-Ce

3+
 material in a 

bulk form. These blocks were put in resistance furnace with graphite heater in the form of a 
cylindrical ring and purified argon flow was run through the internal space of heater. Synthesized 
fibers contain 0.8 mol.% Ce (calculated for CeO2) and 22.5 to 30 mol.% Li (in the form of Li2O). 
X-ray luminescence spectra (LS) (2.5 – 5 eV), luminescence excitation spectra (LES) (45-250 eV) 
and luminescence kinetics at T=10 K and 300 K were measured on BW3 channel of DORIS 
synchrotron (HASYLAB, DESY, Hamburg). The luminescence was excited using Zeiss SX700 
monochromator (average spectral resolution is 0.04 eV for energy range of 45-250 eV). The LES 
were corrected for the equal number of the exciting photons. LS at 2.5-5 eV was registered by 
means of 0.4 m vacuum Seya-Namioka monochromator coupled to MCP 1645 (Hamamatsu). 
Optical absorption spectra of 

6
Li-based fibers were measured at T=300 K using UV-Visible Helios 

Alpha spectrophotometer. The pulse excitation with electrons of 140 keV was carried out using 
pulsed electron source. 

X-ray luminescence spectrum of 
6
Li-based fiber at Еex=130 eV is presented in Fig.1 and is not 

elementary one. Satisfactory decomposition on Gaussian components was carried out only by four 
fitting curves (inset in Fig.1). Taking into account that luminescence derived from d-f transitions in 
cerium, we should conclude the existence of at least two non-equivalent cerium Ce

3+
 positions. The 

analyzing of luminescence excitation spectra profile (Fig. 2) allows to discuss the mechanisms of 
energy transfer in 

6
Li-based fibers. We have observed a well-outlined structure at the energy range 

100-135 eV, and the first resonance has the energy more than one of L-edge of absorption of free 
silicon ions (99.42 eV).  The observed structure was investigated for silicates, and particularly, is 
associated with the presence of unfilled molecular orbitals of different type (s-, p- and d-type) in 
silicon-oxygen tetrahedron [3]. It is necessary to note that we firstly observed for Si-contained 
materials so well-outlined resonance at L-edge of absorption of silicon ions that testify to a high 
efficiency of energy transfer channel «silicon-oxygen tetrahedrons→Ce». 

The decay kinetic (Fig. 3) measured for 3.2 eV at 130 eV excitation include several components – 
extremely short (<1 ns and 4.5 ns) and one of 26 ns. The latter decay time is likely to be associated 
with cerium emission. The substantial weight of short decay times gives rise to consider 

6
Li-based 

fibers as effective scintillator in terms of temporal resolution. However, under pulse excitation with 
electrons of 140 keV the decay times increased up to 83 ns. 

The results of optical absorption and X-ray luminescence spectra measurements are shown in Fig. 4. 
They indicate the long-wavelength edge of absorption spectra and cerium emission spectra are 
overlapped. Therefore, partial reabsorption of impurity luminescence is probable, and we should 
consider that as disadvantage in terms of using this material as efficient scintillator. To overcome 
this drawback is proposed to vary the chemical mixture of 

6
Li-based fibers for the purpose of 

optical absorption spectrum shift to short-wavelength region. 
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Figure 1: X-ray luminescence spectra of 
6
Li-based 

fibers at Еex=130 eV, T=300 K. 
Figure 2: Luminescence excitation spectra of 

6
Li-based 

fibers for Еem=3.2 eV, T = 300 K. 
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Figure 3: Luminescence kinetics of 

6
Li-based fibers 

for Еem=3.2 eV at Еex=138 eV and 
Еex=140 keV, Т=300 К. 

Figure 4: Comparison of absorption (1) and X-ray 
luminescence (2) spectra of 

6
Li-based fibers 

at T=300 K. 
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Studying magnetic structures[1, 2] by means of Non-Resonant X-ray Magnetic Scattering (NRXMS)
has shown some advantages as compared to neutron scatteringsince it is possible to separate spin
and angular momenta from the scattered intensities. This isdue to the matrix elements appearing
in the non-resonant cross section[3], which depend in different ways on the scattering geometry,
photon energy and initial and final polarization states of the x-ray beam.
In this report, hard x-ray diffraction (E = 100 keV) was performed on the iron borate system
GdFe3(BO3)4. It was found that when the iron spins align themselves in theab-plane below TN , a
superlattice peak seven orders of magnitude weaker than themain Bragg (0,0,3) reflection and with
Miller indices (0,0,1.5) appears. Detailed analysis of thescattering cross section at high energies,
reveals that, NRXMS events are observable when components of the spin magnetic moment (S) are
perpendicular to the scattering plane. This is indeed the case of the observed superlattice reflection.

Figure 1: Integrated intensity of the diffracted peaks as a function ofq. The calculated intensities from the
structure factors were normalized with respect to the observed reflections for comparison. The normalization
factor is the same for both the structural and the superlattice reflections.

In order to verify the nature of the observed reflections, we performed measurements of theq-
dependence of the intensity of both the structural(0, 0, 3l) Bragg reflections and of the(0, 0, 3l ±
1.5) reflections (see Fig. 1). As a function ofq the measured intensity of the structural Bragg re-
flections (filled squares) evolves as is expected from structure factor calculations1 (filled triangles).

1The charge and magnetic form factors were calculated using the tabulated magnetic and charge form factors re-
ported in the international tables of crystallography [4].The atom positions were obtained from single crystal x-ray
diffraction (SCXRD) measurements performed at T=100K, using a Bruker Kappa APEX II diffractometer with Mo
Kα1 radiation. The data was refined using the program SHELX [5]. The magnetic structure factor was calculated
taking into account only the Fe atoms, since these are the ones which have the major contribution to the magnetization,
and assumingS = 5/2.
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One can see that even at largeq values the charge reflections are still strong. A much fasterdecrease
of intensity with increasingq is expected for magnetic reflections as is shown in the figure by the
open diamonds, which agrees well with the observed intensities of the(0, 0, 3l ± 1.5) reflections
and thus allows to unambiguously identify the peak as magnetic.

Figure 2: Azimuth dependence of the magnetic (0,0,1.5) reflection in GdFe3(BO3)4. The magnetic intensities
were normalized with respect to the (0,0,3) Bragg reflection.

Measurements at different azimuth angles atq = (0, 0, 1.5) are presented in Fig. 2. Since the in-
tegrated intensity of the magnetic peak shows a constant azimuth dependence, only two possible
scenarios can be determined from the experiment. First an equally populated domain structure,
where the three equivalent domains in the basal plane are rotated 120◦ relative to each other. Figure
2 shows the expected signal for the three different domains and the red line refers to the summa-
tion of the three domain signals. The second possible reasonof such azimuth dependence is the
formation of a spin spiral as suggested from neutron diffraction data [6]. The present results proofs
NRXMS as important technique to study the magnetic structure of magnetic materials.
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Strong magnetoelastic coupling in CrOCl
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The compounds MOX (M = Ti, V, Cr; X = Cl, Br) are isostructural and crystallize in the orthorhom-
bic FeOCl structure-type with space group Pmmn. TiOCl and TiOBr have recently attracted in-
terest, because of their properties related to the presence of quasi-one-dimensional (1D) S = 1/2
magnetic chains of Ti atoms [1, 2]. Upon cooling, TiOCl undergoes two phase transitions. Below
Tc2 = 90 K the crystal structure is incommensurately modulated [3, 4]; below Tc1 = 67 K a twofold
superstructure exists, which has been interpreted as a spin-Peierls state [1, 5]. Both transitions
are accompanied by anomalies in the magnetic susceptibility, which indicate the development of
magnetic order at low temperatures. TiOBr exhibits a similar series of phase transitions [6].

VOCl (S = 1) undergoes one phase transition at TN = 80.5 (5) K towards a state of antiferro-
magnetic (AF) order at low temperatures [7]. Employing synchrotron radiation at beamline D3
of Hasylab, we have recently found that the magnetic transition is accompanied by a monoclinic
lattice distortion [2, 8]. This finding indicates a strong magnetoelastic coupling in VOCl, and it has
profound consequences for the interpretation of the twofold magnetic superstructure [8, 9].

CrOCl (S = 3/2) undergoes one phase transition towards an AF state with a fourfold magnetic
supercell [10]. In previous work the orthorhombic lattice symmetry was assumed to persists down
into the magnetically ordered state [10]. We have measured temperature-dependent X-ray diffrac-
tion with synchrotron radiation at beamline D3 of Hasylab, which has revealed the development of
a monoclinic lattice distortion at the first-order magnetic transition at TN = 13.5 K.

Single-crystal X-ray diffraction with synchrotron radiation has been performed between room tem-
perature and T = 8 K on the four-circle Huber diffractometer at beamline D3 of Hasylab. So-called
ω–2θ maps have been measured at selected temperatures for the reflections (02̄5), (204) and (22̄0).
Narrow detector slits of 6× 0.02 mm2, corresponding to an acceptance angle of of 0.0031◦ into the
direction of 2θ, thus allow the accurate measurement of very narrow profiles of Bragg reflections.
All three reflections appear as single maxima in the ω–2θ maps down to T = 15 K, indicative for
orthorhombic lattice symmetry. A splitting in 2θ of any of the chosen reflections would indicate
the presence of a twinned monoclinic crystal with a monoclinic angle of α, β or γ, respectively.
We have found that (0 2̄ 5) is split below TN = 13.5 K in both 2θ and ω (Fig. 1). This shows that
the lattice is monoclinic with a unique a-axis in the magnetically ordered state. The magnitude of
α has been derived from the splitting of the (0 2̄ 5) reflection. Its temperature dependence clearly
shows the magneto-elastic phase transition to be of first order (Fig. 2).

Figure 1: Diffracted intensity as a function of the scattering angle 2θ and the crystal orientation ω for selected
reflections. Δ2θ and Δω indicate the deviation from the center of the scan in units of 0.01◦. Figure taken
from [11].

While a splitting in 2θ might have been obtained by powder diffraction experiments, any splitting
in ω can only be observed in single-crystal diffraction. At T = 9 K we have found that (2 0 4) is
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Figure 2: Temperature dependence of the monoclinic angle α as calculated from the observed splitting in 2θ
of the reflection (0 2̄ 5) (see Fig. 1). α = 0◦ for T > TN = 13.5 K. Figure taken from [11].

split in ω, while (2 2̄ 0) remains sharp (Fig. 1). These results show that the monoclinic distortion is
achieved through a rotation of the b-axis as opposed to a rotation of the c-axis. The single-crystal
X-ray diffraction experiments at beamline D3 thus have shown that the monoclinic lattice distortion
is achieved by distortions of each single layer, which is the required mode of distortion for lifting
the frustration for AF order on the orthorhombic lattice. This is strong evidence that shows that the
monoclinic distortion is driven by the magnetic order [11].

In a second experiment, q-scans along b∗ have been performed for selected reflections. Superlattice
reflections indicate a nuclear modulation for T < TN with a wavevector of qX = (0, 1/2, 0) that
is two times the wavevector of the magnetic superstructure. Again, this can be understood as
a structural distortion driven by the AF magnetic order. Based on the results of experiments at
beamline D3 of Hasylab on TiOCl, VOCl and CrOCl a model has been developed that explains the
different behaviors of these isostructural compounds in terms of different orbital order [11].
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Introduction 
 

A powerful tool for preparing inorganic thin film compounds is the PLD method (Pulsed 
Laser Deposition). The properties of PLD deposited films can be controlled by the process 
parameters. For instance, the crystallization fraction is a function of the substrate temperature, 
and the stoichiometry can be affected by using different reactive or inert gas atmospheres. 
Often films with an amorphous structure and a high non-stoichiometry show very interesting 
properties. A recent example is amorphous and non-stoichiometric gallium oxide, where an 
insulator-metal transition can be induced by annealing the samples at about 400 °C [1]. 
We have prepared new barium zirconium oxide compounds by means of PLD from 
polycrystalline BaZrO3 targets. All samples were deposited on amorphous SiO2-substrates 
with different degrees of crystallization and different non-stoichiometries. Films prepared at 
low process temperatures and in reducing gas atmospheres should lead to the interesting 
combination of an amorphous structure and a highly non-stoichiometric composition. Here we 
report on the structural and chemical properties of these films investigated by X-ray 
absorption spectroscopy and electron probe micro analysis. 
 
Film Properties 
 

The as-prepared films of barium zirconium oxide have dense and smooth surfaces, show 
different colorations, and are stable in air atmosphere at RT. In contrast, the films prepared in 
argon at temperatures below 300 °C react already in air at RT and change their color during 
the reaction from black to white over a period of  ~60 h (see Fig. 1). 
 

   
Figure 1:  Pictures of a barium zirconium oxide film after preparation  

and after 2 and 18 hours reaction in air. 

 as prepared                       after 2 h                         after 18 h 

 
EPMA analysis has shown that the films prepared at room temperature in Ar atmosphere 
possess a big oxygen deficit, represented by the formula BaZrO3-x (x ~ 0.6). So, these films 
have a huge driving force for oxygen incorporation. A detailed analysis has shown that the 
discoloration is a result of the reaction with air humidity. While the oxygen is incorporated 
into the bulk, hydrogen desorbs as hydrogen gas [2]: 
 

BaZrO3-x   +   x H2O    →    BaZrO3   +   x H2  

H2O   +   V0
••   +   2e-    →    O0

x   +   H2   
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EXAFS Analysis 
 

The Ba and Zr K absorption edges were measured at beamline C at synchrotron DORIS. Raw 
data analysis of the EXAFS signal at both edges shows that the crystallinity of the samples is 
strongly dependent on the process temperature. In the EXAFS-RDF at both edges one can see 
that at higher temperatures the intensity of the second and third coordination shell increases 
drastically, which indicates a higher structural order (crystallinity). Samples prepared at 
temperatures below 500 °C do not show any short range order behind the first coordination 
shell.  
In the RDFs extracted from the Ba K edge one can see that the first coordination shell shifts to 
smaller distances in the amorphous samples. So, the high Ba-O distance (d ~ 2.9 Å) in the 
perovskite structure of crystalline BaZrO3 decreases in the amorphous samples to a distance 
of ~2.5 Å. As a consequence of this, the structure – especially the oxygen coordination 
polyhedron around Ba – changes drastically.  
Analysis of the spectra of films which are not stable in air atmosphere showed that during the 
re-oxidation reaction the amplitude of the first peak in the RDF at both the Ba and the Zr K 
edges increases. This can be interpreted in terms of more neighbour atoms around Ba and Zr 
in the first coordination shell. These result confirms the assumption of oxygen vacancies in 
the highly oxygen deficient barium zirconium oxide bulk. 
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Figure 2:  Radial EXAFS distribution functions of different barium zirconium oxide  

samples extracted from Zr K edge (left) and Ba K edge (right) spectra. 
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Figure 3:  Radial EXAFS distribution functions extracted from Zr K edge (left) and Ba K 

edge (right) spectra before and after the reaction with air humidity. 
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A detailed understanding of growth processes is essential for the defined production of 
nanostructures. Beside the ex-situ analytics, the in-situ observation of the actual growth status is 
desirable. The aim of this project is the in-situ diagnostics of the crystal growth of SiGe/Si islands 
grown by liquid phase epitaxy (LPE). An advantage of LPE is the vicinity to the thermodynamic 
equilibrium, which allows very regular structures. In our case the final structures are nanoscale 
truncated pyramids with {111} side facets and a (001) top facet [1].  

To observe the crystal growth from the liquid phase a growth chamber was constructed which 
allows monitoring the crystal growth at a synchrotron beamline. Pre-processed samples afford the 
growth under N2-atmosphere (instead of H2, which is normally used for LPE). The island evolution 
is probed with x-ray diffraction methods from the backside of a thin silicon substrate (20-25µm), 
which floats on the melt [2]. Because of the liquid melt, we cannot tilt our sample to change the 
angle of incidence. Therefore, the x-ray beam has to be deflected to the required Bragg angle. A 
first setup was realized by a deflection with two crystals at BW2 as described in [3, 4]. The 
possibility to use one deflection crystal to avoid intensity loss requires a lowering of the 
diffractometer for several centimetres. This was first applied at Beamline BW1 (previous 
HASYLAB report) with a ZnO (0001) crystal. The same setup was then used at beamline BW2. 
The ZnO (0001) crystal deflects the x-ray beam with nearly the required incident angle (Si(004) 
reflection) into the growth chamber. The beam energy of E=10.972 keV was optimal for the ZnO 
(0002) reflection, which means the required growth chamber tilt was less than 0.4°. The in-situ 
experiment starts with melting on the Si-Ge-Bi material. Then the thin substrate floats horizontal on 
the melt and the CCD detector and diffractometer will be adjusted to a position (based on the 
substrate position) where the signal of the evolving structure will appear. Afterwards a defined 
cooling programm initiates the growth. The intensity distribution is recorded in dependence on the 
growth temperature by the CCD detector (Pilatus 100 K).  

The in-situ investigations confirmed the development of germanium poor regions at the island base 
to higher germanium contents at the top due to the increasing elastic relaxation, which is known 
from ex-situ investigations [3, 5]. The intensity distributions near SiGe (004) do not exhibit the 
defined shape compared to ex-situ samples. This is mainly caused by absorption of weak intensity 
features like facet rods, a dispersion of island sizes and a superposition of the signals resulting from 
elastically relaxed islands and plastically relaxed material. Another aspect, which was investigated, 
is the dissolving of the SiGe-structure by heating up the material shown in figure 1. The first row 
shows the crystal growth by cooling the sample with 0.5 K/min from 525°C to 460°C. The intensity 
cloud at the upper part results from the silicon substrate near the Si(004) peak. At 507°C the first 
Si0.76Ge0.24-related signal appears. This intensity cloud moves to smaller qz (higher Ge-content) by 
further cooling. At 480°C a second SiGe-signal appears, which also moves towards smaller qz and 
becomes broader due to the superposition mentioned above. The second row represents the 
dissolving of the structure by heating to 550°C. The CCD-frames show the inverted process. The 
SiGe-related signal moves towards the Si-substrate signal. The third row shows the repeated growth 
(cooling) of the sample. Figure 2 depicts the germanium contents calculated from the qz position for 
every frame for the three steps (growth, dissolving and growth). The first and second growth 
process shows (except for minor changes) the same characteristics. However, the process contains a 
kind of hysteresis behaviour. Due to the heating, the SiGe structure is dissolving and the changing 
of concentration runs diffusive, that means very slow. Silicon and germanium have a smaller 
atomic weight than the Bi-solvent. Therefore, Si and Ge remain in the vicinity of the substrate and 
cause a local saturation, which compensates the dissolving until the concentrations are balanced. 
This process continues above the original liquidus temperature due to a dissolving of silicon from 
substrate. 
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Figure 1: selected CCD-frames of the intensity distribution in the vicinity of the (004) reflection in the [110] 
zone in dependence of the growth temperature for a growth step, a dissolving step and a repeated growth 

step. 

 

Figure 2: Germanium contents calculated from the qz-positions in dependence of the growth temperature for 
the growth / dissolving steps shown in figure 1. 
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The recent discovery of high-temperature superconductivity in iron arsenide compounds has 
initiated a new era in superconductivity research. This family of compounds is believed to represent 
a novel class of high-Tc superconductors in addition to the cuprates, discovered in the 1980’s. 
BaFe2As2 becomes superconducting when doped with potassium, and a critical temperature Tc = 38 
K has been obtained for the compound Ba0.6K0.4. Furthermore, undoped BaFe2As2 becomes 
superconducting under pressure with Tc = 29 K at 4 GPa.  
 
We have studied BaFe2As2 by high-pressure energy-dispersive X-ray diffraction at Station F3 [1]. 
The compression mechanism was found to be highly anisotropic, and a tetragonal to orthorhombic 
phase transition was observed at about 17 GPa. The lattice parameters are plotted as a function of 
pressure in Figure 1. The zero-pressure bulk modulus was determined as B0 = 71(4) GPa by fitting 
the Birch-Murnaghan equation of state to the experimental data points in the pressure range from 1 
to 16.5 GPa. Moreover, pressure-induced changes in the electronic and chemical bonding of 
BaFe2As2 were estimated by calculations performed within the extended Hückel approximation. 
 
L.G. and J.S.O. gratefully acknowledge financial support from the Danish Natural Sciences Research 
Council through DANSCATT.  

 
Figure 1. Relative lattice parameters 
a, b and c for the observed 
tetragonal and orthorhombic phases 
of BaFe2As2 plotted as a function of 
pressure. The lattice parameters atetra 
and aortho of the tetragonal and 
orthorhombic phases were norma-
lized to a0 = 3.9625(1) Å and √2a0, 
respectively, while the c parameters 
were normalized to c0 = 13.0168(3) 
Å. The lattice parameters a0 and c0 
are valid for BaFe2As2 at ambient 
pressure and temperature. 
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TiNi-based alloys are some of the most widespread shape memory alloys (SMA). While being 
heated they are able to fully restore their pre-deformation shape as a result of reverse martensitic 
transformation. Under such a behavior these alloys demonstrate considerable mechanical force. Due 
to their unique properties SMAs are of great interest to find unusual solutions in variety of 
important technical applications, such as electronics, power and machine engineering, instrument-
making, space industry, medicine etc. [1-4]. However, the demand of micro- and nanodevices 
construction drives production of new types of SMAs as well as their further exploration on 
different scales. 

In this research the singularities of Ni and Cu atoms local crystalline environment in four-
component SMAs Ti39.2Ni24.8Cu25Hf11, Ti40.7Ni41.8Cu8Hf9.5 and Ti50.2Ni24.8Cu24Fe1 are investigated 
using extended x-ray absorption fine structure spectroscopy (EXAFS). 

In initial state the samples represent themselves as thin bands obtained by components melt 
extrusion from the quartz crucible through the thin nozzle on the surface of rotating copper disk, 
where the sample’s cooling took place with the rate of 10

6
 K/sec. Samples were crystallized by 

annealing in the air at ~ 500 º С during 4 min. The EXAFS spectra were obtained in transmission 
mode above K-Ni (8333 eV) and K-Cu (8979 eV) absorption edges in the temperature range of 
5300 K on beamline E4 of synchrotron center HASYLAB, DESY (Hamburg, Germany). The 
processing of spectra was performed using VIPER [9] software with standard procedure of EXAFS-
oscillations function χ(k) deconvolution and Fourier-analysis. Magnitudes fj(π,k) and phases φj(k) of 
back scattering were computed using FEFF-8.20 [10] within a model of martensitic phase 
crystalline structure, Pmmb symmetry group. 

The Ni and Cu atoms occupy equivalent sites in the lattice. The First two coordination spheres 
surrounding these atoms consist of 2 and 4 Ti atoms respectively. For investigated stoichiometric 
compositions radii R1 and R2 of these coordination spheres are obtained at the room temperature. 
Radii of coordination spheres around Ni atom in the crystallized samples turned out to be R1 ~ 2.50 
Ǻ, R2 ~ 2.64 Ǻ; around Cu atom: R1 ~ 2.56 Ǻ, R2 ~ 2.69 Ǻ. Coordination spheres radii obtained in 
initial samples are close to mentioned above for crystallized samples, being of larger dispersion 
though. Probably, initial samples either contain the crystallites of investigated phase, but the 
coherent scattering region is significantly smaller in this case. The bond lengths Cu-Ti and Ni-Ti 
discrepancy was apparently found in samples of all stoichiometric compositions. The value of this 
discrepancy not typical for common TiNi lattice is ~ 0.14 Å. It can drive the local deformation of 
lattice and result in structural phase transition under certain conditions. 

Parameters of Ni and Cu atoms local environment in Ti39.2Ni24.8Cu25Hf11 alloy were investigated in 
broad temperature range of 5÷300 K. This range includes both martensitic and austenitic phase 
transitions occurring in slightly different temperature regions. However, no evident signs of phase 
transition were found in spectra. One can only see gradual monotonous decrease of EXAFS-
oscillations magnitude versus temperature increase, which is fairly seen in region of ~ 77 eV or ~ 
4.4 Å

-1
 above K-Ni edge (fig. 1) and in region ~ 75 eV or ~ 4.3 Å

-1
 above K-Cu edge (fig. 2). 

Spectral composition of EXAFS-oscillations is slightly different at K-Ni and K-Cu edges (fig. 3), 
but does not change noticeably upon temperature. From the temperature dependences of Debye-
Waller factors for the first coordination spheres around Ni and Cu atoms (fig. 4) the characteristic 
Einstein temperatures were determined for interatomic bonds Ni-Ti θE ~ 303 K and Cu-Ti θE ~ 300 
K. Thus, one may conclude that Ni-Ti and Cu-Ti bonds are approximately of similar rigidity, but 
the static disordering in environment of Ni is more significant. This research is partially supported 
by RFBR (grant 09-02-12257-ofi_m). 
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Fig. 1: K-Ni EXAFS functions χ(k)*k
2
 at various 

temperatures 
Fig. 2: K-Cu EXAFS functions χ(k)*k

2
 at various 

temperatures 

  

Fig. 3: Modules of K-Ni and K-Cu EXAFS 
spectra Fourier transforms at 5 K 

Fig. 4: The temperature dependences of Ni and Cu 
coordination shell Debye-Waller factors 
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Ternary flourides with the general formula BaMF4 (M = Mn, Zn, Mg, Fe, Ni, or Co) crystallize
in space group Cmc21 with lattice parameters a ∼ 4.2 Å, b ∼ 14.7 Å and c ∼ 5.9 Å. Their unit
cell volumes depend linearly on the M+2 cationic radii. In addition, the M+2 radius has a critical
influence on the stability of the compounds as the compound with the largestM+2 cation, BaMnF4,
shows an incommensurate phase transition at T ∼ 245 K [1-2]. Other members of the family do
not provide any evidence of phase transitions down to 10 K [1].

At ambient conditions, the M+2 cations

Figure 1: Representation of the structure of BaZnF4 crystal at
ambient conditions.

are surrounded by six fluorine atoms for-
ming an irregular octahedron that share
four anions with the others and generate
layers perpendicular to [010] (Figure 1).
Between these layers, the barium atom
is allocated with the coordination num-
ber 9 [3-4].

The strong relation between the cationic
radii, the unit-cell volumes and the sta-
bility of the compounds, suggests that
the crystal structures might also be sig-
nificantly influenced by the application
of hydrostatic pressure. For our in situ
high pressure experiments in diamond
anvil cells we chose three members with
very different ionic radii of theM+2 cations:
BaMgF4, BaZnF4 and BaMnF4. The single-crystal diffraction experiments were carried out using
the marCCD165 detector at the beamline D3 of the Hasylab at the wavelength of 0.4 Å. The col-
lected data were integrated using the XDS program package [5].

Both in BaMgF4 and BaZnF4, the lattice parameters decrease smoothly on compression up to 5
GPa. The pressure dependence of the unit cell volumes can be fitted using the second order
Birch-Murnaghan equation of state, obtaining similar bulk moduli for BaMgF4 and BaZnF4, B0

= 55.9(1.2) GPa and B0 = 55.7(0.5) GPa, respectively (fixed values obtained from previous powder
x-ray diffraction measurements [1] were assumed as V0).

In the pressure range from 4.79 GPa to 6 GPa, the drastic change of the unit-cell volume indicates
a first-order phase transition in BaZnF4. In addition, the deviation of the γ angle from 90 degrees
indicates that the space group symmetry of the high pressure phase is monoclinic (Figure 2).

For BaMgF4 between 4.81 GPa and 6.13 GPa, we also observed a discontinuous behavior of the
lattice parameters. However, they do not show the same behavior as in BaZnF4 and it seems that
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there is no monoclinic distortion of the lattice. Currently, we are working on the structure determi-
nation of the high pressure polymorphs of BaZnF4 and BaMgF4.

In the case of BaMnF4 below 4 GPa, the second order Birch-Murnaghan equation of state gives a
bulk modulus B0 = 52.1(0.9) GPa. The smaller value of this parameters when compared to those for
BaMgF4 and BaZnF4 results from the higher compressibility of the a parameter in BaMnF4. Above
4 GPa, we observe a broadening of the Bragg reflections (which gets stronger at higher pressures)
that makes their indexing impossible. This fact can be related to the loss of crystallinity of the
BaMnF4 compound, and therefore, a possible amorphization of the crystal at higher pressures.
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Figure 2: Normalized lattice parameters and unit cell volume of BaZnF4 as a function of pressure. The red
line represents the second order Birch-Murnaghan equation of state: B0 = 55.7(0.5) GPa, V0 = 349.324(5)
Å3, a0 = 4.203679(23) Å, b0 = 14.57271(10) Å and c0 = 5.848186(50) Å.
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Low-dimensional structures such as semiconductor quantum dots (QDs) have been extensively 
investigated in the past two decades. Owing to the strong three-dimensional confinement of the 
charge carriers, these systems exhibit entirely new electronic and optical properties. For many 
technological applications it is essential that the nanostructures exhibit identical size, shape and 
chemical composition. However, in many cases, e.g. memory devices, it would be also highly 
desirable to control the quantum dot positions or to achieve a precise coupling between the quantum 
dots with its environment.  
 
Several sophisticated techniques to obtain and control the ordering of quantum dots have been 
developed in the past years. Precise quantum dot positioning can be achieved by the growth on pre-
patterned substrates, e.g. growth on atomic steps, artificial surface undulations or high-amplitude 
modulations. An alternative promising approach is to make use of ‘purely’ self-organized growth 
mechanisms. Recently, we have reported a very interesting mechanism inducing quantum spatial 
alignment for the system InP/InGaP/GaAs(001) [1] grown by gas source molecular beam epitaxy 
(GS-MBE). Here, growth parameters can be found where extended and well ordered InP QD chains 
are formed which are aligned along the [-110] direction. The planar alignment evolves from a self-
organized 1D pre-patterning (surface undulations) of the In0.48Ga0.52P buffer layer (Fig.1) in that the 
InP quantum dots preferentially nucleate at the upper parts (hills) of the surface undulations. 
 

[110]

[110]

200 nm

 

Figure 1: Atomic force micrograph of the surface of a lattice matched In0.48Ga0.52P layer (thickness 250 nm) 
grown on GaAs (001). Extended and well ordered surface undulations aligned along the [-110] direction can 

be observed. The undulations exhibit a lateral period of about L = 70 nm and a height of H = 3 nm.  

The structural (strain, composition) and morphological (e.g. wavelength of surface undulations) 
parameters of the (In,Ga)P buffer layer therefore play a fundamental role in controlling the InP 
quantum dot positions. Despite this, the underlying physical mechanisms governing the formation 
of the (In,Ga)P surface undulations are not well understood as yet. On one hand one might think of 
atomic step bunching causing the surface undulations. This phenomenon is usually observed for a 
surface misorientation well above 1°. However, the GaAs substrate miscut of our samples is smaller 
than 0.05°. On the other hand spontaneous long-range atomic ordering (LRO) of CuPtB-type inside 
the (In,Ga)P buffer layer could lead to well ordered domains. However, fractional order Bragg 
reflections could not be observed, thus excluding the existence of LRO. Finally, a morphological 
instability may appear in the (In,Ga)P layer. We, however, have to emphasize that the In0.48Ga0.52P 
buffer layer as shown in Fig.1 is lattice-matched to the underlying GaAs substrate. Therefore, the 
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‘classical’ Asaro-Tiller-Grinfeld instability [2] phenomenon cannot be responsible for the formation 
of surface undulations on (In,Ga)P. However, if an alloy film is considered additional complicated 
mechanisms induced by compositional stresses may occur. In this case we would expect a coupling 
between the morphological parameters and a lateral compositional modulation. 
 
In order to entangle strain, morphology and composition we have performed grazing incidence x-
ray diffraction (GID) and coplanar wide angle x-ray scattering (CWAXS) at beamline BW2. The 
diffuse intensity distribution in the vicinity of the strong Bragg reflections was recorded by using 
1D (MYTHEN) and 2D (PILATUS) detectors. Fig.2 exemplarily shows the diffuse intensity 
distribution of a 250 nm thick In0.48Ga0.52P layer grown on GaAs(001) in the vicinity of the 220 in-
plane reciprocal lattice point. Besides the narrow In0.48Ga0.52P Bragg reflection (S) two prominent 
satellite peaks P1 and P2 are observed which are caused by the periodic strain field in the surface 
undulations. From the positions and widths of P1 and P2 the mean lateral period L, the lateral 
correlation length ξ and mean lateral strain ε|| can be evaluated as L = 69 nm,  ξ = 80 nm and ε|| = 
7.6 ⋅10

-4
. These values – although slightly varying– are representative for all samples investigated. 

A systematic data evaluation is still under way, preliminary results indicate that a periodic lateral 
compositional modulation shows up which, however, does not seem to exhibit the same periodicity 
than the surface morphology.  

We are grateful to D. Novikow, W. Drube and H. Schulz-Ritter for valuable assistance with the 
experimental setup. 
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Figure 2: X-Ray diffuse scattering from 250nm In0.48Ga0.52P/GaAs (001) in the vicinity of the 220 reciprocal 
lattice point. The radial scan (a) exhibits two satellite peaks P1 and P2 that are caused by the strong 

positional correlation of the surface undulations along the [110]. Their positions are not symmetrical with 
respect to the In0.48Ga0.52P Bragg peak (S) but are slightly shifted towards lower values of qradial indicating 
that the surface undulations exhibit enhanced horizontal lattice spacings. The angular scan (b) just shows 

the substrate reflection (S) confirming that there is no positional correlation along [1-10]. 
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Many compounds crystallizing with zinc-blende-type structures undergo phase transitions to high-pressure 
phases belonging to the NaCl-type. These transformations are accompanied by changes of the coordination 
numbers from four to six and by large volume discontinuities and are, therefore, considered to be 
reconstructive. In the last decade, many attempts have been made in order to get information on the 
microscopic mechanisms of such phase transitions and different transition models have been discussed. The 
symmetries of the phases do not show group - subgroup relations, but possible transition pathways can be 
derived if a common subgroup of the space groups of the phases before and after the phase transformation is 
found, which allows a deformation of one structure type into the other [1-4]. Energetically favourable is a 
pathway that does not imply the breaking of bonds. The mostly favoured pathways for the zinc-blende to 
NaCl-type transition are those with the symmetries P31 (P32) and Imm2, respectively. 

Information on the transition mechanism that actually takes place in a compound may be obtained by 
investigations of the orientation relations between the unit cells of the phases before and after the phase 
transition. So far, such studies have been performed only for two compounds showing a pressure-induced 
zinc-blende- to NaCl-type transformation. However, both compounds do not transform directly. The 
transition in CdTe [5] takes place via an intermediate phase with cinnabar-type structure. The orientation 
relations suggest a P31 (P32) path, however, either by twinning or by a further mechanism an additional 
orientational variant occur. The transition of AgI follows a different path via a tetragonal intermediate 
structure. From an energetical point of view a transition according to the Imm2 mechanism is favourable [6] 
but it could be excluded owing to the observed orientation relations [7]. 

In the present study, InAs was investigated, that shows a direct transition form the zinc-blende to the NaCl 
type. InAs belongs to the more ionic III-V semiconductors [8]. At ambient conditions its lattice parameter is 
a = 6.0584 Å [9]. At about 7 GPa the transition to the NaCl-type phase takes place with a volume collapse 
of about 17% [10]. At 8.46 GPa the lattice parameter is a = 5.5005 Å [9].  

A single crystal of InAs with a size of approximately 150*100*50 µm3 was fixed with a (110) cleavage 
plate parallel to the culet faces in a diamond anvil-cell with an opening angle of 30°. A stainless-steel gasket 
with a sample hole with a diameter of 300 µm and a thickness of 80 µm was used. The pressure transmitting 
medium was a 4:1 mixture of ethanol : methanol [11]. The pressure was determined in the home laboratory 
using the ruby-fluorescence method [12]. All measurements were performed at the beam-line BW5 with a 
beam-energy of 100 keV and the diffraction data were registered using a mar345 area detector. At a pressure 
slightly above 7 GPa, the single crystal was already partially transformed, so that the diffraction pattern of 
both the low- and the high-pressure phase were obtained. Both phases showed strong preferred orientation. 
In a first run the pole figures of both phases were measured in a range –30° ≤ ω ≤ 30° of the orientation 
angle ω in steps of 1°. Subsequently the pressure was released to about 3 GPa, and pole figures were 
measured again. Fig. 1a shows a summation of all diffraction images of the sample at about 7 GPa, Fig. 1b 
that of the sample after the pressure was decreased to 3 GPa.  Although only a small part of the reciprocal 
space was accessible, it can clearly be seen that the orientation relations between both phases differs from 
those obtained for CdTe [5] and AgI [6].  One of the <100> directions of the NaCl-type phase of InAs runs 
parallel to a <111> direction of the zinc-blende type, whereas in CdTe  a <111> direction of the NaCl type 
was parallel to a <111> direction of the zinc-blende type and in AgI [100]NaCl  type   [110]ZnS  type was 
observed. Therefore, it can be concluded that another mechanism must take place in InAs. Further 
experiments are planned using another type of high-pressure cell with an larger opening angle and different 
orientations of the crystal. 
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Fig.1: Summation of 2-dimensional diffraction images of a) low- and high-pressure phases of InAs at 7 GPa, 
b) the low -pressure form after release of pressure to 3 GPa (yellow: indices of the low-pressure phase, red: 
indices of the high-pressure phase). The materials of the diamond-anvil cell cause the powder rings. 
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Longitudinal coherence studies and XUV pump probe
experiments with the split and delay unit at the PG2

beamline at FLASH

Florian Sorgenfrei1, Martin Beye1, William F. Schlotter1, Alexander Föhlisch1, Jens Viefhaus2,
Markus Illchen2, Torben Beeck1, and Wilfried Wurth1

1Institut für Experimentalphysik and Centre for Free-Electron Laser Science, Universität Hamburg,
Luruper Chaussee 149, 22761 Hamburg, Germany

2HASYLAB, Deutsches Elektronensynchrotron, Notkestrae 85, 22607 Hamburg, Germany

The extreme brilliant and ultrashort pulses from FLASH, thefree-electron Laser in Hamburg, are
an ideal tool to study multiphoton processes in either gases, liquids or solids. Additionally, one can
study chemical reactions on surfaces in an element-specificway. Combining this powerful tool with
the fully commissioned x-ray split and femtosecond delay unit which we permanently implemented
in the PG2 beamline [1] promises to boost the understanding of the microscopic physics of these
processes.
We have used the split and delay unit (SDU) to characterize the longitudinal coherence properties
of FLASH at various wavelengths in great detail [2]. In Fig. 1the normalized degree of coherence
is plotted versus the delay of the two pulses in terms of wavelengths for pulses of9.6nm and
33.3nm wavelength. The single bunch data (black data points in Fig.1) shows a substantial degree
of coherence for longer delays in accordance with simulations for a self-amplified spontaneous
emission FEL in saturation.
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Figure 1: Normalized degree of coherence plotted versus delay in terms of wavelengths. The black symbols
is single bunch data and red symbols is multibunch data (15 bunches) for9.6nm and33.3nm. The black
curve is obtained by fourier transform single shot spectra and averaging the result, while the red curve is
obtained from the fourier transform of the average spectrum(Wiener-Khinchin theorem).

As a first step beyond source characterization we have studied nonlinear excitations and wavepacket
dynamics in molecular nitrogen by using the split and delay unit with a variable temporal delay.
Understanding these dynamics is of paramount importance for photoinduced chemical reactions
in the upper atmosphere or in extrasolar nebulas. Fig. 2 sketches the involved potential energy
surfaces, although not allN2+

2 intermediate states are shown. With a first photon of a about47eV

we create a double charged intermediate cation and with a second photon create the dissociative
N

3+
2 state. As a preliminary result, Fig. 3 shows the ion yield as afunction of intensity for the
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intermediate and the final state. Fitting a power lawlog Y = log σ + n · log I to the data points
yield to an exponent ofn = 1.048 ± 0.004 for the intermediate state andn = 1.96 ± 0.12 for the
final state showing that indeed two photons are involved in this process.

Figure 2: Sketch of the potential energy curves ofN2 (Franceschi et al. J. Chem. Phys. 126, 134310 (2007))
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Figure 3: Plot of theN2+
2 (blue) andN2+ (purple) ion yield as a function of intensity. The solid lineis a

power law fit to the data points.
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New insights into the precursor chemistry of Cu/ZnO 
catalysts – Decoupling precipitation and aging 

S. Kißner, B. Seidlhofer1, W. Bensch1, R. Schlögl, M. Behrens 

Fritz-Haber-Institute of the Max-Planck-Society, Faradayweg 4-6, 14195 Berlin, Germany 

1Institute of Inorganic Chemistry, University of Kiel, Max-Eyth-Straße 2, 24118 Kiel, Germany 

Preparation of industrially applied Cu/ZnO/Al2O3 catalysts currently follows a multi step procedure 
(co-precipitation – aging – washing/drying – calcination – reduction). The synthesis parameters of 
all steps strongly influence the physico-chemical and catalytic properties of the product. A crucial 
step is aging of the precipitated precursor, which was reported to be essential for a successful 
catalyst. During this period, a pH minimum occurs indicating re-arrangements of the precipitate 
most probably by dissolution and re-precipitation. Simultaneously, crystallization of the initially 
amorphous precursor and a change of colour from blue to bluish green are observed.  

We realized a continuous synthesis process to suppress aging by direct spray drying of the 
precipitate enabling independent investigation of the precipitation and aging processes. The aging 
conditions of a CuZn model precipitate were varied using artificial mother liquor (aqueous 
Na2CO3/HNO3) to simulate realistic aging conditions. Aging experiments were performed using 
each time the same starting material (Cu:Zn = 70:30). Phase conversions during aging were 
monitored by in-situ energy dispersive X-ray diffraction (EDXRD) at beamline F3, HASYLAB, 
Hamburg. 

In our experiments we varied the acidity (pH 5-8) and temperature (50-70 °C). All experiments led 
to crystalline zincian malachite and, in some cases, revealed the presence of an intermediate, 
identified as sodium zinc carbonate Na2Zn3(CO3)4·3H2O (Figure 1). The possible appearance of this 
phase has been reported in literature [1], but has so far not been observed in-situ during aging or 
studied systematically for different conditions. Increasing temperature at pH 7 led to earlier onset of 
crystallization but had no significant effect on the important incorporation of Zn into the malachite 
structure [2]. Low pH values (≤ 6.5), however, inhibited formation of the intermediate and resulted 
in higher levels of Zn incorporation. Thus, the beneficial effect for the final catalyst of a slightly 
acidic pH during precipitation can be understood on the basis of a modified mechanism of 
crystallization of the precursor during aging. Two measurements were repeated using aqueous 
K2CO3 instead of Na2CO3 in the aging media. Expectedly, no Na salts as intermediate were 
observed and no K salts either. 

This study reveals the influence of preparation conditions on the kinetics and mechanism of aging 
of catalyst precursors and contributes to the knowledge-based preparation of Cu/ZnO/(Al2O3) 
catalysts by successfully relating the synthesis parameters pH and T with material properties.  
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Figure 1: XRD patterns (converted to CuKα) during aging showing transformation of the amorphous 
precursor into the intermediate sodium zinc carbonate and finally crystalline zincian malachite. The position 
of the (20-1) peak of zincian malachite is shifted compared to the pure malachite reference because of zinc 

incorporation. 
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Combined luminescence and X-ray emission study of 
self-trapped excitons in Al2BeO4 crystal  
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In oxides at low temperatures the process of formation of anion self-trapped excitons (ASTE) and 
their radiative decay is known as ASTE luminescence. At the same time, there are only solitary 
reports about probable formation of cation self-trapped excitons (CSTE) in wide-gap compounds, 
revealed by resonant inelastic X-ray scattering method [1,2]. ASTEs we discovered in Al2BeO4 
crystals in [3]. Our work is devoted to combined research of properties of ASTE and CSTE using 
methods of luminescence and X-ray emission spectroscopy at the selective XUV excitation in 
Al2BeO4 crystal.  

Experimental work was carried out in HASYLAB (Hamburg) and in MAX-lab (Lund). At 
temperatures 10 and 300 K, the luminescence spectra (2 – 8 eV), the luminescence excitation 
spectra (5-20 eV, 50-600 eV) was recorded at the SUPERLUMI station (beam-line I) or using 
synchrotron radiation (SR) from the BW3 beam-line (HASYLAB, DESY). The 0.3 m ARC 
SpectraPro-308i monochromator equipped with the R6358P (Hamamatsu) photomultiplier  was 
used to analyse luminescence in the 2-6 eV region at the SUPERLUMI station. The 2 m primary 
monochromator (Al gratings) were applied in measurements of the luminescence excitation spectra 
(LES) over the 5-20 eV energy range. A typical spectral resolution was 0.32 nm. At the BW3 the 
SR from the undulator was further monochromatized by a Zeiss SX700 monochromator. The 
luminescence spectra (LS) were measured by a 0.4 m vacuum monochromator (Seya-Namioka 
scheme) equipped with a microchannel plate-photomultiplier (MCP 1645, Hamamatsu). The LES 
were corrected for the equal number of the exciting photons but the LS are presented as they are 
measured. The measurements of the  X-ray fluorescence in the vicinity of the Al 2p and Be 1s 
photoabsorption edges were performed at the beam-line 1511-3 at MAX-lab (Lund University) 
with energy resolution better than 0.1 eV.   

Accordingly [3] LS is characterized by three bands of intrinsic luminescence. Emission bands with 
the maximums at 3.5 and  4.1 eV dominate in LS at the excitation near the fundamental absorption 
edge (figure 1). The intensity of 5.2 eV luminescence increases after the excitation in the range of 
inner-shell transitions. The value of Stokes shifts can be used to estimate the energy loss during 
self-trapping process.  Both minimums corresponding to 1s Be and 2p Al inner-shell transitions are 
clearly expressed in LES presented in figure 2. So, we could suppose the both cation’s sublattice 
take part in the exciton’s self-trapping process.  

A wide long-wave shoulder of the elastic scattering peak in the resonant X-ray emission spectra of 
wide-gap compounds was firstly reported in [1]. It was supposed that such profile of the observed 
spectra connects with lattice’s distortion and in fact reflects formation of CSTE. In the case of  
Al2BeO4 crystal wide long-wave shoulders of the elastic scattering peak were observed in the 
resonant X-ray emission spectra measured in the range of both 1s Be and 2p Al inner-shell 
transitions (figure 3 and 4). It should be noted two experimental facts. Firstly, the widths of long-
wave shoulders differ in the cases of inner-shell transitions of different cations. Secondary, the 
widths of long-wave shoulders in principal coincide with Stokes shifts values.  Joint analysis of 
UV-luminescence and resonantly excited X-ray emission spectra leads to assumption that self-
trapping of both ASTE and CSTE results in formation of short-living defects at the same local 
structural units of crystal lattice. The value of energy loss taking for lattice distortion differs for 
different structural units and depends on tendency of this structural units to the short-term 
distortion.  
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Figure 1: Luminescence spectra (1-3) and excitation 
luminescence spectrum of 4.0 eV emission in 
Al2BeO4 crystal, T=10K. Energy of 
excitation: 9.5 eV for curve 1, 130 eV for 
curve 2 and 525 eV for curve 3.  

Figure 2: Excitation spectrum of 5.2 eV luminescence in 
Al2BeO4 crystal at  T=10K.  
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Figure 3: Resonantly excited in the range of L-edge 
absorption of aluminum ion X-ray 
fluorescence spectra at T=300K.  

Figure 4: Resonantly excited in the range of K-edge 
absorption of beryllium ion X-ray fluorescence 
spectra at T=300K.. 
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Quality control of patterning via x-ray scattering
F. Brüssing, and H. Zabel

Experimental Physik 4, Ruhr University Bochum, Universitätstr. 150, 44780 Bochum, Germany

X-ray diffraction is highly sensitive to periodicities on length scales from sub-nanometers to mi-
crometers. Here we present the application of this method to control the structural quality of lat-
erally patterned samples. The big advantage in comparison to real space methods like scanning
electron microscopy or atomic force microscopy is the performance of a Fourier analysis of the
periodic structure over a large area, yielding an integrated quality control.
Here we report on x-ray investigations of two different laterally patterned samples. The first one is
an array of rectangular islands consisting of a Fe0.27Cr0.73-alloy with the dimensions 0.5µm, 4µm,
and 1µm/6µm, referring to width, length, and periodicity, respectively. The second sample is in
form of long stripes with 2µm width and 6µm periodicity, and consisting of a 8× [Fe/Cr/Co/Cr]
superlattice. For more details concerning these samples see [1]. Both patterns were produced by
e-beam lithorgraphy and ion-beam etching. They were epitaxially grown on MgO[001]-substrates
via MBE methods.
The x-ray investigations were performed at the beamline W1.1 at the HaSyLab with a photon
energy of 7.1keV close to the Fe-edge. This energy was chosen to enhance the contrast between Fe
and Cr. The measurements were performed by using a linear detector which opens the possibility
to record intensity simultaneously over an angular range of 4◦ with a resolution of roughly 0.02◦.
This decreases the required measurement time drastically. The use of a synchrotron radiation x-
ray source for such kind of investigations is necessary in order to capture the low intensity in the
off-specular regime.

(a) Azimuthal angular dependence of qx scans (b) taken at an azimuthal angle of 90◦ (right)/ 180◦ (left)

Figure 1: qx scans from the array of rectangular islands

The structural properties of the stripe arrays are revealed by Bragg-reflections in the lateral di-
rection, so called qx-scans. The peak position is proportional to the reciprocal periodicity, the
structural quality of the pattern and the width of the stripes affects the intensity of the peaks. Edge
roughness and fluctuations in the periodicity will cause diffuse scattering between Bragg peaks. To
be more precise, the peak position depends on the projected stripe separation onto the scattering
plane. The projected width is smallest for stripes oriented perpendicular to the scattering plane,
and it becomes infinite for parallel orientation. In case of patterns with two different periodicities
in the x- and y-direction, the Bragg positions change by rotation of the sample about its normal.
This change of the periodicity for the first sample is visible in fig. 1(a). For an easier analysis of
the angular position of the peaks they are recalculated to their respective qx-value. The second axis
φ corresponds to the azimuthal orientation of the sample. This results in a symmetric variation of
the satellite peak positions with respect to qx = 0, whereas the strong intensity at qx = 0 is nearly
independent of the angle corresponding to the specularly reflected peak. The figure 1(a) shows
clearly a minimal distance of the peaks around φ = 90◦ and a maximal distance around 0◦ and

-794-



180◦. The intensity of the peaks is affected by the measurement method which results in different
qz values for the Bragg peaks shown in figure 1(a).
Detailed information about the quality of the patterning can be extracted from a map with one fixed
sample orientation. A typical measurement of the sample orientated to the direction of the shortest
periodicity is shown in fig. 1(b) (right side). In this map well separated Bragg-streaks are clearly
visible which correspondent to the expected sample periodicity of 1µm. After a rotation of the
sample by 90◦ the distance between the Bragg-streaks is much smaller. The calculated periodicity
is 6µm and is in agreement with the designed structure, see fig. 1(b) (left side).
In comparison to this relatively simple array, intensity maps from a patterned [Cr/Fe/Cr/Co]×8

superlattice are shown in fig. 2. In these patterns both periodicities in the lateral and in the perpen-
dicular direction are clearly visible. Also the difference between the two ways of data presentation
becomes evident in fig. 2. In the left hand map showing qx-qz-plot the Bragg streaks are crosses
by horizontal Bragg sheets due to the perpendicular superlattice periodicity. In the αi - αf plot
the Bragg sheet appear bent, because of optical effects close to total reflection. The advantage of
the qx-qz-plot is an easier comparison of different measurement taken with different wavelength.
On the other hand, in αi - αf plots the diffuse scattering close the total reflection edge is more
pronounced, enabling a better judgement of the sample quality.

Figure 2: Maps of scattered intensity from the striped 8× [Fe/Cr/Co/Cr] superlattice. Left: intensity map
plotted in qx-qz space. Right: same intensity map but plotted as function of incident αi and exit angle αf .

These experiments show that off specular hard x-ray scattering is a very powerful tool for the inves-
tigation of laterally patterned structures. Average periodicities can be determined over large areas
and any deviations from the average either due to local defects or due to any waviness becomes
visible in the diffuse scattering or in extra reflections. Furthermore, x-ray scattering allows to de-
termine periodicities from the nanometer to the micrometer scale. The Bragg sheets are due to a
length scale of about 15 nm, whereas the Bragg streaks show a periodicity of several micrometers,
all in one plot. These experiments also allow to compare the orientation the stripes to the orien-
tation of the crystal axes and thereby the orientation of the crystalline anisotropy as well as the
shape anisotropy. Although the hard x-ray scattering shown here is non-magnetic, it is indeed very
useful for the analysis and interpretation of the magnetic properties of laterally pattern films and
superlattices.
We are grateful to Wolfgang Caliebe and Oliver Seeck for their help at the Beamline W1.1 of
HASYLAB. We acknowledge Carsten Rott and Katharina Theis-Bröhl for patterning the stripe
array. This project was financially supported by the SFB491.
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Probing the Macromolecular Conformation Induced by 
Pb2+ Ion Condensation to Anionic Polyelectrolyte Coils 

Analyzed by q-ASAXS 
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1Jülich Centre of Neutronscience, c/o Technical University, Lichtenbergstr. 1, D-85747 Garchnig, Germany 
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The shrinking process of anionic sodium polyacrylate (NaPA) chains in aqueous solution induced 
by Pb2+ counterions was analyzed by anomalous small-angle X-ray scattering (ASAXS) in 
combination with small-angle neutron scattering (SANS). Scattering experiments were performed 
close to the precipitation threshold of the lead-polyacrylate complex. The pure-resonant scattering 
contribution, which is related to the structural distribution of the Pb-cations, was used to analyze 
the extent of Pb2+ condensation onto the polyacrylate coils. From the quantitative analysis of the 
Resonant Invariant (q-ASAXS), the amount of Pb cations localized in the collapsed phase was 
calculated. In combination with small-angle neutron scattering the structure of the polyacrylate 
coils, which depend strongly on the size of the collapsed subdomains, was deduced. 

Preparation of NaPA solutions with Pb2+ in aqueous NaNO3 was performed with two different 
NaPA concentrations ([NaPA]=0.65 and 0.75 g/L) and a concentration of lead ions of [Pb2+]=1.65 
mM. The samples were characterized and selected by light scattering. The ASAXS experiments 
were performed at the B1 beam line (former JUSIFA) at HASYLAB, DESY Hamburg using a 
Pilatus 300k detector. The SANS measurements were carried out at the KWS-1, KWS-2 and KWS-
3 beam lines of JCNS at FRM II in Munich. 

 

Figure 1: The pure-resonant scattering curve of 0.7575 g/L NaPA in aqueous solution with 1.65 mM Pb  
counter ions (left). From the RI-analysis [1] the Pb  counter ion concentration condensed onto the 

polyacrylate chains was deduced (right).

2+

2+

Figure 1 summarizes the ASAXS results of one sample (0.7575 g/L). In Figure 1 (left) the total and 
the separated (mixed- and pure-resonant) scattering curves are depicted. The pure-resonant 
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scattering contribution of the Pb2+ counter ions condensed onto the polyacrylate chains was clearly 
resolved. In the asymptotic part the total scattering curve approaches the Porod behaviour, while 
the scattering curve below q=0.7 nm-1 shows a q-1 power law, which could be explained by rod-like 
structures or alternatively by the superposition of the scattering contributions from the collapsed 
subdomains with the contribution from the overall structure. Moreover from the Resonant Invariant 
(RI) [1] in Figure1b (right) the concentration of the Pb2+ counter ions in the condensed phase was 
deduced. 

The possibility of using the Pilatus 300k detector of the MINAX beam line is acknowledged. 
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High symmetry crystals - spinels have the general formula ACr2X4 (where A = Cd, Zn, Hg, 
Ga, Cu; X = S, Se, Te, O). Spinels crystallize in the cubic space group Fd-3m. These crystals are 
very often investigated, because of their electric, thermal and magnetic properties, e.g. the large 
Seebeck effect and colossal magnetoresistance [1 – 5].  
The Hansen & Coppens aspherical pseudoatom formalism [6] presents a research method for the 
understanding the structure in more detail. Application of this formalism will allow us to create 
maps of the charge density and calculations of the properties, among other things net atomic 
charges, Laplacian of the total density, electrostatic potential even in the case of investigating such 
heavy element as Cd which is present in our spinels.  
The experiment was performed on the materials science diffractometer at the GKSS materials 
science beamline HARWI-II at DESY, Hamburg, Germany. We used the high-energy synchrotron 
radiation, i.e. energy E ≅ 100 keV (λ≅ 0.123 Å), because then it is possible to reduce both 
absorption and extinction [7]. 4 samples of single crystals have been investigated. Last time we 
used the MAR555 selenium detector for the data collection and the software package AUTOMAR 
[8] for the data processing. This time we used the MAR345 image plate camera. We performed the 
data collection for our crystals at room temperature and collected 60 frames for Cd0.9Eu0.1Cr2Se4, 
Zn0.5Ce0.5Cr2Se4, CdCr2Se4 and 200 frames for Cd0.5Ga0.5Cr2Se4. 

The data images from the MAR345 were processed with XDS program package [9]. Next 
the initial structure refinements with SHELX [10] were made. Multipole refinements and 
topological analyses via Bader’s Quantum Theory of Atoms In Molecules [11] using the computer 
program package XD [12] currently are in progress.  
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High energy x-ray diffraction measurements on Gd0.5Sr0.5MnO3 
in high magnetic fields  
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Half doped perovskite oxide manganites (with ABO3 structure) are found to have pronounced 
charge- and orbital- ordering effects [1, 2], which was first observed for the La0.5Ca0.5MnO3 system 
[1]. It has been found that with the decrease in ionic radii at the A site, the tolerance factor of 
manganites, which largely determines the structure, decreases and the structural distortion of the 
compound increases. This leads to bending of the Mn-O-Mn bond and hence a decrease of the one 
electron band width (W) of the eg state carriers. Consequently, the robustness of charge and orbital 
ordering increases, which has been found to critically depend upon W. A very high magnetic field 
is required to melt the antiferromagnetic charge and orbitally ordered state in order to reach a 
ferromagnetic metallic state. In Sm0.5Ca0.5MnO3, the critical field becomes as large as about 50 T at 
4.2 K [3]. 
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Figure 1: Top figure shows the magnetic field dependence of the integrated intensity of the Bragg peak. 
Middle and bottom figures show the magnetic field dependence of the integrated intensities of the 

superstructure reflections. All scans were performed at 35 K.  
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We have performed high-energy x-ray diffraction measurements in high magnetic fields on 
Gd0.5Sr0.5MnO3, which is a half doped (hole doped) member of the manganites family, having 
almost lowest ionic radii at the A site within the Pbnm structure. This system is reported to have a 
charge ordered state below 90 K and a spin glass behaviour below 42 K [4]. The experiment was 
performed at the high energy diffraction beamline BW5 at DORIS with the triple-crystal 
diffractometer using Si1-xGex gradient crystals as monochromator and analyzer. A cryo cooled 10 T 
magnet was used with temperatures reaching down to 2 K. The field direction was directed along 
the a-axis. We measured the magnetic field dependence of the integrated intensity of the 
superstructure reflections at (h ± 1/2, k ± 1/2, 0) and (0, 2k+1, 0). For comparison, the magnetic 
field dependence of the integrated intensity of the main Bragg reflection was measured as well. Fig. 
1 shows the magnetic field dependence of all three peaks measured at 35 K. It can be seen that due 
to the application of magnetic field, the integrated intensity of the superstructure reflections 
increases sharply above the critical field around 8.5 T. At the same time the FWHM of the peaks 
are found to decrease sharply above the critical field around 8.5 T (not shown here). The Bragg 
peak intensity also shows a similar trend due to the structural correlation but the variation in 
intensity with magnetic field is very small compared to the superstructure reflections. Prior to any 
further conclusion, the nature of the (h ± 1/2, k ± 1/2, 0) and (0, 2k+1, 0) peaks must be determined. 
The exact origin of the superstructure peaks is still unclear. This will be investigated further.   
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High symmetry crystals - spinels have the general formula ACr2X4 (where A = Cd, Zn, Hg, 
Ga, Cu; X = S, Se, Te, O). Spinels crystallize in the cubic space group Fd-3m. These crystals are 
very often investigated, because of their electric, thermal and magnetic properties, e.g. the large 
Seebeck effect and colossal magnetoresistance [1 – 5].  
The Hansen & Coppens aspherical pseudoatom formalism [6] presents a research method for the 
understanding the structure in more detail. Application of this formalism will allow us to create 
maps of the charge density and calculations of the properties, among other things net atomic 
charges, Laplacian of the total density, electrostatic potential even in the case of investigating such 
heavy element as Cd which is present in our spinels.  
The experiment was performed on the Kappa-diffractometer at the beamline F1 at DESY, 
Hamburg, Germany. We used as the high-energy synchrotron radiation as it was possible, i.e. 
energy E ≅ 30 keV (λ≅ 0.4 Å), because then it is possible to reduce both absorption and extinction 
[7]. 2 samples of single crystals have been investigated. We used the CCD-detector for the quick 
data collection. We performed the data collection for our crystals at low temperature, i.e. at T = 100 
K in the paramagnetic phase and at T = 150 K in the ferromagnetic phase. 120 frames were 
collected for CdCr2Se4 and for Cd0.5Al0.5Cr2Se4. 

The data images from the CCD-detector were processed with XDS program package [8]. 
Next the initial structure refinements with SHELX [9] were made. Multipole refinements and 
topological analyses via Bader’s Quantum Theory of Atoms In Molecules [10] using the computer 
program package XD [11] currently are in progress.  
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Investigation of the optical properties of a solid material in the vacuum-UV range (VUV), near or 
above the fundamental absorption edge, is made difficult by strong intrinsic absorption. In these 
conditions, photoluminescence measurements on a solid material probe the surface layer of the 
sample only, limited by the penetration depth of the impinging light. On the other hand, reflectivity 
measurements, although exploring only the first atomic layers of the material, allow the indirect 
reconstruction of the absorption coefficient of the bulk material, based on Kramers-Kronig 
transformation of the spectra.  

Amorphous silicon dioxide (a-SiO2) can be regarded as a model system for the study of the physical 
properties of wide band gap (E>6eV) insulators. As a matter of fact, the value of its mobility edge 
has been proposed to lay between 9eV and 11eV [1]. However, the fundamental band-to-band 
transition as well as the influence of exciton dynamics on its properties are still debated as yet. The 
main reason for that is the technical difficulty of performing absorption measurements in this 
spectral region of strong absorption falling in the VUV range. Indeed, very few literature data on 
above-edge and near-edge absorption for SiO2 have been reported before, especially at low 
temperatures. We present here reflectivity measurements carried out at HASYLAB – Beamline I, 
on a-SiO2 in the range of temperatures from 10K to 300K and measurements on crystalline SiO2 (c-
SiO2) at 10K as comparison. Data were extended on the low energy side (E<7eV) by using 
literature data by Philipp [2] and are reported in Fig. 1.  

 

Figure 1: Reflectivity measured in a-SiO2 (full lines) as a function of temperature from 
10K to 300K by 50K steps. Reflectivity measured in c-SiO2 at 10K (dashed line). 

Four main peaks are visible in the reflectance spectra of both a-SiO2 (10.3eV, 11.5eV, 14.0eV, 
17.3eV) and c-SiO2 (10.4eV, 11.4eV, 14.1eV, 17.3eV). In a-SiO2 the peaks at 10.3 and 11.5 eV 
change in both their positions and amplitudes as a function of temperature, whereas the peaks at 
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14.0 and 17.3 eV increase their intensities without noticeably changing their shapes with increasing 
temperature. This difference between the behaviours of the peaks suggests the first two peaks to be 
excitonic, as previously proposed in literature. The broadening of the first peak in a-SiO2 as 
compared to c-SiO2 may be related to the structural disorder in the amorphous phase giving rise to 
inhomogeneous distribution of the excitonic absorption energy. Reflectivity data can be used to 
infer absorption coefficient spectra by Kramers-Kronig dispersion analysis. Work is in progress in 
this direction. 

Silica is also an ongoing issue due to its peculiar properties when it is reduced to nanosized 
dimensions characterized by a large specific surface area. In this case point defects at surfaces have 
a crucial role: for example light emitting centres make silica a prospective material for devices as 
display and lighting technologies [3]. Till now luminescence studies have been mainly performed in 
visible and ultraviolet (UV) range; whereas VUV range has been poorly investigated [3]. To this 
purpose we report a study on a luminescence band extending all over the visible range, detected in a 
porous film of nanosilica thermo-chemically treated at high temperature (T>1000K). In Fig. 2 a) it 
is reported the emission spectrum detected at T=10K under excitation at 6.4eV: it is peaked at 
2.6eV with a full width at half maximum around 1eV. The excitation spectrum monitored at 2.42eV 
(Fig.2 b)) is characterized by a principal peak at 6.3eV with a shoulder at lower energies. Both 
emission and excitation spectra are measured in a time window of 100ns delayed of 100ns from the 
exciting light thus evidencing the slow decay of this emission.    

These features appear to be relevant in connection with the production of down converter lamps or 
in detector devices. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Figure 2: Emission spectrum detected in a porous film of nanosilica under excitation at 
6.4eV (a); excitation spectrum monitored at 2.42eV (b). 
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Luminescence of LiBaAlF6 under VUV-XUV excitation 

S.I. Omelkov, M. Kirm1, E. Feldbach1, V.A. Pustovarov, S.S. Lobanov2 and L.I. Isaenko2 

Ural State Technical University, Mira 19, 620002 Yekaterinburg, Russia 
1Institute of Physics, University of Tartu, Riia 142, 51014 Tartu, Estonia 

2Institute of Geology and Mineralogy SB RAS, Russkaya 43, 630058 Novosibirsk, Russia 

This report presents the results of the study of electronic excitations of undoped LiBaAlF6 (LiBAF) 
single crystals by means of luminescence spectroscopy. LiCaAlF6 (LiCAF) and LiSrAlF6 (LiSAF) 
colquiriite crystals are transparent insulators in VUV region due to their large band gap (>11 eV), 
which makes them suitable for various applications. The Ce3+ and Eu2+ activated LiCAF crystals 
were studied as promising scintillators and thermoluminescence dosimeter materials. However, much 
less attention has been given to the luminescence properties of homologous LiBAF compound. The 
main goal of this study is to analyze the relaxation of electronic excitations of nominally pure LiBAF 
single crystals using luminescence spectroscopy. A special attention was paid to the radiation 
stability of LiBAF crystal under XUV irradiation and its influence on luminescence properties. 

2 3 4 5 6
0

1

5

4
3

2

P
L 

in
te

ns
ity

 (A
rb

. u
ni

ts
) 1

a)

4 6 8 10
0

1

In
te

ns
ity

 (A
rb

. u
ni

ts
)

Photon energy (eV)

2 3 4 5 6
0

1

6

8

7

PL
  i

nt
en

si
ty

 (A
rb

. u
ni

ts
)

b)

Photon energy, eV

4 6 8 10
0

1

In
te

ns
ity

 (A
rb

. u
ni

ts
)

Photon energy (eV)

 

d)

P
L 

 in
te

ns
ity

 (A
rb

. u
ni

ts
)

P
L 

 in
te

ns
ity

 (A
rb

. u
ni

ts
)

c)

5

4

3 2

1

10 12 14 16 18 20 22

8

7

6

Photon energy (eV)

0 50

2

P
L 

 in
te

ns
ity

 (A
rb

. u
ni

ts
)

Decay time (ns)

1

 

Figure 1. Time-resolved PL emission spectra of LiBAF at T = 10 K (a) and at T = 295 K (b): 
Eexc = 7.42 eV (1,6), Eexc = 12.3 eV (2,3), Eexc = 16.9 eV (4,5,8), Eexc = 10.97 eV (7). Time-integrated 

(1,3,5,6,7,8) spectra are shown by solid lines, fast components (2,4) by dotted lines.  
Time-resolved PL excitation spectra of LiBAF crystals at T = 10 K (c) and T = 295 K (d): Eem=4.27 eV (1), 
Eem= 3.05 eV (2,3,4,6,7,8), reflectivity spectrum (5). Time-integrated (1,2,5,6) spectra are shown by black 

lines, fast (3,7) and slow (4,8) components by red and blue lines, respectively. Fast time window delay 
wast1 = 1.5 ns and width t1 = 8.6 ns; for the slow window t2 = 123 ns and t2 = 52 ns. Insets: PL 

excitation spectra Eem= 2.58 eV at T = 10 K (a), and Eem= 2.25 eV at T = 295 K (b). PL decay curves of 
LiBAF at Eem=3.1 eV (d): T = 298 K Eexc = 12.1 eV (1) , T= 10 K Eexc = 12.3 eV (2). 

The present study was carried out by the means of the low-temperature time-resolved luminescence 
spectroscopy under VUV and XUV excitation. Time-resolved and -integrated photoluminescence 
(PL) spectra (1.5 eV - 6.2 eV), PL excitation spectra (in the range of 3.7 eV - 20 eV), and the decay 
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Figure 2. Normalized time-resolved LiBAF emission spectra, excited by XUV photons at different 
temperatures. (1-time-integrated, 2-fast: delay t1 = 0 and width t1 = 17 ns, 3-slow: t2 = 54ns and 

t2 = 85 ns). Inset: Decay curve is recorded at Eem = 6.5 eV. 

kinetics of PL were recorded at the SUPERLUMI station (Beamline I). The 0.3 m ARC SpectraPro-
308i spectrometer equipped with the R6358P (Hamamatsu) PMT were used for luminescence 
registration system. The PL excitation spectra were corrected using sodium salicylate as a standard. 
All the examined single crystals were grown from the corresponding metal fluorides at the Institute 
of Geology & Mineralogy (Novosibirsk, Russia).The time-resolved PL spectra (2.5–9.0 eV) as well 
as the decay kinetics of the PL were studied using XUV synchrotron radiation from the BW3 
beamline. The PL spectra were measured by a 0.4 m vacuum monochromator (Seya-Namioka 
scheme) equipped with a microchannel plate-photomultiplier (MCP-PMT 1645, Hamamatsu).  

Figure 1 summarizes very complex luminescence data obtained for LiBaAlF5 crystals. The intrinsic 
emission observed at 4.2 eV is due to self-trapped excitons. The fast (3 ns at T = 10 K) 
luminescence of recombination type emission center revealed at 3.0 eV, which is effectively excited 
by creation of excitons near 11 eV, and it is not completely quenched at room temperature. The 
origin of this center is tentatively ascribed to the recombination of excitons near defects. The energy 
gap is estimated to be 12.1 eV in LiBAF, smaller than that of 12.65 eV in LiCAF [1]. The weak and 
extremely fast (  0.3 ns) emission peaked at 6.5 eV, well excited by XUV photons (Fig. 2), is 
interpreted as crossluminescence, due to the recombination of valence band electrons with holes in 
the Ba 5p outermost core level. Its intensity does not significantly depend on temperature (note that 
the scales at left and right parts of Fig.2 are different), but other emissions degrade remarkably under 
XUV irradiation at temperatures below 210 K. The degradation strength for emission centers is 
strongly temperature dependent and the 3.0 eV emission more influenced than intrinsic one at 
T=10 K. The mechanism behind the effect is most probably defect creation under XUV radiation, 
which introduces additional non-radiative decay channels and prohibits energy transfer to 
luminescence centers. According to our studies the defects are unstable and at higher temperatures 
luminescence intensity is restored due to thermal processes recovering initial crystal lattice. 

In addition, the luminescence peaked at 2.5 eV was found due to an uncontrolled impurity in LiBAF. 
The crystal growth is complicated for fluorides, especially preventing possible oxygen-
contamination. The PL and PL excitation spectra of oxygen-related centers in LiBaF3 [2] resemble to 
those revealed by us for this center, which allows to tentatively assign the 2.5 eV luminescence band 
to an oxygen-related emission center. 

Acknowledgements: This work was partly supported by the European Commission (Grant 
FP7/2007-2013, grant 226716), RFBR (07-02-00442), Estonian Science Foundation (grant no. 
8306) and Archimedes Foundation (Estonia, DoRa 5 program). 

References 
 

[1] M. Kirm, M. True, S. Vielhauer, G. Zimmerer, N. V. Shiran, I. Shpinkov, D. Spassky, K. Shimamura 
and N. Ichinose, Nucl. Instr. Meth. A 537, 291 (2005). 

[2] B. Henke, U. Rogulis and S. Schweizer, J. Phys.: Condens. Matter 18, 1577 (2006). 

-807-



RIXS spectroscopy of titanium and vanadium 
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In the project, resonant inelastic x-ray scattering (RIXS) spectra of titanium and vanadium 
compounds were measured with a view to evaluate effects caused by slight distortion of the 
geometric arrangement and by changes of the oxidation states on the density of unoccupied states. 
Vanadium and titanium were chosen for the investigation because they exhibit in their compounds 
a wide range of coordination geometries (octahedral, tetrahedral, square pyramids) and formal 
oxidation states and therefore they are very suitable for the systematic study and understanding of 
the effect of bonding and coordination symmetry on the electronic states. All recorded spectra were 
analysed semi-empirically and compared with the absorption spectra calculated within a ligand 
field multiplet model [1]. In the case of titanium dioxide (both rutile and anatase), the absorption 
spectra were calculated by means of multiple scattering method as well 

The selection of vanadium compounds under investigation included oxides (VO, V2O3, VO2, V6O13 
and V2O5), intermetalics (VC, VN, VSi2, V3Si and V5Si3) and additionally vanadyl sulphate 
VOSO4.3H2O and vanadyl acetylacetonate VO(acac)2. The set of titanium compounds comprised 
oxides (rutile and anatase) and intermetalics (TiC, TiN, TiB2, TiSi2 and Ti5Si3). Unlike Wong et al. 
[2] that investigated the fine structure of the absorption spectra in the vanadium compounds by 
means of x-ray absorption spectroscopy, we employed the method of the resonant inelastic x-ray 
scattering (RIXS). The method is in many respects similar to the x-ray absorption fluorescence 
spectroscopy (XAFS), with the exception that high-resolution analyzers and position sensitive 
detector are applied for the analyzing and recording of fluorescence radiation [3] instead of solid 
state detectors. In our experiment we tuned the energy of the primary beam through the absorption 
K edge of the element investigated and recorded either its Kα fluorescence spectra (so called 1s2p 
RIXS) or it Kβ fluorescence spectra (in this case we speak about 1s3p RIXS). 

During our last two beamtimes in December 2008 and in March 2009 there were measured 1s3p 
RIXS spectra of vanadium and 1s2p RIXS spectra of titanium compounds. The other measurements 
(1s2p RIXS of titanium and 1s3p RIXS of vanadium) had been carried out during our previous 
beamtime in September 2007 [4]. All experiments were performed on in-vaccuo Johann 
spectrometer at beamline W1. For the measurements of vanadium samples we used Si311 analyzing 
crystal with Bragg angle θ=66.45º that provides almost ideal combination of energy resolution and 
dispersion for our purposes. For the titanium samples, the only analyzer that we could use was 
Si331 crystal with the applicable Bragg angle θ=57.06º. That resulted in the energy resolution that 
was a bit worse as commonly attained, nevertheless, it was still appropriate. During the 
measurement we scanned the excitation energies generally in steps of 1 eV, in the case of rutile and 
anatase then in steps of 0.5 eV or even 0.25 eV. The measurement of one frame of the fluorescence 
spectra took around 45s and below the absorption edge at least 20 frames at each excitation energy 
were measured in order to get the sufficient statistics. At the beginning of each frame the intensity 
of incident beam was measured as well. This facilitated to normalize measured fluorescence spectra 
to the same intensitity of the primary beam and combine them afterwards in RIXS planes. 

The example of the experimental spectra is shown in Fig.1. The contour plot on the left represents 
1s3p RIXS spectra of vanadium oxide V2O3 in the range of the excitation energies from 5463 eV to 
5480 eV. For greater clarity we redraw some of the fluorescence spectra for the selected excitation 
energies on the right and we can  observe there the evolution of the Kβ1 and Kβ3 fluorescence lines 
below the absorption edge. The fluorescence lines reveal the fine structure on the onset of the pre-
peak that are otherwise hidden in the conventional XAFS and particularly that one at the excitation 
energy of 5466 eV clearly identify the transition that is resonantly amplified. 
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Figure 1: 1s3p RIXS plane of vanadium oxide V2O3. 

In the frame of our project we intend to establish charge transfer multiplet calculations [1] as a 
standard tool for analysis of our RIXS experiments. Fig.2 shows the calculations for TiO2 that were 
performed in D4h symmetry with the applied crystal field 10Dq=2.218 eV, Ds=0 eV and Dt=-1.52 
eV. In order to include the hybridization effects in the calculation we mixed there 3d0 and 3d1L 
configurations in the ground state and 1s13d1+1s13d2L configurations in the final state. Besides that 
the value of charge transfer energy ∆ was increased to 6 eV and the difference Udd-Upd to 4 eV. The 
shape of the calculated spectra in general corresponds to the features observed in experimental 
RIXS spectra, although the distances between particular peaks are in the calculations larger than in 
the experiment. 

 

 

 

 

 

 

 

 

 

Figure 2: 1s3p RIXS plane of anatase (left) compared with charge transfer multiplet calculations (right)  
of the pre-edge in TiO2 
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Tellurium doped GaAs is an important material used in optoelectronics. In heavily doped GaAs:Te 
reversible changes of the free electron concentration with the high temperatures annealing were 
observed since early sixties [1].  Tetrahedrally coordinated Te substituting As is a shallow donor, 
and electron concentration usually equals to the concentration of Te atoms. However, for some 
thermal treatments the electron concentration drops significantly. Various hypotheses were 
proposed to explain this deactivation mechanism in GaAs:Te. Fuller and Wolfstirn [1] suggest 
creation of “impurity molecules” which trap electrons. Gebauer et al. [2] identified VGa-TeAs 
complexes as responsible for the compensation effect. However, the latter hypothesis does not 
explain recovery of the electron concentration by the high temperature annealing. Using the X-ray 
diffuse scattering technique, the reversible changes of the concentration were attributed in [3] to the 
creation of the impurity pairs. In this contribution we report an attempt to determine local changes 
around Te atoms for different states of the GaAs:Te crystals corresponding to different electron 
concentrations. 

GaAs:Te crystal has been grown by Czochralski method. Tellurium concentration was                 
(1.7-1.8)×1019 cm-3. Three samples were cut from that crystal and annealed at 1185°C for 4 h 
(sample J1), at 1050°C for 39 h (sample BA), and at 800°C for 288 h (sample J3). For the J1 
sample free electron concentration is approximately equal to the tellurium atoms concentration. (we 
call it a high electron concentration state). For the samples BA and J3 free carrier concentration is 
1.5×1019 cm-3 and 3.5×1018 cm-3 respectively. We refer to the J3 sample as the low electron 
concentration state. 

EXAFS measurements at the Te K edge have been carried out at the X1 beamline of the DORIS3 
ring in the HASYLAB at room temperature and at 80 K. Due to the high dilution of Te in our 
crystals ([Te] < 0.1%) multiple-scans were recorded in the fluorescence method and Si:Li detector 
was employed. Ifeffit package was used for the data analysis. Fig.1. shows the Fourier transforms of 
the EXAFS oscillations for 3 samples.    

For the J1 and BA samples the 
substitutional TeAs model fits 
perfectly the EXAFS data (Fig.2a), 
with dilatation of the nearest-
neighbour distance due to the 
difference in atomic radii of Te and 
As (from 2.43 Å for the As–Ga 
distance to 2.65 Å  (on average) for 
the Te–Ga bond length). 
Surprisingly, no significant increase 
in the interatomic distances is noted 
for the second- and third-neighbour 
shells. For the J3 sample the 
EXAFS from the first coordination 
shell is very similar to that of other 
two samples. Thus in a low electron 
concentration state, the close 
environment of Te atoms remains 
unchanged as compared to the high 
concentration state. We cannot see 
differences in the first-neighbour-
shell ordering: the FWHM value of 

 

Figure 1: Fourier transforms of the EXAFS oscillations for 3 
samples of GaAs:Te. Samples description see text. 
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the first peak is 0.58 Å for J1 and 0.57 Å for J3 sample. So, we have to reject those of DX models 
of Te impurity in GaAs which assume large lattice relaxation in the first-neighbour shell of Te 
impurity (e.g. [4]).  

 

 

Fig.2. Comparison of the EXAFS data for the J1 sample with the TeAs substitutional model (a), and for the J3 
sample with the combined model – isolated TeAs + TeAs pairs (b). 

Some differences between the J3 sample and other two are visible in the second and third shell 
peaks. Especially the third shell peak (around 4.2 Å) is much lower for the J3 sample. We tried to 
find a model explaining these subtle differences. Following findings of authors of paper [3] we 
fitted the model representing pairs of Te atoms on neighbouring As sites including an arbitrarily 
chosen (0.9 Å) relaxation of Te atoms towards each other. This relaxation represents a sort of an 
attractive interaction between them leading to quasi-bonding of two Te atoms. We conserved a 
close environment of Te atoms shifting rigidly Ga tetrahedra together with these atoms. Since 
electron concentration for the J3 sample is approximately ¼ of the Te concentration we assumed 
that ¼ of Te atoms reside in isolated substitutional sites and ¾ are paired. The best fit for such a 
“combined” model is shown in Fig.2b. The peak at about 3 Å in the Fourier transformed EXAFS is 
due to the presence of Te atoms in the second-neighbour shell and the third shell amplitude is 
cancelled out. It is, of course, not unique choice of the Te atoms configuration leading to such 
effects. It solely demonstrates that it is possible to find a model based on Te pairing which explains 
qualitatively the EXAFS data. We realize that a proposed Te atoms displacement has to produce a 
lot of strain in the lattice. This is consistent with the observation of a huge number of dislocations in 
the crystals in the low electron concentration state. 

We conclude that annealing induced deactivation of the electron concentration in GaAs:Te is not 
related to the changes in the first-neighbour shell of tellurium. As a hypothesis a Te pairing with a 
relaxation of Te atoms toward each other is proposed. 
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Diffuse Scattering in Pb3(PxAs1-xO4)2 – Ferroelastic 
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Ferroic materials are characterized by the development of switchable orientation states on cooling. 
The existence of anisotropic properties that can be controlled under external fields and their high 
response functions close to the phase transition temperature make ferroics key functional materials. 
The performance of ferroics can be further enhanced by chemically induced tuning of the nanoscale 
atomic clustering and this naturally leads to the use of solid solution ferroics with mixed chemical 
occupancy on specific crystallographic sites. 

Many functional materials possess their outstanding properties because of the existence of specific 
nano-sized ferroic atomic clusters that dynamically flip between energetically equivalent 
orientational states. These ferroic nanoregions are too small to produce Bragg diffraction peaks, but 
give rise to X-ray diffuse scattering (XDS) whose intensity may be several orders of magnitude 
weaker than the intensity of common Bragg reflections. The evolution of the diffuse scattering with 
temperature (and pressure) directly reflects the transformation processes in the ferroic nanoregions 
and allows the mechanism of nucleation and subsequent coupling of the ferroic structural species to 
be elucidated. 

Studies of palmierite-type ferroelastics with compositions Pb3(PO4)2 and Pb3(P0.5As0.5O4)2 were 
performed at beamline F1 (Hasylab/DESY) using a wavelength of 0.040 nm, a CCD detector 
system (marCCD165) and an in-house developed  N2(l)-gasstream heating device. Data collections 
were done 10 °C above the ferro/paraelastic transition temperature for both compounds (456 K and 
265 K, respectively) with thin-slicing (stepwidth 0.3°) and sample-detector distances of 120 mm 
and 350 mm. Prior to this, 90° Phi scans with stepwidths of 2° were performed to obtain relevant 
parameters for the subsequent reciprocal space reconstruction (eg. sample orientation matrix, 
detector misalignment). The diffuse scattering data were rescaled for the primary beam decay and 
pixel-wise corrected for background scattering, sample-external scattering, solid angle and 
phosphor transmittance and remapped to a regular grid. 

Lead phosphate-arsenate solid solutions are improper ferroelastics showing phase transition from a 
paraelastic high temperature phase with R-3m symmetry to a monoclinic ferroelastic phase (C2/c). 
The transition mechanism is related to a shift of Pb atoms away from the triad axis of the paraelastic 
structure, correlated with a tilt of the PO4 tetrahedra. Similarly to complex perovskite-type relaxor 
ferroelectrics, ferroelastic nanoregions occur at temperatures well above the temperature of 
macroscopic para-to-ferroelastic phase transition and they give rise to a specific pattern of 
diffraction maxima. The diffraction patterns show two distinct types of diffraction maxima. The 
stronger and sharper ones belong to the trigonal metric of the high-temperature phase. Around this 
first type of reflections groups of six or four diffuse maxima can be found which are forbidden by 
the symmetry of the paraelectric phase, but allowed in the ferroelectric phase. These reflections 
must be indexed with half-integers according to the high-temperature symmetry and display the 
C2/c extinction rule of the monoclinic low-temperature phase (Figure 1). 

These diffraction patterns are thus interpreted as stemming from nanoregions whose local structure 
resembles that of the ferroelastic phase. The nanoregions are purely dynamic in pure lead phosphate 
showing weaker intensities, but have a static component once the material is doped with As. 
Further, our recent temperature-dependent Raman scattering investigation on palmierite-type 
ferroelastic Pb3(P1-xAsxO4)2 mixed crystals [1] showed that, for intermediate compositions, this 
material exhibits a multi-step phase transformation with two well-separated characteristic 
temperatures of transformation for the arsenate and phosphate complexes. This class of behaviour 
opens up a whole new field of potential materials applications. On cooling, the PO4 tetrahedra 
remain dynamically disordered until the macroscopically determined phase transition temperature 
Tc, while the AsO4 tetrahedra become ferroelastically distorted well above Tc. However, the XDS 
has only been studied in detail for P-rich compositions [2].  
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Ongoing studies will deal with the temperature-dependent analysis of the evolution of XDS for pure 
and slightly P-doped lead arsenate in order to better understand the effect of the dominant 
tetrahedral cation on the formation and coupling of incipient ferroelastic nanoclusters. The 
measurement of the profiles of the diffuse scattering will allow to separate out the dynamic and 
static contributions to the scattering [2] above the macroscopic phase transition, and whether the 
picture of “dynamic” AsO4 groups and “static” PO4 groups suggested by analysis of the Raman 
scattering [1] is correct.  

 

 

Figure 1: Pb3(As0.5P0.5O4)2: Reconstructed (hk0)-plane with precursor-induced diffuse scattering around 
paraelastic Bragg reflections. IBragg/IDiff = 10

4
. Indices are given in hexagonal setting. 
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V.N. Kolobanov, V.V. Mikhailin, S.P. Chernov, D.A. Spassky 1, V.N. Makhov 2, M. Kirm 3,  
E. Feldbach 3, and S. Vielhauer 3 

Physics Department, M.V. Lomonosov Moscow State University, 119992 Moscow, Russia 
 1Skobeltsyn Institute of Nuclear Physics, M.V. Lomonosov Moscow State University, 119992 Moscow, Russia 

2P.N. Lebedev Physical Institute, Leninskii Prospect 53, 119991 Moscow, Russia 
3Institute of Physics, University of Tartu, Riia 142, 51014 Tartu, Estonia 

The co-existence of different types of self-trapped excitons (STEs) is a characteristic feature of 
insulating crystals and the studies of their nature, formation and existence conditions of different 
STEs attract much attention of researchers. According to modern understanding, the STEs decay 
radiatively from one or more local minima on the adiabatic potential energy surfaces for the spin-
singlet and spin-triplet states of the lowest orbital energy (see Ref. [1] and references therein). 
From the singlet states, fluorescence with a short lifetime is emitted whereas from the triplet states, 
luminescence with a long lifetime is observed. Accordingly, one of the main methods for the 
studies of different types of STE is time-resolved photoluminescence spectroscopy [2]. The lattice 
configuration of STEs can be considered as “on-center” (or “Vk + e-“) character, i.e. with small 
lattice relaxation, or “off-center” character, where strong asymmetric lattice relaxation occurs. 

In alkaline earth fluoride crystals with fluorite structure (CaF2 and SrF2) the emission bands of the 
triplet and singlet STEs spectrally overlap and show rather large Stokes shift (between 6 and 7 eV). 
The lattice configuration of STE in fluorite crystals is very similar to the pair of adjacent F- and H-
centers. Such strong lattice relaxation (with additional “rotation” of the 2  molecular ion) explains 
large Stokes shift for STEs and can be referred to the off-center geometry of both types of STEs. 

-F

In MgF2 having the rutile lattice structure only slow (triplet, τ ≈ 6.4 ms, hν = 3.2 eV) component of 
STE luminescence has been revealed and studied so far. To the best of our knowledge, there were 
no publications, where emission from MgF2 crystals in the vacuum ultraviolet (VUV) spectral 
range has been considered. The absence of data on VUV luminescence spectroscopy for such well-
known compound as MgF2 is due to the experimental difficulties in the studies of VUV region, 
especially for luminescence with time resolution, where special optics and detectors should by 
applied. In the present work we report on discovery and spectroscopic studies of fast VUV 
luminescence from MgF2 [3]. Most of experiments were performed using VUV synchrotron 
radiation at the SUPERLUMI station of HASYLAB at DESY. However, some measurements were 
performed also at the BW3 undulator beamline under excitation by XUV photons (100 – 600 eV). 

Fast (τ ~ 1.7 ns) broadband (FWHM = 1.1 eV) VUV (hν = 8.4 eV) luminescence from the MgF2 
crystals (of different nature) has been detected at low temperature (T < 80 K) under excitation by 
VUV or XUV synchrotron radiation as well as by electron beam excitation with the energy of 5-10 
keV [3]. This VUV luminescence is efficiently excited under both direct optical creation of 
excitons at 11.7 eV < hν < 12.4 eV and as a result of electron-hole recombination at hν > 12.4 eV 
(the band-gap energy Eg of MgF2 is 12.4 eV). The excitation onset of VUV luminescence is 
situated at ~11.75 eV and is shifted by ~0.5 eV to higher photon energies compared to the 
excitation onset of triplet STE. The 8.4 eV luminescence is thermally quenched (the intensity is 
decreased by 50%) at T > 55 K and the temperature dependencies of 3.2 eV and 8.4 eV emissions 
practically coincide. The combination of the observed properties of VUV luminescence from MgF2 
crystals, namely: (i) the energy position of excitation onset in the region of direct optical creation of 
free excitons (at slightly higher energy than that for triplet STEs); (ii) fast (nanosecond) decay 
corresponding to allowed transitions; (iii) thermal quenching at T > 55 K; allowed us to ascribe this 
emission to luminescence of singlet STEs. In contrast to alkaline earth fluoride crystals with 
fluorite structure, luminescence of singlet STEs in MgF2 shows much smaller Stokes shift than that 
of triplet STEs, similar to “typical” behaviour observed for alkali halide crystals. The relatively 
small Stokes shift for luminescence of singlet STEs (≤ 3.5 eV) corresponds to small lattice 
relaxation for singlet STEs, indicating that this type of STEs in MgF2 can have nearly “on-center” 
lattice configuration of a type (Vk + e-). 
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Figure 1: Emission spectra of MgF2 crystals under excitation by VUV photons: (1) hν = 13.2 eV, T = 9 K; 
(2) hν = 13.5 eV, T = 9 K; another sample; (3) hν = 11.4 eV, T = 9 K; or by XUV radiation (4): hν = 150 

eV, T = 18 K and by electron beam (5): Ee = 5 keV, Ie = 0.5 μA, T = 5.5 K. In the case of excitation by VUV 
photons or electron beam the spectra in VUV and UV/visible spectral ranges were recorded with different 

spectrometers. 
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Figure 2: Excitation spectra of 8.4 eV (1) and 3.2 eV (2) luminescence from MgF2 at 9 K. Reflection 
spectrum of MgF2 at room temperature (3) and 9 K (4). 
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High symmetry crystals - spinels have the general formula ACr2X4 (where A = Cd, Zn, Hg, 
Ga, Cu; X = S, Se, Te, O). Spinels crystallize in the cubic space group Fd-3m. These crystals are 
very often investigated, because of their electric, thermal and magnetic properties, e.g. the large 
Seebeck effect and colossal magnetoresistance [1 – 5].  
The Hansen & Coppens aspherical pseudoatom formalism [6] presents a research method for the 
understanding the structure in more detail. Application of this formalism will allow us to create 
maps of the charge density and calculations of the properties, among other things net atomic 
charges, Laplacian of the total density, electrostatic potential even in the case of investigating such 
heavy element as Cd which is present in our spinels.  
The experiment was performed on the Huber 4-circle diffractometer at the beamline D3 at DESY, 
Hamburg, Germany. We used as the high-energy synchrotron radiation as it was possible, i.e. 
energy E ≅ 30 keV (λ≅ 0.4 Å), because then it is possible to reduce both absorption and extinction 
[7]. We used the CCD-detector for the quick data collection. The following samples of single 
crystals: CdCr2Se4, Cd0.9Eu0.1Cr2Se4, CdxIn1-xCr2Se4, Cd0.5Al0.5Cr2Se4, Cd0.5Ga0.5Cr2Se4 and 
Zn0.5Ce0.5Cr2Se4 were investigated. CdCr2Se4 spinel was measured at T1 = 100 K, T2 = 115 K, T3 = 
125 K and T4 = 150 K. The remaining single crystals were measured at 2 temperatures, i.e. T1 = 100 
K and T2 = 150 K. Unfortunately up to now we are not able to process the data images from the 
CCD-detector using XDS program package [8], because during the measurements some difficulties 
occurred in the CCD-detector. If we are able to overcome this problem, i.e. if we are able to process 
the data images, then we will make the initial structure refinements with SHELX [9] and finally we 
will make multipole refinements and topological analyses via Bader’s Quantum Theory of Atoms In 
Molecules [10] using the computer program package XD [11]. 

 
 

References 

 

 

      [1] J. Krok-Kowalski, J. Warczewski, K.Krajewski, H. Duda, P. Gusin, T. Śliwińska,  A. Pacyna, T.   
          Mydlarz, S. Matyjasik, E. Malicka, A.Kita, Journal of Alloys and Compounds 430 (2007) 47-53 

[2] J. Krok-Kowalski, J. Warczewski, H. Duda, P. Gusin, K. Krajewski, T. Śliwińska, A. Pacyna, T. 
Mydlarz, E. Malicka, A.Kita, Journal of Alloys and Compounds 430 (2007) 39-42 

[3] J. Warczewski, J. Krok-Kowalski, L. I. Koroleva, P. Gusin, T. Śliwińska, T. Mydlarz, S. Matyjasik, 
R. V. Demin, A. I. Abramovich, Journal of Alloys and Compounds 430 (2007) 43-46 

[4] J. Warczewski, J. Krok-Kowalski, P. Gusin, P. Zajdel, Journal of Physics and  Chemistry of Solids 
66 (2005) 2044-2048 
[5] D. R. Parker, M. A. Green, S. T. Bramwell, A. S. Wills, J. S. Gardner, D. A. Neumann, J. Am. 
Chem.Soc. 126 (2004) 2710 

-816-



      [6] Hansen, N. K.; Coppens, P. Acta Crystallogr. 1978, A34, 909 
      [7] T. Lippmann, J.R. Schneider, J. Appl. Cryst. 33 (2000), 156 – 167 
      [8] W. Kabsch, J. Appl. Cryst. 26 (1993) 795-800 

[9] G. M. Sheldrick, SHELXL-97 – A program for crystal structure refinement 
      [10] Bader, R.F. W. (1990). Atoms in Molecules: a Quantum Theory. Oxford: Clarendon Press. 
      [11] XD2006 - a computer program for multipole refinement, topological analysis of charge 
             densities and evaluation of intermolecular energies from experimental or theoretical 
             structure factors. Volkov, A.; Macchi, P.; Farrugia, L. J.; Gatti, C.; Mallinson, P.;  
             Richter, T.; Koritsanszky, T.; (2006) 

 
 

 

 
 
 
 

 
 

 

-817-
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The existing interest in the chemistry of polyoxometallates (POMs) grows not only due to their 
captivating variety of structures and topologies but also because of their potential applications in 
areas as photochemistry, catalysis, ion exchange, molecular magnetism and material science [1-6]. 
A large number of extended solid framework materials based on polyoxometalates have been 
solvothermally synthesized. Nevertheless, it is not clear what happens during the solvothermal 
formation of POMs. Time-resolved energy dispersive in-situ X-ray diffraction (EDXRD) allows 
monitoring the growth of crystalline products or intermediates. 

During the last years we synthesized several polyoxovanadates, some of them containing 
germanium or antimony [7-10]. The first investigations with in-situ EDXRD of the formation of 
germanato- and antimonatopolyoxovanadates were done last year at the HASYLAB Beamline F3. 

Recently we performed the in-situ experiments on the formation of 
[Sb6V15O42(H2O)Ni(C5N3H15)2]{Ni(C 5N3H15)2} 2 (I). This compound is synthesized with Sb2O3, 
NH4VO3 and NiCl2 · 6H2O in 2 mL of 50% aepa (N-2-Aminoethyl-1,3-propandiamine). Like in the 
reaction for the formation of (C6H15N3-H3)4[V14Ge8O50] (C6H15N3 = aep = 1-(2-aminoethyl)-
piperazine)) (II), which was investigated earlier [11], NH4VO3 was used for the synthesis of 
compound (I). In both cases vanadium is reduced from V5+ to V4+ during the reaction. For the 
synthesis of (II) Cu nitrate was used, but Cu is not integrated in the product. On the other hand, Sb 
and Ni are incorporated in the structure of (I) without a change of the oxidation states. 

The mechanism of crystallization and the growth kinetics in the formation of (I) were explored as 
function of the temperature, which was varied between 160 and 190 °C. Data analysis showed that 
the induction time decreases with increasing reaction temperature. At 160 and 170 °C the product 
crystallized without occurrence of crystalline intermediates. Figure 1 shows a Sharp-Hancock plot 
for the reflection (011) of (I) at 160 °C. Two different regions, α < 0.65 and α >0.65, can be 
distinguished. In the first part of the reaction the exponent m is about 0.47, and for α> 0.65 it 
amounts to 0.58. A comparison of the measured data with different kinetic models is represented in 
Figure 2. The results suggest that the crystallization of compound (I) is a diffusion controlled 
process under these conditions. 
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Figure 1: Sharp-Hancock plot of (011) at 160°C.  Figure 2: Comparison of different kinetics models at 160°.       
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Compound (I) can also be prepared by replacing NiCl2·6H2O with other nickel salts. It would be 
interesting to perform further in-situ EDXRD experiments using different nickel salts, since it is not 
clear which is the role of the different anions of the salts applied for the formation of (I) and for the 
reaction progress.  
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The influence of Sb ions on local and electronic 
structures of nonstoichiometric spinel compounds

P. Zajdel, H. Duda, J. Fijak, J. Warczewski

Institute of Physics, University of Silesia, Department of Physics of Crystals, 
Uniwersytecka 4, 40-007 Katowice, Poland

Our project aimed at  describing changes created by antimony doping into the chromium 
based seleno-spinel CuCr2-xSbxSe4. The pure material (for x=0) is a metallic ferromagnet, which 
upon Cr substitution with Sb develops a strong magnetoresistive response. Of a primary interest 
was establishing the influence of the nominal Sb+5 ions onto the charge balance of the system.

Fig.1. Sb K edge recorded in fluorescence mode for x=0.1, 
x=0.2, x=0.25, x=0.5 and Sb2Se3 .

Fig.2. Cr K edge recorded in transmission mode reveals 
no changes in the position of the edge upon Sb doping. 
The red curve is a metallic Cr reference spectra.

The measurement of the Sb K edge of the studied compounds revealed that the Sb ions are 
in the similar charge state as in the Sb2Se3. This means that the antimony is forced rather into +3 
than +5 state (see Fig. 1.).  Simple confirmation of that fact was obtained by the analysis of the Cr 
K absorption spectra, which showed no edge shift with the increasing Sb content (see Fig. 2.).

Fig. 3. Se K edge in transmission mode shows no shift due 
to Sb doping.

Fig. 4. Cu K edge in transmission mode is also weakly 
influenced by Sb doping. 

Further confirmation was achieved by analysis the Se K (Fig.3. Pb L3 used as a standard) and Cu K 
(Fig. 4.) edges, which also showed no significant changes. 
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Therefore, on the contrary to the initial assumption, we have to conclude that the antimony 
is not changing the charge state of the constituent ions of CuCr2Se4, which itself  is a significant step 
towards better understanding of its properties.

The EXAFS data recorded at the same session are still under the analysis.

All EXAFS and XANES data were recorded at least twice to assure the reproducibility and are in a 
publishable quality. 
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Staging and oxygen ordering in superoxygenated
La2CuO4+δ

T. B. S. Jensen, R. Toft-Petersen, L. Udby, N. H. Andersen, M. v. Zimmermann1 and B. O. Wells2

Materials Research Division, Risø DTU, Frederiksborgvej 399, DK-4000, Denmark
1Hamburger Synchrotronstrahlungslabor, Deutsches Elektronen Synchrotron, 22603 Hamburg,

Germany
2Department of Physics, University of Connecticut, 2152 Hillside Road, U-3046, Storrs,

Connecticut 06269-3046, USA

As part of an ongoing investigation [1, 2, 3] we have studied an oxygen-doped La2CuO4+δ sin-
gle crystal (named sLSCO0 B) in a four-circle setup on the hard x-ray triple axis diffractome-
ter BW5 at Deutsches Elektronen Synchrotron (DESY). Non-oxygen doped La2CuO4 undergoes
a structural phase transition from a high-temperature tetragonal (HTT) to a low-temperature or-
thorhombic (LTO) phase due to a tilt of the CuO6 octahedra at lower temperatures. In oxygen-
doped La2CuO4+δ staging peaks around the LTOBmab positionsQ = (0, odd, even) are believed
to reveal a super-periodicity of the tilted CuO6 octahedra due to the excess oxygen. The staging
peaks have previously been examined by neutrons on the TriCSsingle crystal diffractometer at the
Paul Scherrer Institute (PSI) in Switzerland and are positioned atQ ± (0, 0, q), whereq = 2π/λs

with λs being the wavelength of the periodicity.

Figure 1 shows a(0, 3, L)-scan and a(0, K, L) grid map around(0, 3, 2). [Throughout this report
reciprocal vectors are given in the LTOBmab notation.] From the scans we conclude that both
Bmab, staging 2 (q = 0.5) and staging 4 (q = 0.25) peaks are present. The relative intensity of the
peaks at BW5 are approximately the same as those measured by neutrons on TriCS, showing that
the main contribution must be structural.

Figure 1: (0,K,L) grid map (right) and (0,3,L) scan (left) around the Bmab position(0, 3, 2) at T=9 K (the
red line in the grid map depicts the position of the presented(0,3,L) scan). Both staging 2 and staging 4
peaks are seen in the measurements.

The neutron investigations at TriCS revealed features at (0.05,0.27,5.5) and (0.27,0.05,5.5) which
were speculated to be directly related to the excess oxygen ordering [3, 4]. Hence, the features
were nameddirect oxygen peaks. At BW5, a series of longL scans atQ = (0.05, 0.27, L) show a
systematically appearence of intensity at every half-integerL-value (figure 2). Thesedirect oxygen
peaks persisted to the highest measured temperature of 350K albeit at lower intensity in contrast to
[4] where no peak intensity was left at 330K.
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A similar half-integerL dependence was observed at(2 + δq, 2 + δq, L) and(4 + δq, 4 + δq, L) for
δq ≃ 0.17 as shown in figure 3. Since the superoxygenated La2CuO4+δ system contains incom-
mensurate (IC) anti-ferromagnetism (AF) below 40K with characteristic peaks atδH ∼ δK ∼ 1/8
around the AF positions, the observed peaks are possibly thecharge ordering peaks which are ex-
pected in the so-called stripe model which has proven to be applicable to other high-Tc cuprates
such as La1.48Nd0.4Sr0.12CuO4 and La1.875Ba0.125CuO4. In these striped materials, however, super-
conductivity is strongly supressed whereas in superoxygenated La2CuO4+δ it is even above optimal
for the oxygen-stoichiometric La-(Sr,Ba)-Cu-O system.
It is therefore of high interest to invesigate the possible charge ordering peaks in our system fur-
ther and elucidate the relation to the incommensurate magnetism. Furthermore both the suspected
charge ordering peaks and thedirect oxygen peaks seem to persist at all measured temperatures
9-350K and a more detailed study of the temperature dependence and further search for related
features is required.

Figure 2: Long L scan at the direct oxygen position(0.05, 0.27, L) at T=9 K and T=201 K. Features appear
at half-integer values. Insets show a close-up of the regionfrom L=−1 to 3.

Figure 3: Long L scan at the suspected charge ordering positions (2.17, 2.17, L) and (4.17, 4.17, L) at
T=210K. Features appear at half-integer values. Insets show a close-up of the region from L=−1 to 3.
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Atomic structure evolution in bulk metallic glass 

under compressive stress 
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X-ray or neutron diffraction (XRD, ND) are well established methods to measure the elastic strain in 
crystalline materials but can be to some extend also applied for metallic glasses [1-6]. For glassy binary Cu-
Zr ribbons obtained by melt spinning we reported recently changes in the short-range order (SRO) under 
tensile stress were observed well below the elastic limit [7]. Here we analyzed the changes in SRO of a 
Cu64.5Zr35.5 bulk metallic glass (BMG) under compressive stress[8].  

The compression samples with geometry Φ1 mm×2 mm were cut from copper-mold cast rods. In-situ X-ray 
diffraction (XRD) was performed under compression at the BW5 beam-line at HASYLAB (DESY 
Hamburg, Germany) using a straining system (Kammrath and Weiss GmbH). The load was stepwise 
increased up to 1200 N in steps of 200 N and then further increased up to 1450 N (fracture load) with 
decreasing step sizes of 100 N, 50 N and 10 N. 

The nominal stress-strain curve under compressive load of the as-cast glass shows an elastic deformation up 
to (1800 ±20) MPa followed by a yielding behavior without significant plastic flow before fracture (Fig. 1). 
The elastic modulus measured from this macroscopic compression test is E=(100 ± 3) GPa. The inset of Fig. 
1 shows the diffraction pattern of the Cu64.5Zr35.5 BMG without applied stress, exhibiting diffuse rings 
representing its glassy nature. Upon compression loading, the diffraction rings become elliptical, which can 
be characterized by intensity curves of I(q,χ) with respect to the polar coordinates (q, χ). The atomic 
structure of amorphous materials is usually isotropic. However, this situation is no more valid in the 
presence of stress. The  the direction dependent PDF and analogously the structure factor can be expressed 
by expansion into spherical harmonics. As such, the structure factor and the PDF can be separated into two 
components, i.e., an isotropic structure factor [S0(q)], and isotropic PDF [ρ0(r)], and anisotropic components 
of structure factor [Sl(q)] and PDF [ρl(r)], respectively.  

 

 

 

 

 

 

 

 

Figure 1: Compressive nominal stress-strain 
curves of the as-cast Cu64.5Zr35.5 BMG.  

 

 

 

 

 

 

 

 

Figure 2: Isotropic component, ρ0(r), and anisotropic 
component, ρ2(r), of the PDF. 
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Figure 2  shows the isotropic component of the PDF, ρ0(r), for two directions as well as the anisotropic 
component, ρ2(r). The ρ0(r)1870 MPa and ρ0(r)267 MPa curves are almost identical. The amplitude of the maxima 
of ρ2(r) increases with stress, indicating that anisotropy of the structure becomes obvious up to about 1.6 nm 
as pointed out by arrows in Fig. 2. 

Figure 3 demonstrates the change of the SRO of the Cu64.5Zr35.5 glass under applied stress by comparing the 
first maximum of the PDF of the unstrained state with that under 1870 MPa compressive stress. The two 
maxima in the first neighborhood can be attributed to the copper-copper plus zirconium-copper (Sub-peak I 
at r=0.27 nm), and to the zirconium-zirconium (Sub-peak II at r=0.32 nm) distances respectively. Beside the 
shift of the maxima positions the intensities of the two components changes with stress. Also shown in Fig 3 
is the PDF curve ρ(r’) of the stressed state after normalization the maxima position by r’=r/1.01. In the 
loading direction the intensity of the Sub-peak I increases, and decreases for the Sub-peak II respectively.  
For the transverse direction change becomes reversed as it is follows from the χ-dependence of the 
anisotropic component ρ2(r) contribution to the PDF. 

The integrals over the two components of the first maximum of the radial distribution function 4πr2ρ(r) are 
related to the atomic nearest neighbor numbers. The averaged weighted coordination numbers calculated by 
a fit of two gaussian curves (inset of Fig.3), are plotted in Fig. 4 as a function of the stress. In summary, 
anisotropic atomic structural changes occur in Cu64.5Zr35.5 BMG under compression in the elastic range. The 
atomic rearrangements are accompanied by direction dependent changes in the chemical and topological 
short-range order. The medium- range order reflects the macroscopic strain of the BMG. 

 

 

 

 

 

 

 

Figure 3: Changes in the first maximum of 
atomic density, ρ(r), at 1870 MPa 

 

 

 

 

 

 

 

Figure 4: Coordination numbers for the Cu-(Zr,Cu) 
and Zr-Zr atomic pairs  vs. stress 
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Residual stress measurements on cracked Al 
specimens under structural loading in the stress rig.  

D. Schnubel, S. Daneshpour, P. Staron, T. Fischer and N. Huber 

Institute of Materials Research, GKSS Research Centre, Max-Planck-Straße 1, D-21502 Geesthacht 

For the experiments carried out a hydraulic tensile testing machine was mounted in the HARWI II 
beamline to make it possible to perform diffraction measurements on AA6056 and AA2198 
C(T)100 specimens under static loading. Figure 1 shows the experimental set-up with a mounted 
specimen in the stress rig. The experiments were performed at a photon energy of 70 keV. The 
beam cross section was 1 mm × 1 mm and a Mar555 area detector was used to record several 
complete diffraction rings.  

 

Figure 1: Specimen mounted in stress rig at HARWI II beamline. 

The performed experiments give a contribution to the two following research activities. 

1. Effect of overloads on laser welded Aluminium joints 

Aircraft structures operate under spectrum loading (variable amplitude cyclic loading) where load 
history effects occur. The occurrence of an overload (high-low load sequence) can lead to strong 
fatigue crack growth retardation especially in welded Al sheets [1]. In order to explain the crack tip 
evolution due to overloads, HARWI II beamline was used to measure strain fields in cracked 
welded and non-welded AA6056 CT(100) specimens that were subjected to the external loads. The 
aim of the experiment is to provide a deeper understanding of the mechanisms of retardation of 
fatigue crack growth due to variable amplitude loading and shall contribute to improve life 
prediction methods, what is a central issue in the design of enhanced aerospace components and 
assemblies. 

2. Effect of residual stresses and their redistribution on the fatigue crack propagation (FCP) 

Residual stresses in welded structures are normally seen as critical issue, since high tensile residual 
stresses tend to accelerate the FCP. On the other hand compressive residual stresses can have a 
beneficial effect on the FCP performance. This leads to the idea that by a well-directed 
modification of the initial residual stress state it should be possible to improve the FCP 
performance significantly. Mechanical tensioning [2] and laser surface treatment are two 
approaches to do so. In the carried out measurement campaign scans of the residual strain fields on 
four cracked AA2198 C(T)100 specimens with and without external loading were performed to 
provide validation data for numerical simulations.  
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Due to the large grain size especially in AA6056, the normal data evaluation procedure using only 
four small sectors of the measured diffraction rings lead to very noisy results. To overcome this 
difficulties a different approach for the data evaluation was chosen. A data evaluation program was 
written that uses the information of the complete measured Al-311 ring. As a first step, the 
diffraction ring is divided into 180 to 720 small sectors and the lattice parameter shift is calculated 
for each of them. In a next step, an optimization algorithm is used to fit the strains in the global 
coordinate system ε11, ε12, ε22 on the basis of the strain components ε11´ measured in the different 
directions φ of the ring: 

ε11´ =  ε11 cos2(φ) + ε12 sin(2φ) + ε22 sin2(φ)     (1) 

Figure 2 shows an example of the output of this procedure for four diffraction patterns. The 
evaluation software is currently undergoing some final tests, so that the complete evaluation of the 
measurement data should be possible in the near future.  

 

Figure 2: Fit of the global strain tensor on the basis of the evaluation of the whole Al-311 diffraction ring 
(green curve: measured strains for the different directions φ; blue curve: best fit for Equation 1).  
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VUV Spectroscopy and Electronic Excitations in 
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Alumina is widely used technological material in the form of ceramics or single crystals. The 
electronic properties of its stable α–phase have been thoroughly investigated [1,2]. The metastable 
polymorphs (β, γ, δ, Θ, etc.) known as transition alumina have mainly found theoretical attention. In 
α-Al2O3 all Al ions have octahedral coordination (AlO6), whereas in transition aluminas some of them 
are tetrahedrally coordinated (AlO4). The number of occupied tetra- or octahedral sites varies for 
different polymorphs, which leads remarkable differences in their properties. The main goal of our 
work was to study electronic properties of δ- and Θ-phases of alumina and comparison of properties 
with α-phase. Also effects due to size of particles may influence optical properties of nano-powders. 

The plasma processing technique [3] was used to prepare nanopowders from the raw alumina of 
99.7 % purity. The obtained alumina powder was in the mixed δ-, Θ-Al2O3 crystallographic phase 
with spherical particle shape of 75 and 40 nm average sizes (specific surface area 20 and 50 m2/g, 
respectively). Experiments with synchrotron radiation (SR) was performed at the SUPERLUMI 
station (Strahl I) using time windows technique (length ∆t and delay δt). Additional cathodo-
luminescence (CL) studies was performed in Tartu using laboratory setup.  

As shown in Fig. 1a the electron beam excitation results in several overlapping emission bands with 
maxima at 5.5, 4.5, 3.3 and 2.2 eV. Selective excitation by 4.1 eV photons reduces a number of 
bands and the main luminescence maximum is near 3 eV. In time resolved spectra fast nanosecond 
and considerably slower microsecond components were found at 3.1 and 2.6 eV, respectively. 
Photoexcitation at 8.27 eV adds luminescence bands in UV region (Fig. 1b and c). There is always 
present an emission near 1.7 eV with a long decay time, which was assigned to the RΘ doublet (the 
2E → 4A2 transition of Cr3+ d3 configuration) on the basis of high resolution emission spectra.  

Fig. 3 shows excitation spectra, where the main feature is a notable excitation onset at ~7.5 eV 
observed for all emissions being in agreement with earlier results [4]. This onset is assigned to the 
beginning of intrinsic absorption of transition alumina. Theoretical studies predict also the 
reduction of energy gap in a row of α > κ > Θ > γ alumina from 6.72 to 4.40 eV [5]. It is caused by 
the formation of additional sub-bands on the top of valence band due to nonbonding oxygen orbitals 
in oxides. In transition alumina also a downshift of conduction band bottom occurs caused by 
change of potentials due to shorter Al-O bond distances of Al3+ ions in tetrahedral coordination [5]. 

Two types of self-trapped excitons (STEs) were revealed in α-Al2O3 with nanosecond emissions at 
7.6 and 3.7 eV [2]. The shrinkage of the energy gap by ∼1.8 eV of transition alumina influences 
also energetic positions of relaxed excited states. UV emission bands are efficiently excited at 
energies above 7.5 eV, which allows assign those to intrinsic ones. The 5.5 eV band is due to 
singlet STE emission with ns decay kinetics (not shown, τ= 2.2 ns and 13.3 ns) being an analogue 
of 7.6 STE emission of α-Al2O3. Recent studies under XUV excitation at the BW3 beam-line fully 
support this assignement. The 4.6 eV emission has considerably longer decay time and can be either 
due to triplet STEs or of recombination luminescence near defect or impurity centre. 

In the transparency region, there is a competition between defect and impurity absorption as the 
excitation spectra of various centres behave oppositely (Fig. 3a and b). In α−Al2O3 [1] presence of 
F+- and F-centres is well established, emitting at 3.8 and 3.0 eV with the decay times of 2.1 ns and 
36 ms, respectively. The 3.1 eV emission of transition alumina has lifetime in few ns range (τ1= 2.7 
ns and τ2=12.5 ns), also its excitation spectrum consists of 3 peaks, which is typical for transparency 
range of defect rich α-Al2O3. Therefore, it is assigned to the F+ centres in transition alumina as well. 
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Figure 1. Left: a - Cathodoluminescence spectrum (1) of nano-alumina (20 m2/g ) at 5 K and its VUV-UV part 
(1’) recorded through double prism and vacuum monochromators, respectively. The signal intensities of 
spectra were adjusted in the overlapping 5.0-5.2 eV region of both monochromators and the curve (1’) is 
increased by a factor of 5 in order to visualize short-wavelength emissions. Emission spectra of the same 
sample at 8 K excited by 4.1 eV photons of TI (2), fast (3, δt=5.5 ns, ∆t=55 ns) and slow components (4, δt=61 
ns, ∆t=109 ns). The intensity of latter curve (4) is multiplied by 10. b – Emission spectra of nano-alumina (20 
m2/g) at 10 K. TI emission excited by 8.27 eV photons (4), TI (5) and slow (δt=85 ns, ∆t=77 ns) component (6) 
excited by 7.09 eV photons. c - Emission spectra of nano-alumina (50 m2/g) at 10 K. TI (7) and fast (δt=1.8 ns, 
∆t=13.9 ns) component (8) excited by 8.27 eV photons and TI emission excited by 16.5 eV photons (9). 
Right: Excitation spectra of nano-alumina (a and b – 20 m2/g, c -50 m2/g ) at 8 K. a –TI 4.43 eV emission 
(triangles), TI 3.1 eV emission (blue line) and its slow component (circles, δt=61 ns ∆t=109 ns), respectively. 
b- TI 1.75 eV emission (dashed green line), TI 5.5 eV emission (black line) and its slow component (circles, 
δt=85 ns ∆t=77 ns). c-4.43 eV emission (circles), 3.1 eV emission (blue line) and 1.75 eV emission (dashed 
green line) all recorded in TI mode. 

Earlier the 3.2 eV emission has been assigned to the surface F+ centres in alumina nanopowders [6]. 
The 2.6 eV emission with a long decay is tentatively assigned to F-centre luminescence. 

Our study did not reveal any significant effects of particle size, which is obviously too large to see 
any quantum confinement in wide gap insulators with small radius electronic excitations. The main 
effect observed was the decrease of luminescence intensity because of rising contribution of non-
radiative processes on surfaces. The spectral features in the luminescence of 50 m2/g alumina (i.e. in 
sample with smaller particle size) samples are influenced by inhomogeneous broadening effects. 
The determined energy gap of δ-, Θ- alumina is 7.6 eV.  

This work was supported by the European Community's 7th Framework Programme (FP7/2007-2013, grant 
226716) and by the Estonian Science Foundation (grant 8306). 

References 
 

[1] J. Valbis, N.Itoh. Rad. Effects and Defects in Solids. 116, 171 (1991). 
[2] M. Kirm, G. Zimmerer, E. Feldbach, A. Lushchik, Ch. Lushchik, F. Savikhin. Phys. Rev. B 60, 502 

(1999). 
[3] E. Palcevskis, U. Reichel, A. Lipe. Proc. of Xth Int. Baltic Conf. “Materials Engineering & Balttrib 

2001”,Riga, Latvia, 87 (2001). 
[4] M. Kirm, A. Lushchik, Ch. Lushchik. phys. stat. sol. (a) 202, 213 (2005). 
[5] C.-K. Lee, E. Cho, H.-S. Lee, K.S. Seol, S. Han. Phys. Rev. B 76, 245110 (2007). 
[6] S.V. Gorbunov, S.O. Cholakh, V.A. Pustovarov, V.Yu. Yakovlev, A.F. Zatsepin, A.I. Kucharenko. 

phys. stat. sol. (c) 2, 351 (2005). 

-829-



Growth of arc deposited Nb films on a 
sapphire (001) substrate 

 
R. Nietubyć1, W. Caliebe2, E. Dynowska3, 

K. Nowakowska-Langier1, J. Pełka3  P Romanowski3 and Z. Kaszkur4 

  
1The Andrzej Soltan Institute for Nuclear Studies, Świerk, Poland 

2 Hasylab at DESY, Notkestr. 85, D-22603 Hamburg, Germany 
3Institute of  Physics PAS, Warsaw, Poland 

4Institute of Physical Chemistry PAS, Warsaw, Poland 

Three regions of niobium film grown on sapphire (001), which differ in crystalline structure, 
have been found last year from the XRD measurements. This year we proceeded with studies 
of the phase form in the earliest stage of growth process i.e. in the interface region. 
XAFS measurement have been performed at X1 beamline of Doris III storage ring. Nb 
K-edge spectra were measured in fluorescence mode with the seven-pixel Ge detector. Five  
samples having the thickness values: 5 nm, 20 nm, 80 nm 250 nm and 500 nm were studied. 
Additionally, 20 μm thick foil was measured as reference. Measured fine structures χ(k) are 
shown in Fig. 1. They differ in amplitude and shape of fine structure oscillation.  
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Fig. 1 Nb-K-edge absorption fine structures 
measured for Nb/sapphire(001) films 

Fig. 2 Qualitative analysis of th eordring rand in 
15 nm thick Nb/sapphire films. Contribution 
from the fifth coordination shell (red) enables to 
reproduce the bump at k=4.04 Å-1  
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Particularly, we observed an 
evolution of the spectral feature at k= 
4.04 Å-1. It is absent for the thinnest 
films and develops as the thickness 
rises, towards a clearly resolved 
maximum observed for the film of 
250 nm in thickness. 
Obtained spectra were interpreted 
basing on the FEFF calculations of 
fine structure contributions originated 
from scattering paths occurred in the 
Nb bcc crystal. It was found that the 
small maximum at k= 4.04 A-1 

appears due to the contributions 
originated from the single and 
multiple scattering paths of 
photoelectron involving the atoms 
located on the fifth coordination shell 
i.e. in distances of 5.716 Å (Fig.2 ).  
Performed XAFS analysis showed 
that 5 nm thick films, which do not 
show that feature have the range of 
crystalline order reduced to a range 
shorter than five coordination shells, 
which corresponds to 6 Å in distance. 
Similarly the 15 nm and 80 nm films, 
where that feature is not completely 
shaped, exhibit only a little wider 
range of order. Observed 
amorphisation seems to be a 
distinguished feature of the niobium 
phase form in the early growth stage, 
directly on sapphire(001) substrate.  

The films of 5 and 15 nm in thickness, those for which no polycrystalline contribution were 
observed (in 2009), have been studied with the XRD by measuring ω/2θ patterns for various 
orientations of diffraction vector. Results are shown in Fig. 3. The pronounced maximum 
correspond to sapphire (001) planes, while the broaden feature originates from the very thin, 
lateral niobium layer having (110) planes parallel to the surface. Further studies are necessary 
for interpretation of the results presented in this report.  
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Phase Specific Strain Rate and TCD peak profile  

in a Superalloy 

L Dirand1, A Jacques1, J P Chateau1, T Schenk1, O.Ferry1 and P Bastie2.  

1Institut Jean Lamour, Dept. SI2M, Ecole des Mines, parc de Saurupt, 54042 Nancy, France 

2 Laboratoire de Spectrométrie Physique,  38402 Saint-Martin-d'Hères, France  

The Ni base single crystal superalloys are used to manufacture aircraft engine turbine blades since 
they exhibit good mechanical properties at high temperature. During the major part of their high 
temperature creep life, the microstructure of such a single crystal superalloy is lamellar, with 
alternating layers, perpendicular to the [001] tensile axis, of a disordered f.c.c. γ matrix (γ corridors) 
and of an ordered L12 γ ' phase (γ’ rafts). Dislocations usually glide within the softer γ corridors, 
and leave dislocation segments at the γ/γ’ interfaces. The details of the mechanisms of high 
temperature plasticity within the γ’ rafts still remain ill understood, but are expected to involve 
dislocation climb [1]. As a result, very few attempts to model the mechanical behaviour of these 
materials by taking its composite microstructure into account have been successful.  

The aim of the experiment was 1; to measure the variations of stresses and strain rates within both 
phases of a single crystal superalloy with a rafted microstructure, during high temperature 
mechanical testing (950°C – 1150°C), after stress and temperature steps and 2; to correlate the 
mechanical behaviour with the distribution of dislocations within the material. The long term goal 
is to build physically (i.e. dislocation) based constitutive laws for both phases, within the composite 
material, under real conditions of duty.  

1.  Experimental 
Cylindrical AM1 single crystalline specimens ([001] tensile axis) with a 0.45 µm precipitate size 
were grown by SNECMA, and machined by ONERA.  It was pre-strained in tension (1080°C, 120 
MPa), until the onset of stage II of creep, in a high temperature tensile device adapted to in situ X-
Ray tests, in order to obtain a raft microstructure, and stable lattice parameters. The specimen was 
loaded by successive steps up to 275 MPa, then unloaded to 120 MPa for 320 mn, reloaded to 275, 
unloaded for 30 mn, and reloaded for 15 mn before cooling down under stress. The experiment 
lasted less than 24 hours, in order to limit the variations of raft and corridor thicknesses. 

The distribution of the lattice parameters within the bulk of the specimens was measured in situ 
at ~ 300 s intervals by analyzing the diffraction profile of a (200)  type reflection (i.e. perpendicular 
to the tensile axis), using  scans of the analyzer crystal of the Triple Axis Diffractometer of the High 
Energy (BW5) beamline of Hasylab at 120 KeV. The data were analyzed as the sum of three peaks:  
γ' peak (rafts), γ peak (corridors), and a very low intensity γ peak (distorted zones at raft ends and 
dislocation cores). The main parameters of the fit are their positions, heights, and slopes (in 
logarithmic scale). The strain rate of the whole specimen was continuously measured during the 
test.  

2.  Results 

2.1.  Strain rate of the γ’ phase 
The Von Mises stresses and plastic strains in both phases were calculated, taking into account the 
applied load and the elastic strain in the [001] direction, i.e. relative shifts of the TCD peaks 
position.  The data are summarized in Figure 1 as a function of time, and the plastic strain rate of 
the γ' phase 'γε p& is plotted vs. the Von Mises stress in Figure 2. Due to the high relative precision of 
the TCD measurements (a few 10-5), the major sources of error are the specimen temperature and its 
elongation. While the uncertainty on the difference between the Von Mises stresses in the γ and γ' 
phases is ~ 10 MPa, the precision in their variations is within the MPa range. The same is true for 
the plastic strain: the precision in: εpγ -εpγ’ is better than that in the plastic strain of the whole 
specimen. It should be noted (Fig. 2) that 'γε p&  increases under constant stress (arrows) and, after 
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unloading, remains high before slowly returning to its initial value: 'γε p& depends on the stress, but 
also on a parameter which varies on longer timescales. 
  

Figure 1. Von Mises stresses ( top) and plastic strains 
(bottom) in the whole specimen (lines), in the γ ‘ (full 
symbols) and γ  (empty symbols) phases. “Plus” symbols 
indicate the difference between the plastic strain of both 

phases, deduced from variations of ⊥δ . 

Figure 2. Stress dependence of 'γε p& . 

Diamonds, triangles, and dots (resp. full  and 
empty) show the behavior during successive 
loadings (resp. unloadings)  . 

3.  Evolution of the TCD peak profiles   
Figure 3 shows the definition of the width parameters wγ and wγ’ (inverse of the slope of the 

peaks on a Logarithmic scale) of the experimental peaks and Figure 4 their variation with time. 
Both parameters tend to increase with the applied stress, and decrease after unloading: there is an 
apparent correlation with the strain rate. This is supported by simulations of the profiles with 
different dislocation distributions within the material: the slope of the wγ’ vs. wγ curves is much 
higher than might be expected from variations of the order of the interfacial dislocation array only. 
Realistic peak profiles can be obtained only by adding several 1013 m-2 dislocations within the γ' 
phase. This suggests that the variations of the strain rate under constant Von Mises stress are due to 
variations in the dislocation density. We hope to test this hypothesis by directly measuring the 
dislocation densities by TEM on specimens cooled down at the end of the tests. 
 

 
 
 
 
 
 
 

 

Figure 3. Definition of wγ’ and wγ. Figure 4. Evolution of wγ’ and wγ’ during the test. 

4.    Conclusion 
The strain rate of the γ' phase of a superalloy was measured during high temperature loading and 

unloading experiments. A correlation can be found between the long time response of the rafts and 
changes in the width parameters of the TCD profiles. These changes are themselves probably 
correlated with the introduction of a dislocation density of a few 1013 m-2 within the rafts. 
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Charge ordering in Nd1/2Sr1/2FeO3 

C.B. Buckley1, S.R. Bland1, M. v Zimmermann2 and P.D. Hatton1 
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2Hamburger Synchrotronstrahlungslabor at Deutsches Elektronen-Synchrotron, Notkestr. 85, D-22603 Hamburg, Germany 

 

Strongly correlated electron systems such as those seen in many doped perovskite-type transition 
metal oxides (TMOs) have long been studied in relation to their order-disorder transitions of 
charge, orbital and spin degrees of freedom. Research has been especially prevalent when this 
ordering corresponds to a metal-insulator (MI) transition, generating a range of fascinating 
phenomena; for example, high TC superconductivity has been induced in layered perovskite 
cuprates [1], whereas manganite perovskites have shown properties such as multiferroism [2] and 
colossal magnetoresistance (CMR) [3]. One of most important issues in relation to determining the 
mechanisms behind CMR in manganites is the way the electrons charge order, making the study of 
closely related materials highly valuable.  

Charge ordering (CO), first investigated in relation to the Verwey transition in magnetite, Fe3O4 
[4], occurs for mixed-valence systems where electronic exchange takes place until a critical 
temperature is reached, below which these mobile charge carriers localise on ionic sites, creating a 
mixed valence insulating state. Whether or not these valences are integer, indicating whether the 
disproportionation is of an integer number of electrons, has been the source of much debate. This 
has indeed been the case for the series R1-xSrxFeO3, where R = La, Pr, Nd. Studies using resonant x-
ray scattering on La1/3Sr2/3FeO3 [5] found a charge difference, � � 0.6 � 0.2�, a far cry from an 
integer model charge ordering. Although there have been numerous studies performed for the 
	 
 2/3, R = La case [6], [7], very little has been studied for 	 
 2/3, R = Nd [8], [9] with no 
published literature for 	 
 1/2. From these studies we expect Nd1/2Sr1/2FeO3 to adopt a 
pseudocubic structure with charge disproportionation occurring on the iron ions along the [111]C 
axis with valences occurring in a pattern of ...5+3+3+5+3+3+...with 163 � � ��� � 750 �. The 
aim of the study was thus to determine the nature of the charge ordering within the crystal, 
particularly the transition temperature. 

The sample was melt-grown using the floating zone technique in an optical furnace at Oxford 
University with a lattice parameter a0 = 3.855 Å, and studied at the BW5 beamline on the DORIS 
synchrotron at HASYLAB. High energy x-ray scattering (HEXS) experiments were performed and 
the temperature dependence determined for the crystal using a closed cycle helium cryostat and a 
furnace capable of achieving temperatures in excess of 500 K. Throughout the experiment, the 
energy of the x-rays was 100.7 keV. Wide h and k scans in reciprocal space confirmed the location 
of superlattice peaks at (h+½,k+½,l) and (h,k+½,l+½) type positions.  

The scans taken over these diffraction peaks were fitted using Lorentzian, Lorentzian-squared or 
Gaussian functions, establishing values for the full-width half-maximum (FWHM), integrated 
intensity and peak position. These quantities allow us to gauge the extent and type of 
disproportionation of the CO. The movement of the position of both the charge order and Bragg 
peaks in h and k was plotted against the temperature and showed that both were constant to within 
error over the entire range. This indicates that the CO was commensurate with the crystal lattice, 
with thermal expansion having negligible, if any, effect.  

Bragg peaks remained intense and constant over a given temperature, hence normalising against 
them accounted for any systematic errors. This is shown in figure 1, where as well as being 
normalised to the Bragg peak, the intensity of the superlattice peak has been normalised to unity. It 
should be noted that the measurements using the cryostat and furnace were performed 
independently with the crystal being removed and realigned between data sets. At low temperatures 
the integrated intensity remained roughly constant until a temperature of 100 K, after which it 
dropped off linearly. This linear decrease continued at high temperatures until the peak disappeared 
at a temperature of ~ 490 K; this is the charge ordering temperature.  
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Figure 1: Temperature dependence of (1.5 -1.5 0) superlattice peak normalised to the (1 -1 0) Bragg peak 
and then to unity, for both the cryostat and furnace in place. Errors on temperature are small and systematic, 

hence not shown; errors in intensity were propagated from those caused by fitting. 

The correlation length in both the h and k directions remained constant at a value of 100 Å, 
corresponding to 26 unit cells at low temperatures, as shown in figure 2. However, the correlation 
length in k began to drop at just over 430 K, although it remained approximately constant in the h 
direction. This decrease provides another indication of the transition temperature, which appears at 
~490 K. 

  
Figure 2: Correlation length of (1.5 -1.5 0) superlattice peak along the h and k directions for both the cryostat 

and furnace in place. Errors on temperature are propagated from those of figure 1. 

In conclusion, performing HEXS on Nd1/3Sr2/3FeO3 has shown us that CO appears at      

(h+½,k+½,l+½)  type positions commensurate to the crystal lattice at ��� � ��� K. Charge 

ordering increases as temperature decreases until a maximum below T ~ 100 K, and that this 

extends over 26 unit cells.  
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Investigations of the formation of a new 
polyoxometallate under solvothermal conditions with 

in-situ energy dispersive diffraction (EDXRD) 

B. Seidlhofer, E. Antonova, J. Wang and W. Bensch 

Institut für Anorganische Chemie, Christian-Albrechts Universität, Max-Eyth-Straße 2, 24118 Kiel, Germany 

Polyoxometallates (POMs) are usable for several attractive applications like optical sensing, gas 
storage and separation, ion exchange, photochemistry and catalysis [1-8]. For this reason, these 
materials are of great interest and every year several publications appear containing synthesis, 
structure and applications of POMs. Despite the high interest in POM chemistry, the formation of 
such compounds under solvothermal conditions has not been studied until now. In heterogeneous 
reactions like the solvothermal syntheses, many different reaction parameters can influence the 
formation of the product and these effects are still not well understood. With in-situ EDXRD it is 
possible to monitor the occurrences of intermediate phase during the formation of POMs without 
quenching the reaction slurry. Such information can give many hints for the “design” of new and 
interesting materials. 

We started to investigate the formation of the new POMs [C6H15N3-H3]V14Ge8O50 (C6H15N3 = 1-(2-
aminoethyl)-piperazine) (I) and [C4H10N2-H2]4[C4H10N2-H]Ge8V14O50 · H2O (C4H10N2 = 
Piperazine) (II) in 2008 [9, 10]. These compounds are obtained under solvothermal conditions from 
a mixture of 2 mmol GeO2, 3 mmol NH4VO3, 1 mmol Cu(NO3)2 · 3 H2O respectively AgNO3 and 6 
mL of an aqueous 75% aep solution. In ex-situ experiments, we observed that under these reaction 
conditions I is obtained at temperatures from 110 to 140 °C whereas II crystallizes between 150 and 180 
°C. For the formation of II the presence of Cu(NO3)2 · 3 H2O resp. AgNO3 is required and I can be 
obtained also without the metal salts over the whole temperature range. Both I and II were 
contaminated with elemental copper/silver when using Cu(NO3)2 · 3 H2O/AgNO3 while in II the 1-
(2-aminoethyl)-piperazine molecule is transformed to piperazine during the reaction. During our 
research in 2008 we were not able to obtain II under stirring conditions and we could not explain 
this unusual observation. 

In the last measurement period we focussed the experiments on questions which were still open. 
First we investigated whether II can be obtained under dynamic conditions. Several experiments 
were performed to crystallize II under stirring conditions varying the rotation speed of the stirrer 
and also the reaction conditions. But we were not able to crystallize the compound indicating that 
this is an intrinsic property of II, i.e. stirring seems to change the composition and/or concentration 
of the dissolved species thus preventing crystallization. Furthermore, we investigated the influence 
of the metal salt on the reaction kinetics of the formation of I as a function of temperature (120 – 
180 °C). The measurements show that I crystallizes without any crystalline precursor or 
intermediate in a one-step reaction. The induction time remains constant, but the crystal growth is 
much faster at higher temperatures (Figure 1). 

0 50 100 150 200
-0.2

0.0

0.2

0.4

0.6

0.8

1.0

1.2

1.4

1.6

1.8

2.0

2.2

 120 °C
 140 °C
 160 °C
 180 °C

ar
ea

 1
10

Time / min

 

Figure 1: Area of the (110) reflection of I vs. time for different temperatures. 
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The reaction exponent m and rate constant k depend on the reaction temperature. The reaction 
mechanism for α = 0 to 0.5 is diffusion-controlled over the whole temperature range. At α = 0.8 the 
crystallization mechanism slowly changes from a diffusion-control to a first order reaction (Figure 2 
left). At 180 °C the product growth is very fast preventing a detailed analysis. From α = 0.8 to 1 the 
data points steeply increase to very high t/t0.5 values (Figure 2 right).  
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Figure 2: Comparison of the experimental data with different crystallization mechanisms for selected 
temperatures. 

 

References 
 

[1] M. T. Pope, A. Müller, Angew. Chem. 103, 56 (1991). 
[2] A. Müller, P. Kögerler, A. W. M. Dress, Coord. Chem. Rev. 222, 193 (2001). 
[3] M. T. Pope, A. Müller, Polyoxometalates: From Platonic Solids to Anti-Retroviral Activity (1994). 
[4] M. T. Pope, A. Müller, Polyoxometalate chemistry: From Topology via Self-Assembly to 

Applications (2001). 
[5] M. B. Zhang, J. Zhang, S. T. Zheng, G. Y. Yang, Angew. Chem. 111, 2798 (1999). 
[6] D. R. Park, H. Kim, J. C. Jung, S. H. Lee, I. K. Song, Catal. Commun. 9, 293 (2008). 
[7] A. Müller, P. Kögerler, C. Kuhlmann, Chem. Commun. 1347 (1999). 
[8] C. L. Hill, Chem. Rev. 98, 1 (1998). 
[9] J. Wang, C. Näther, P. Kögerler, W. Bensch, in preparation (2009). 
[10] B. Seidlhofer, E. Antonova, N. Pienack, W. Bensch, DESY Annual Report (2009).  

-837-



VUV-spectroscopy of Ce3+- doped crystals with 
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        Crystals MF2 (M = Ca, Sr, Ba) with fluorite-type structure are widely use for many 
applications. The search of the new materials with the required properties is a complication of its 
chemical composition. In binary systems MF2-M’F2 (M, M’  – alkaline earth elements) the isovalent 
solid solutions M1-xM’ xF2 are formed. Two-component Ca1-xSrxF2 (0 < x < 1) crystals was taken as 
the subject of this investigation. It is caused by interest to Ca1-xSrxF2 solid solution crystals as 
optical and laser materials [1,2], its possible application as scintillator materials and for study 
physical processes in mixed cation solutions. Crystals were grown by Bridgman technique. 
Reflectivity spectra of Ca1-xSrxF2:Ce3+

 crystals were measured at the SUPERLUMI station 
(HASYLAB, Hamburg, Germany) [3], luminescence spectra, decay kinetics of luminescence were 
recorded using SR from the BW3 beam-line (HASYLAB, DESY, Hamburg, Germany). 

Luminescence spectra of the investigated Ca1-xSrxF2 (x = 0.25, 0.75) crystals doped with 0.05 
mol.% Ce3+ at room temperature (RT) is presented in fig. 1. In spectra are seen broad bands with 
doublet structure, attributed to interconfigurational transitions in Ce3+ ion from low energy state of 
5d-band to splitted by spin-orbital coupling 4F5/2 and 4F7/2 states of 4f-band. Peaks position of this 
band for Ca0.25Sr0.75F2:Ce3+

 crystal situated at 310 and 330 nm, and for Ca0.75Sr0.25F2:Ce3+
 crystal 

these values are shifted at 5 nm to longer wavelength region because of decreasing of Sr2+ cation 
concentration. Decay times for these luminescence bands are about 50 ns, that is in agreement with 
5d – 4f transitions in Ce3+ ions in alkaline earth lattices. Short wavelength broad bands situated at 
about 275 nm are seen in this specra. Decay kinetics are not single-exponential, and there is a 
considerable contribution of slow component in decay kinetics for this band, and it might be 
attributed to intrinsic luminescence, defects glow or to luminescence of uncontrolled impurities. 
The nature of this band required further investigations. It can be mention here, that this short 
wavelength bands are observed only for solid solution and not in the case of CaF2 and SrF2 crystals. 

Reflection spectra of Ca1-xSrxF2:Ce3+ (0.05 mol. %) x = 0.25, 0.75 and Ca0.59Sr0.41F2, carried out at 
room temperatures are presented in fig. 2. From the region above 9 eV the reflectance is increasing, 
that indicates the crystal transition region termination and beginning of the fundamental absorption 
band, and rapidly reach maximum peak situated at 10.56, 10.76 and 10.9 eV for Ca0.25Sr0.75F2:Ce3+ 
(0.05 mol. %), Ca0.59Sr0.41F2 and Ca0.75Sr0.25F2:Ce3+ (0.05 mol. %) respectively. It can be assumed 
that this peak is produced by exciton creation and one can see this peak shifting depending on 
compound solid solution ratio. 

The support of grant DFG 436 RUS 113/437 is gratefully acknowledged. We are grateful to 
Prof. G. Zimmerer for providing the opportunity to perform measurements at the SUPERLUMI 
station and BW3 beamline for his help during measurements. 
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Figure 1: Luminescence spectra of Ca1-xSrxF2 (x = 0.25 (curve 1) , 0.75 (curve 2)) doped with 0.05 mol.% of 
trivalent cerium, photon energy = 130 eV, RT. 

 

 

Figure 2: Reflectance spectra of Ca1-xSrxF2:Ce3+ (0.05 mol. %) x = 0.25, 0.75 and Ca0.59Sr0.41F2, curves 1, 2, 
3 respectively, RT. 
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STE in Nanostructured  α-Al2O3 Crystals 
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The studies of electronic excitations (EE) and exciton states in nanostructured aluminium oxide  
crystals are very actual due to their wide practical application [1,2]. The relaxation processes 
essentially depend on a phase crystalline structure of synthesized nanosamples and they 
considerably differ from such processes in single macrocrystals [1-4].  

The present study was  carried out by the means of the low-temperature luminescence VUV and 
XUV spectroscopy with the time-resolution. The steady-state and time-resolved photoluminescence 
(PL) spectra, the PL decay kinetics were measured under selective excitation by SR on a 
SUPERLUMI station. The measurements of PL spectra were made using an ARC Spectra Pro-308i 
monochromator and an R6358P Hamamatsu photomultiplier. The PL was recorded in two time 
windows − fast: delay δt1 = 2,8 ns, Δt1 = 8,5 ns; –  slow: δt2 = 120 ns, Δt2 = 50 ns. The time-
integrated and time-resolved PL spectra (2.5–9.0 eV), the PL excitation spectra (in regions of 2L - 
edge of Al and 1S - edge of O) as well as the PL decay kinetics has been measured at 9 K using SR 
from the BW3 beamline. The PL spectra were measured by a 0.4 m vacuum monochromator (Seya-
Namioka scheme) equipped with microchannel plate-photomultiplier (MCP 1645, Hamamatsu). 
The parameters of time windows − fast: δt1 = 0.2 ns, Δt1 = 17 ns; –  slow: δt2 = 54 ns, Δt2 = 84 ns. 

The objects of our studies were samples of nanostructured aluminium oxide powders synthesized by 
method of explosion of a wire, see in detail [5,6]. In addition, the nanopowder was heat treatment 
for preparation of α-phase Al2O3 (the heating to temperature 1550 ºC + subsequent 5 hours 
annealing – type I nanocrystals and the heating to temperature 1550 ºC + subsequent 30 hours 
annealing – type II nanocrystals, we shall use such designations in text). The type I nanocrystals had 
the homogeneous  size of 90 nm, the type II nanocrystals had the average size in range of 1000 nm. 
The synthesized nanocrystals were certificated by a methods of the X-ray phase analysis and scan 
electron microscopy [5.6].  
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Fugure 1: PL spectra and PL excitation spectra of type I (1, 3-5)  and type II (2)   nanocrystals     α-Al2O3,, 

Eexc=10.8 eV, Т=295 К. Curve (3) and insert: fragment of  PL spectra Cr3+ ions recorded using CCD-camera. 

The analysis of presented results permit to make following conclusions – resume  for nano α-Al2O3 
crystals. 1) At differ excitation energy we can observe a PL of defects (310 nm band), Cr3+- ions 
(2E→ 4A2 transition, so named R-line) and low temperature PL of self trapped excitons - STE (7.5 
eV). The 310 nm  emission band can not correspond to F+-centers in sapphire, we believe that it is a 
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PL of excitons, localized on defects in type I and type II nanosamples. 2) The R-line can be 
effectively excited in region of charge transfer band (6.9 eV), in exciton region (9.05 eV) and in 
photon multiplication region at Eexc>2Eg. Bound impurity excitons are very manifestation in type I 
nanosamples.  3) The increase of nanocrystal size: i) sharply reduces a opportunity of formation of 
bound (on Cr3+- ions) excitons, though the R-line is observed in PL spectrum also still; ii) 
transformed electron structure of defects, probably, the surface-modification states of F - like 
defects are observed in nano α-Al2O3; iii) reduces the PL decay time and PL yield  of STE. 4) The 
observed size effects  can be interpeted as specific spectroscopy manifestations of spatial restriction 
of EE movement - confinement effect, known in some low size systems. A increase of the nanosize 
leads to the transformation of electronic structure of defects, as well as to increase of migration  
losses and occurrence alternate predominary nonradiation channels of EE (STE) relaxation.  

6 8 10 12 14 16 18 20
0,0

0,5

1,0 4

I, 
a.

u.
 

Photon energy, eV

1

2
3

5

4

0 40 80 120 160
0,01

0,1

1

2

3

4

1

I, 
a.

u.
 

Decay time, ns
 

Figure 2: Time-resolved PL excitation spectra for 320 nm emission band: fast (1), slow (2), steady-stay (3) 
and for 694 nm R-line (steady-stay) – (4,5) in type I (5) and type II (1-4) nano α-Al2O3,  Т=9К.                                 

Figure 3: PL decay kinetics in 320 nm emission band in type I (1) and type II (2-4) nano α-Al2O3 at Т=295К 
(1,2) and 9 К (3,4). Eexc= 8.95  (1,2), 9.05  (3) and 10.8 eV (4). Fit of curve (3): τ1=6,5 ns, τ2=34 ns. 
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Fugure 4: Time-resolved PL spectra  of single crystal (1), type I (2)  and type II (3) nanocrystals α-Al2O3. 

Figure 5: PL decay kinetics in 7.5 eV emission band (STE - emission) of single crystal α-Al2O3 (1,2), type I 
(3,4) and type II (5,6) nanocrystals α-Al2O3 at Т=9 К: Eexc= 130 eV  (1,3,5) and 525 eV (2,4,6).  
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Tensile strained Silicon channels are an important object of interest for the design of field effect 
transistors (FET) with enhanced electron mobility [1]. Whereas working transistors already exist 
that utilize the strain induced by island-structures etched out of a Silicon-Germanium (SiGe) layer 
[2] underneath the Si channel, strains are limited to 0.25% due to dislocation formation at higher 
strains. The usage of epitaxially grown SiGe islands has been proposed by Schmidt and Eberl [3], 
the advantage of this approach is the ability to incorporate more Ge into such a structure without 
defects, therefore inducing higher tensile strains in the Si capping layer which later acts as channel 
in the so called dot-FET. The distribution of Germanium in such SiGe quantum dot arrays and the 
resulting strain fields have a significant influence on their optical and electronic properties, thus 
controlling their suitability  for applications.  Therefore, realistic modelling of these properties is 
essential. Depending on the growth conditions, especially at a high number of monolayers (ML) of 
Ge deposited, the distribution of Ge within such an island turns out to be highly complex, requiring 
a combination of several techniques to achieve a reasonable result.

In the course of this work a sample series containing ordered SiGe Quantum Dots was investigated 
based on x-ray diffraction and a combination of AFM-studies and selective etching experiments 
called  nanotomography  [4].  The  islands  were  grown  on  pit  patterned  Si(001)  substrates  by 
molecular beam epitaxy (MBE), the amount of Ge varying from 6 up to 38 monolayers (ML) at a 
growth temperature of 720°C. The pattern was established by optical lithography and reactive ion 
etching, resulting in a 2D array of pits with a period of 500 nm. X-ray experiments were carried out 
both at a laboratory source for the islands with larger volumes and at beamline P08, Petra III. Maps 
of  the  scattered  intensities  in  reciprocal  space  around  several  Bragg  reflections  such  as  the 
symmetric (004) and the asymmetric (115), (224) and (404) were recorded. Subsequently AFM 
studies  were  performed,  measuring  the  SiGe  island  shape  after  several  etching  steps  at  room 
temperature in NHH solution [1:1 vol. (28% NH4OH):(31% H2O2)] selectively etching Ge over Si, 
resulting in a 3D map of the Ge content within an island. 

Several changes in the island geometry ('shape oscillations') have been observed performing AFM 
studies, starting with the known sequence of pyramid – dome – barn, then switching back and forth 
between dome and barn-shaped islands if the Ge amount is increased further. TEM studies have 
proven that islands with an aspect ratio over 0.3 grown by depositing 38 ML of Ge at 720° on pit-
patterned Si(001)  substrate  are  achievable  without  dislocations.  The goal  of  these studies  is  to 
accurately reproduce the island's strain state to get more insight to the complex growth mechanisms 
and predict it's influence on Si capping layers and thus the performance of devices based on such 
island structures.

The  experiments  at  P08  were  focused  on  the  low-monolayer  island  samples  of  this  series. 
Measurements  were  performed  at  an  energy  of  9.279  keV (corresponding  to  a  wavelength  of 
1.3362Å). The sample presented here contains pyramid shaped islands with a diameter of 200 nm 
and a height of 16 nm resulting in an aspect ratio of 0.08. Shallow structures like that often provide 
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not enough scattering volume, thus to obtain a signal from the SiGe dots, synchotron radiation has 
to be used. The shape of the model (see Fig.1c) was set up according to the AFM data containing 
(105) and (11n) facets with an inclination angle of roughly 8°. The Ge distribution for the FEM 
model was derived from the mentioned etching experiments with an average Ge content of 34%. 
Displacement fields resulting from this calculations were used to recalculate the scattered intensities 
in reciprocal space for comparison with experimental data as shown in Fig.1a) for the (004) and 
Fig.1b) for the (115) Bragg Peak. The compressive strain values on the island surface range from 
about -0.16 down to -0.008 at the apex, representing a rather low degree of relaxation due to the 
small aspect ratio of 0.08. Studies on dome-shaped islands with a higher aspect ratio and thus a 
higher degree of relaxation showed that tensile strains up to 1% can be achieved in a 30 nm Si cap 
layer grown on top of those islands, even higher values can be expected for barn shaped islands.

Figure 1: Comparison of experimental data (colour-plot) to x-ray simulations (contours) based on the 
displacement fields resulting from a FEM calculation for the (004) (Fig.1a) and the (115) (Fig.1b) Bragg 

peak. The sample shown here contains pyramid-shaped islands (6 ML Ge) with a period of 500nm, 
measurements were performed at P08, Petra III. Section c) depicts the according geometry for the FEM 

simulation, a pyramid with an aspect ratio of 0.08, the resulting strain map is shown in section d).
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Ion implantation in general leads to structure modification and therefore to the occurrence of new 
luminescent and non-luminescent defect centers in the host matrix. It can be used as a tool for the 
tuning of functional characteristics of SiO2-based materials for optoelectronic and photonic devices. 
The role of intrinsic (Si, O) ions implantation on thin film silica luminescence properties have been 
extensively studied (see, for example [1, 2]). Implantation of extrinsic elements with similar 
electronic structure could shed the light on emission centers formation mechanisms. The present 
work is devoted to investigation of S+-implanted SiO2 films luminescence, determination of 
luminescence centers formation regularities as well as their influence on energy structure of the 
material.  

The objects of study were thin “wet” SiO2 films synthesized by silicon thermal oxidation (500 nm). 
All measurements were carried out at T = 9 K. The steady-state (Stat) and time-resolved photo 
luminescence (PL) spectra, the PL decay kinetics were measured under selective VUV-excitation at 
SUPERLUMI station (beam-line I). The primary monochromator with Al-grating had a typical 
spectral resolution of 3.2 Ǻ. The PL spectra was measured using a 0.3-m monochromator model 
ARC Spectra Pro-308i and an R6358P photomultiplier (Hamamatsu) in two time spans Δt1 = 16 ns 
(the fast component) and Δt2 = 69 ns (the slow component), which were delayed relative to the 
beginning of the SR-excitation pulse for δt1 = 3.3 ns and δt2 = 16 ns respectively. Excitation spectra 
were normalized to the same number of SR-exciting photons using sodium salicylate.  

The PL spectra of the unirradiated films include several ODC bands at 2.5-3.5 and 4.3-4.5 eV, 
usually observed for SiO2 glass and films [3]. After implantation of S+ ions (the fluence of 5·1016 
cm−2 and the energy of 150 keV) and subsequent annealing (900°C, 1 hour), the luminescence 
properties of the samples under study change considerably. The most intensive band appears at 2.8 
eV (Figure 1). Its excitation spectra (Figure 2) have a complex shape but mostly rises starting from 
9 eV. Low-intensity maxima within the SiO2 optical transparency gap correspond to matrix point 
defects. Peaks at 10 and 11 eV are in the excitons part of the spectrum. It should be noted that after 
a year of storage in air ambience the implanted samples show excitation spectrum degradation. 
Such behavior is probably due to gradual oxidation and passivation processes. PL decay kinetics 
measured for 2.8 eV peak show microsecond kinetics in the entire excitation range except the 4.3 
eV band demonstrating single monoexponential component with τ =18.5 ns. This band also exhibits 
equidistant oscillations with the step ΔE = 0.05 eV (see inset graph on Figure 2).  
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Along with the PL band described, the 1.75-
1.9 eV maximum appears under 9.9 eV 
excitation which match known wavelengths 
for surface and bulk non-bridging oxygen 
hole centers (NBOHCs) [4]. Contrary to O+ 
ions that are native for oxide matrix, sulfur 
ones create more complex excitation pattern. 
The explanation would be as follows: during 
the annealing extrinsic S+ ions form sulfur 
nanoinclusions which introduce additional 
point defects at the nanocluster-silica 
interface. These defect states are capable of 
low-intensity excitation maxima creation 
within the SiO2 band gap. As it was shown in 
the work [5], the absorption band with a 
maximum at 4.4 eV has a resolved vibrational 
structure and is assigned to the S2 molecules 
weakly bound to the SiO2 network. Later in 
[6] the same luminescence was attributed to 

S2
+ ion because the locations of the vibrational lines and their mean vibrational frequency for this 

ion are in better agreement with experimental ones. Exact coincidence of our oscillations period ΔE 
with the value obtained in [5, 6] further proves sulfur nature of luminescent center observed. The 
fast kinetics of this peak also suggests direct intracenter excitation character, while at higher 
energies the indirect excitation takes place.  

The most interesting effect of the ion implantation is appearance of high-energy excitation bands. 
Similar peaks were observed for oxygen-implanted silica film [2]. Thus the luminescence in 2.4 – 
3.2 eV region together with 9 – 10 eV excitation seems to be present regardless of the implanted ion 
type, at least for VI group elements. VUV excitation is capable of free excitons creation followed 
by either self-trapping or nonradiative relaxation. According to [4], such synchrotron radiation leads 
to O-H bond breaking and excited NBOHC formation. Such assumption agrees well with 1.9 eV 
band appearance under hvexc > 9 eV. Indeed, wet silica itself can have considerable hydrogen 
concentration, and subsequent ion implantation should further supply some amount of OH groups.  
Remaining portion of self-trapped excitons transfer their energy to S-related centers and emits light 
with 2.5-3.2 eV spectrum. The superposition of relaxation processes described results in 
nonelementary shape of 10 eV excitation maximum (Figure 2). 

Thus sulfur-implanted samples in their comparison with oxygen ones allowed clear discrimination 
of implant-dependent, defect- and exciton-related emission. However the set of low-energy 
excitation within the silica band gap remains a subject for future investigations. 
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Diluted magnetic semiconductor (DMS) are of considerable interest for future applications in the 
field of spintronics [1,2]. A good candidate for a DMS is the IV-VI ferromagnetic (FM) semicon-
ductor Ge1−xMnxTe, which has a Curie temperature TC of about 150 K for bulk material [3]. In con-
trast to the Mn-based III-V compounds, in the IV-VI material the carrier density can be controlled 
independently of the concentration of the magnetic ions and the solubility limit of Mn exceeds 90% 
within the GeTe host lattice in bulk [3] and thin films grown by molecular beam epitaxy (MBE) 
[4]. TC values of 130 K are reached for Ge1−xMnxTe thin films grown by ionized-cluster beam [5] 
and very recently of 180 K [6] and 190 K [7] by MBE techniques with Mn concentrations xMn of 
0.55 and 0.08, respectively. Within the Ge1−xMnxTe system, the hole concentration and hence the 
magnetic properties can be controlled by changing the stoichiometric composition, i.e. by forming 
Ge vacancies with an excess Te2-flux with respect to the Mn growth rate [8]. The crystalline struc-
ture and phase of MBE grown samples, however, depend strongly on the Mn concentration as well 
as on growth conditions such as substrate temperature TS and excess Te2-flux.  

Using high-resolution x-ray dif-
fraction at beamline BW2 at 
DORIS, we have investigated 
changes in the crystal structure 
for samples grown at different 
substrate temperatures, shown in 
Fig. 1. In scans along the [111] 
growth direction, i.e. along the 
reciprocal space vector qz, up to 
the (444) Bragg peaks, new cry-
tallographic phases are observed 
for the high temperature samples 
(panels a,b). Sample #1 grown at 
310°C depicts a cubic (111) NaCl 
structure proven by the (222), 
(333) and (444) reciprocal lattice 
points (RLPs). No other RLPs 
corresponding to incoherent fer-
romagnetic precipitates, like e.g. 
Mn5Ge3 [9] or Mn11Ge8 [10], are 
visible. However, an asymmetric 
broadening of the (333) and(444) 
RLPs, i.e. at larger q-values, can 
be observed already at low 
growth temperatures. This may 
be an indicating for a beginning 
formation of small amounts of 
additional phases. From the posi-
tions of the Bragg peaks we de-
rive a lattice constant a0 of 5.88 Å 
for cubic Ge0.45Mn0.55Te. This 
value is in good agreement with 
the a0 value of bulk material for 
xMn = 0.63. At TS = 315°C (sam-

 

Figure 1: (a) Radial XRD scan of samples #1-#3 with the same 
nominal xMn=0.55, but grown at TS values of 310°C, 315°C, and 
335°C. (b) Radial XRD scan of samples #4-#7 with the same 
nominal xMn=0.45, but grown at TS values from 300°C to 335°C. 
(c) Integrated peak intensities Iint (crosses) at the positions marked 
in (b) and the saturation magnetization Msat (circles) vs. TS of 
samples #4-#7. The highest Iint is normalized to the highest Msat 
value; the black line is a linear fit to the Iint data. 
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ple #2) the cubic Bragg peaks show shoulders on the left and right side, whereas for TS = 330◦C 
(sample #3) the shoulders evolve into two separated peaks around the cubic RLPs. We can identify 
the additional peaks on the right side as the (004), (006) and (008) RLPs of a pure hexagonal MnTe 
phase, whereas the left RLPs correspond to a rhombohedrally distorted Ge1−xMnxTe phase with re-
duced xMn. From reciprocal space maps around the (264) RLP (not shown), we can measure the in-
plane and out-of-plane lattice constants independently, and obtain the lattice constant a0 = 5.94 Å 
and a distortion angle of 88.4°. Comparing these values to those of single-phase reference samples, 
we derive a Mn content of only 0.17. The same behaviour is observed for the second sample series 
(#4 -#7) with xMn = 0.45 nominally (panel b). Here, the onset of the formation of the hexagonal 
MnTe phase is found at TS = 325°C (sample #6), whereas the reduced Ge1−xMnxTe phase (again 
with xMn = 0.17) evolves at 335°C (sample #7). The activation temperature for the onset of the 
phase decomposition between cubic Ge0.55Mn0.45Te and hexagonal MnTe is 10°C higher in the sec-
ond series as compared to the first one with xMn = 0.55, probably due to the higher Mn concentra-
tion available for phase separation in the first series. The particular mechanism driving this phase 
separation is still under investigation. From our XRD measurements, however, we can conclude 
that the new phases keep the crystallographic orientation determined by the (111) BaF2 surface. 
The hexagonal MnTe c-axis is parallel to the [111] growth direction and distorted Ge0.83Mn0.17  
strictly aligns along [111], too. 

Furthermore, in Fig. 1(c) we compare the integrated XRD peak intensity Iint below the cubic (222) 
RLP of Ge0.55Mn0.45Te (crosses in Fig.1(b)) with the total ferromagnetic saturation magnetization 
Msat of samples #4-#7 as a function of TS. Both, the magnetic as well as the crystallographic proper-
ties should be proportional to the total volume of cubic and ferromagnetic phase, respectively. 
Normalizing Iint and Mint values at TS = 300°C, both values decrease linearly and with almost the 
same slope towards higher temperatures. The same trend is observed for the first series, with a 
more discontinuous slope related to less homogenous growth conditions within this series. These 
data give strong evidence that the observed ferromagnetic behaviour originates from the cubic 
Ge1−xMnxTe phase, i.e. from Mn2+ ions sitting at substitutional Ge sites. 
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The study of pure 1-palmitoyl-2-oleoyl-sn-glycero-3-phosphocholine (POPC) bilayers in excess 
water revealed quite challenging. Two phases seem to be present at high temperature usually 
attributed by other researchers to OPPC contamination, fact that we discarded by measuring 
OPPC:POPC mixtures, Figure 1. We have proved that OPPC mixes ideally with POPC and 
displays the same SAXS pattern of POPC, increasing our convincement that two distinct molecular 
arrangements are possible for phospholipids with one saturated and one unsaturated chain (hybrid 
phospholipids) [1,2]. These two arrangements can individualize and stack in two clearly separated 
structures that display independent and well-defined SAXS diffractions. We are aware that our 
proposal conflicts with the ordinary way in which the lipid community understands the 
phospholipid lamellar mesophases and we need to crosscheck our results by using other hybrid 
phospholipids, and discard all possible sources of artifacts, namely the contamination with vestigial 
amounts of lysolipid. Being POPC the more common lipid in living organisms, for which nearly no 
structural data exists in the literature, we think that our effort is essential for the understanding of 
the mechanisms used by cells in trafficking, and why, being bioenergetically disadvantageous 
compared with other possible phospholipids, POPC is the choice of the Nature.  
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Figure 1 – Diffraction from POPC in excess water showing the anomalous expansion behavior and the 
second peak. At all temperatures above 20 ºC a good fit to a sum of two Lorentzians is obtained. 

In the cell plasma membrane, and in many other biological membranes, POPC is accompanied by 
cholesterol in molar fractions ranging from 0 to 0.5 and variable amounts of sphingomyelin (SpM). 
Preliminary binary thermotropic phase diagrams of POPC:cholesterol and SpM:cholesterol were 
obtained by us based on X-ray diffraction (HASYLAB Report 2008). A custom designed low 
temperature cell holder allowed the study of thermotropism of both systems between –25 and 80 
ºC. In the region already explored by other authors (T>20 ºC) our POPC:cholesterol diagram 
coincides with theirs, but it is theoretically impossible to sustain – the liquid-ordered/liquid-
disordered boundary lines do not converge to a congruent point. Our recent results with POPC and 
OPPC led us to conclude that what as been observed is very different from a simple liquid-
ordered/disordered phase coexistence and has much more to do with the formation of two-
dimensional “micellar” phases [1,2]. Two-dimensional micelles are very difficult to identify in such 
systems but we are now working on methods that may provide indirect proof of its existence.  
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The SpM:cholesterol phase diagram was reassessed using pure synthetic C16 SpM. The previous 
diagram, done with egg-SpM (ca. 80% C16) did not show the documented pre-transition of 
sphingomyelins while in the pure lipid it is present. We tested several solvents and fabrication 
methods of the samples to be measured at temperatures below zero and concluded that the classical 
mixture of ethylene glycol with water (1:1) was the one that gives similar diffraction patterns both 
below and above the freezing point of water. Pure C16 SpM will be further tested for the possibility 
of “complex” formation with cholesterol at temperatures below –10 ºC detected with egg-SpM, but 
it was not possible to study those samples along the last year. We have proved in our previous work 
at HASYLAB that such stoichiometric crystalline structures were formed between ceramides, also 
a sphingolipid, and cholesterol [3]. 
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Many theoretical approaches can be used to interpret multiple scattering (MS) XANES features, 
however few of these can be rigorously tested with accurate model compounds. A “model” 
compound is a material whose structure is independently and accurately known by a x-ray 
crystallographic study [1]. In our case, there are probably more published Fe-porphyrin related 
XANES spectra of various forms of both hemoglobin and myglobin samples than model 
compounds [1-4]. Actually, due to uncertainties in the protein structure, XANES investigations are 
not yet a ideal test of the XANES theory. Nevertheless, this work provides information on Fe-PPIX-
Cl and its dimerised derivatives, which may be treated as model compounds. 

XANES data were collected at the beamline A1 at Hasylab with an energy resolution og 0.8 eV. 
Measurements were performed vs. temperature in the range 5 - 300 K. A 7 pixel HPGe-detector and 
a He cryostat were used. Porphyrin samples were measured in the standard powder form on Kapton 
foils. Data were collected in the fluorescence mode in three energy regions with different energy 
steps: a) 2.0 eV in the range 6970 - 7081 eV; b) 0.2 eV in the range 7082 - 7151 eV; c) 1.0 eV in 
the range 7152 - 8000 eV and the acquisition time was 2 s per each point. 

The EXAFS analysis of the studied compounds and their structures has been already reported [5-6]. 
XANES comparison of local structures among dimers and Fe-PPIX-Cl reveals rather similar 
features (Fig. 1a) although three important differences can be pointed out. First, in the Fe-PPIX-Cl 
monomer compound there is a clear characteristic double structure in the multiple scattering (MS) 
region at ~ 7180 eV, partially retained in the second sample (dimer2) that contains ~40% Fe-PPIX-
Cl (Fig. 1b). The dimer1 sample looks similar to the dimer2 sample, although the MS structure is 
broadened in this latter (the dimer2 sample contains ~30% of Fe-PPIX-Cl compound). As 
confirmed by EXAFS data the lack of shifts of the features in the MS region indicates that bond 
distances are the same with a high precision.  

Second, as shown in Fig. 1b, the curve of the Fe-PPIX-Cl has a different rising edge respect to 
dimers, suggesting a different and larger charge transfer of the samples containing Fe-O-Fe bridges. 
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Figure 1: a) The edge region (left) and b) the MS region of the XANES spectra (right). 

The dimerisation shifts of the absorption edge in the XANES spectra is related to changes in the 
local electronic states of iron (Fig. 1.a), which also induces a tiny increase in the isomer shift of the 
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Mössbauer spectra [7]. The first derivative of the spectra in the pre-edge and the edge regions, 
indicates the magnitude of the above mentioned shifts as shown in Figure 2a. However, we have to 
underline that while Mossbauer spectroscopy monitors the ground states of the system, e.g., the 
iron, atoms, XANES carries out information on the electronic levels above Fermi level in the 
excited state. A clear shift of ~1 eV exists among dimers and the reference Fe-PPIX-Cl compound, 
confirming a different charge-transfer character in dimerised systems. The dimerisation reduces the 
s-electron density at the Fe nuclei and shifts the absorption edge as measured by the XANES 
spectra. Moreover, the valence state of the iron ion remains Fe

3+
 in all investigated compounds, as 

pointed out by Mössbauer spectroscopy data [7].  

Third, small but relevant differences occur in the pre-edge region (Fig. 2a,b). The strength of the 
forbidden 1s -> 3d transition, probed by the small features at the pre-edge can be used to investigate 
the molecular structure of the absorbing atom, since tetrahedral structures have a 1s -> 3d transition 
approximately seven times more intense than that associated to the octahedral structure [1]. This is 
due to the increase of the 3d-4p mixing of a non-centrosymmetric structure while for a non-
distorted centro-symmetric system the pre-edge is zero. In this work it was also possible to 
differentiate between four-, five- and six-coordinate complexes on the basis of the intensity of the 
1s -> 3d transition. The intensity of this transition has been compared with the extent of 3d-4p 
mixing, as determined by extended Hückel calculations. Mainly non-porphyrin complexes were 
studied and both a five-coordinate porphyrin and a µ-oxo-Fe(TPP) were found consistent with the 
non-porphyrin results. In conclusion, this study conform also that the iron ion exhibits the same 
coordination in all investigated compounds. 
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Figure 2: a) The first derivative (right) and b) the pre-peak region of the XANES spectra (left). 

 

References 

 

[1] Penner-Hahn, J.E. and K.O. Hodgson, X-Ray Absorption Spectroscopy of Iron Porphyrins, in Iron 

Porphyrins, Part III, A.B.P. Lever and H.B. Gray, Eds., VCH Publishers, New York 235(1989). 

[2] A.Bianconi, A. Congiu-Castellano, M. Dell’Ariccia, A. Giovannelli, P. J. Durham, E. Burattini, M. 

Barter, FEBS Lett. 178, 165 (1984). 

[3] Pin, S., B. Alpert, and A. Michalowicz, FEBS Lett. 147, 106 (1982). 

[4] P. D’Angelo, A. Lapi, V. Migliorati, A. Arcovito, M. Benfatto, O. M. Roscioni, W. Meyer-Klaucke, 

and S. Della-Longa, Inorg. Chem. 47, 9905 (2008). 

[5] K. Dziedzic-Kocurek, J. Stanek, K. Burda, and P. Fornal, HASYLAB Annual Report (2007). 

[6] K. Dziedzic-Kocurek, P. Fornal, and J. Stanek HASYLAB Annual Report (2008). 

[7] K. Dziedzic-Kocurek, K., J. Stanek, and K. Burda, Hyperfine Interact. 185, 87 (2008).  

-851-



XAS Investigations of Ancient Egyptian Faiences 

P. Kappen, M.A. Webb
1
 and M. Eccleston

2
 

Centre for Materials and Surface Science and Department of Physics, La Trobe University, Victoria 3086, Australia  

1 Deutsches Elektronen-Synchrotron A Research Centre of the Helmholtz Association, Notkestrasse 85,  

22607 Hamburg, Germany 

2 Department of Archaeology, La Trobe University, Victoria 3086, Australia 

Egyptian faience was produced over a period of approximately 5000 years, with the first examples 
dating to ca 4000 BC. Faience is a glazed, quartz-based material that was commonly used to make 
objects such as beads, pendants, rings, tiles, bowls, jars, gaming pieces and specialist funerary 
equipment [1]. The most common colours are light and dark blue, probably developed to imitate 
valuable stones, such as turquoise and lapis lazuli, but the colours red, yellow, white, purple and 
black also occur, albeit less frequently. Although faience is relatively common on archaeological 
sites dating from ca 1550 BC onwards, the chemical makeup and manufacturing techniques used to 
produce faience remain enigmatic. 

We have investigated faiences of various blue and green colour tones using X-ray Absorption 
Spectroscopy (XAS) in order to assess the chemistry of the copper (Cu) colourant in the glazes. 
Experiments were conducted in fluorescence mode at bending magnet Beamline C at DORIS III. 
The Cu concentration in the glazes was fairly low (max. few %). In selected cases, both 
transmission and fluorescence scans were acquired showing consistent results, thus minimising self-
absorption issues in fluorescence-XAS.  

Results of the experiments are presented in Figure 1, showing a selection of five XAS scans of five 
faiences after background subtraction and normalisation to an edge jump of ∆µd = 1. These five 
scans were selected as representatives from a series of circa 30 scans. This larger group of data was 
sorted according to statistical variations using Principal Components Analysis (PCA). Interestingly, 
this sorting (using principal component PC2) automatically resulted in the spectra being arranged 
according to the spectral feature at 9010 eV, just above the white line. Linear combination fitting 

 
 

 

Figure 1: Selected XAS scans of five Egyptian faiences. For presentation purposes, 
the scans are plotted with a vertical offset of δ(µd) = 0.2. 
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using the end-members of the series, samples F32 and F18, then indicated that the faiences in the 
series can fairly well be described as mixtures of these end-members. The results are shown in 
Table 1, indicating that throughout the series the relative concentration of spectroscopic 
components in the data shifts monotonously from 100% F32 to 100% F18. It is interesting that this 
behaviour in the series was correctly extracted by PCA without any prior knowledge of any order 
principles within the data set. This result also means that analysing the series’ end-members, that is, 
spectra of F32 and F18, will already yield information on the chemistry and/or structure of the 
remaining spectra.  

For such further analysis, a set of reference spectra from copper containing minerals known to have been 
available in ancient Egypt was used. These minerals include turquoise, azurite, chrysocolla, dioptase, 
shattuckite, plancheite, and brochnatite. Linear combination fitting combined with PCA and target 
transformation showed that the data could not be described fully using either two, three, or four of the 
reference spectra available (fits with more input spectra were not attempted due the risk of the result being 
arbitrary, albeit mathematically viable). However, the fitting procedures indicated that in the case of F32, 
plancheite (Cu8Si8O22(OH)4•(H2O); ca 70-80%) and either chrysocolla ((Cu,Al)2H2Si2O5(OH)4•n(H2O)) or 
CuCl2 were involved. Given the blue-green-turquoise nature of the faience beads, these results are sensible. 
For F18, the fits suggested linarite (PbCuSO4(OH)2) to be one of the key components mixed with one of a 
variety of potential other components, including Cu-hydroxide, azurite, dioptase or Cu-carbonate. This 
result indicates that in F18 Cu may be present in a structure that is similar to linarite, that is, a structure with 
oxygen in the first coordination shell and a heavy metal in a higher shell. Further structural work (e.g. 
powder diffraction and EXAFS) will be required to elucidate the precise nature of the faiences. 

The results demonstrate that it is likely that the copper minerals used as colorants in the faience industry 
were by-products of the mining of minerals for use in smelting metallic copper. At known mining areas such 
as the Sinai, Egypt and Wadi Faynan, Jordan malachite (Cu2CO3(OH)2) was the primary target of copper 
smelters. Plancheite, chrysocolla and azurite are known to co-exist with malachite at these mines and it is 
suggested that they may have been collected during the process of beneficiating the malachite ore by 
removal of extraneous surrounding minerals and gangue. Egyptian hieroglyphic texts at mining sites go 
some way to supporting this hypothesis, and based on these results, we can suggest that a hitherto 
untranslatable Egyptian word, mafek, might be now understood as any group of blue/green minerals for use 
in the pigments and vitreous materials industries. 

We are grateful to Dermot Henry (Museum Victoria, Melbourne) for provision of reference minerals. Dr 
Edmund Welter (HASYLAB) is also gratefully acknowledged for support and assistance during the 
beamtime. 
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sample c[F32]  /  % c[F18]  /  %  R-value 

F32 100 ––  

F21 85 15 1.69 

F26 46 54 1.16 

F38 40 60  0.90 

F18 –– 100  
 

 

Table 1: Linear combination fit results of the faience spectra presented in 

Figure 1 using the end-members of the series as input spectra for the fit. 
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In the 15
th

 and 16
th

 century, a well used technique to create high quality drawings was to draw them 
with a metalpoint stylus on special paper. The paper for metalpoint drawings was made by adding a 
preparation layer on its surface, which gave a white ground for the drawing and stiffened the 
surface. This is necessary to depose a visible amount of metal on the surface of the drawing via a 
stylus. 

In this period drawings and paintings were normally not signed, so that it is very difficult to identify 
the artist, as there is seldom written proof of his identity. Next to art historical studies comparing 
the style of artists it is possible to compare the composition of their tools by chemical and physical 
means. As most objects from the field of cultural heritage analysis are very valuable, the analysis 
must be destruction free and the time to analyze them is often limited. The need for an accurate, fast 
and destruction free method with a high spatial resolution to study such pieces of art in detail is best 
satisfied by synchrotron-based µ-XRF.  

Silverpoint styli only leave tiny amounts of silver on the surface of a drawing. So they can be used 
over a long period without significant attrition. Metalpoint styli were not mass produced making 
them quiet costly and considerably variable in their composition. It can be assumed that an artist 
used the same stylus over a long period even though he used different styli to accentuate his 
drawings [1]. 

In this experiment, a silverpoint drawing attributed to Rogier van der Weyden was analyzed. The 
recto and the verso side (see Figure 1) both display young women but show considerable stylistic 
differences and it is assumed that they were made by different artists. This experiment aimed on 
answering the question, if both drawings were made with the same silver stylus. 

This experiment was done at Beamline L of HASYLAB. The drawing was placed on a two-axis 
motor stage and was excited with a monochromatic beam of 30 keV with a beamsize of 100 by 
100 µm. On both sides various points were chosen and measured for several minutes. 

In the spots next to Ag various other elements were found (see Figure 2). While Cu, Ag and Hg can 
be attributed to the silver stylus, the elements Ca, Fe, Sr and Pb are part of the preparation layer. 
The Hg found in the silver marks was not in the original stylus. Presumably, Hg from the 
surrounding of the drawing formed amalgams with the silver over the centuries [2]. Since in this 
experiment only point measurements were done no information about homogeneity of the silver 
marks was gained. In further experiments, the spectra of small area mappings will be compared and 
summed up, to make sure no contamination or hotspot in accidental analyzed.    

By comparing the results of the different sides of the drawing with each other and the results of 
other drawings and working groups the probability that the drawings were done with the same 
stylus will be calculated thus supporting the attribution of this drawing.  
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Figure 1: Verso (a) and recto (b) side of the drawing. 

 

 

 

 

 

 

 

 

 

 

Figure 2: Comparison of two not normalized spectra of a silver mark on the paper and a blank spot.  
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Palimpsests (from Ancient Greek palin "again" and psao "I scrape") are reused manuscripts.Since 
late antiquity, scribes used iron gall ink when writing on parchment. In cases where parchment was 
reused, the previously written text was erased either mechanically by scraping it off or chemically 
by means of bleach or other reagants. Obviously only thorough mechanical scraping completely 
removes the original information from the parchment. 

Quite frequently the removed writing was, is or could be of great interest to modern textual 
scholarship. In the 19th century, chemicals were often used in an attempt to make the erased 
writing visible again. This worked fairly well, when the text was removed by bleaching. However, 
exposing manuscripts to chemical treatment to recover previous layers of writing has been 
considered too invasive a method to allow it on this kind of cultural heritage for many decades 
now. 

Acceptable standard modern techniques rather include photographic imaging with infrared or 
ultraviolet  light. For the Archimedes Palimpsest   the technique of hard x-ray fluorescence was 
first used to make the iron of the hidden script visible. In this successful recovery of a hidden script, 
it was shown that the scanning with high flux X-ray light to measure the local X-ray fluorescence 
minimizes possible damage or wear on the parchment to acceptable levels. 

 

Figure 1:.(Left side) The comparison of the optical images (visible light photography) with the different X-
ray fluorescence element maps shows many trace elements on folio 17. In some maps as in Ca the text 
differs from that readable in plain light and in the iron signal, thus comes mainly from the erased text (Right 
side) In some cases only one trace element (here Zn) shows part of a else not present text, which hints to 
some notes that were added intentionally for a short time only. 

-856-



 

The iron used for iron gall ink contained impurities of other metal depending on the origin of the 
iron. When trying to recover script in iron gall ink buried beneath an other script in iron gall ink, 
these impurities may be of more value than the dominant iron contribution. In order to evalue the 
X-ray fluorescence investigation technique for the recovery of erased writings a cooperation of the 
University of Hamburg, the University of Leipzig and the HASYLAB experimented with X-ray 
fluorescence element mapping on palimpsests.  

The Experiments were performed at the DORIS Beamline L with a photon energy of 18 keV, using 
a mar345 detector to detect the X-ray fluorescence. Scanning in continuous mode the resolution 
was 70 μm vertically and 100 μm horizontally, while the data acquisition was 7 Hz. 

The upper text of the investigated palimpsest is a 12th century Menologion (an orthodox monthly 
service text). The iron gall ink used has only Cu and Zn impurities which follows from data taken 
on folio 24 (not shown here). On folio 17, the difference in the impurities from the upper layer ink 
and from the erased ink helps to enhance the contrast (figure 1 left) of the lower layer writing, 
especially in the Ca element map. Further down on folio 17 appears additional side markings 
(figure 1 right) only in the Zn signal, which hints to commenting text added from a later author not 
in iron gall ink. The decorative red strip on folio 17r (figure 1 left) is painted with a drawing ink, 
not iron gall or red writing ink (the latter of which usually contains high amounts of Hg), as evident 
from the fact that the only measured X-ray fluorescence trace is in the Pb element map. 

Further investigation is planned to make full use of the potential of the X-ray fluorescence element 
mapping technique for visualizing erased writing and to assess the feasibility of and requirements 
for creating a mobile measuring system. 
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Philipp Otto Runge (1777-1810) is next to Casper David Friedrich one of the most important 
painters of romanticism in Germany. Due to his early death, his oeuvre is limited in size and in 
some cases the attribution is difficult. During an experiment at BL L,  the painting “Pauline im 
weißen Kleid” was investigated. This canvas has been attributed to Runge but is not generally 
accepted as a genuine work of him [1].  

Conventional X-ray radiography images of the painting indicated changes in the composition of the 
painting during or shortly after its creation. To investigate these changes further, selected areas of 
the painting were investigated by scanning macro-XRF with a 35 keV beam of 450 µm diameter at 
Beamline L of HASYLAB. With its size of 105 by 85 cm “Pauline im weißen Kleid” is the largest 
painting yet investigated at Beamline L, making considerable adaptation of the measuring geometry 
and stages necessary. Fig. 1 only shows a small part of the results obtained.  

The preliminary results in figure 1 show substantial changes in the composition of the painting. 
From these results we can deduce that the original portrait has had a considerably different general 
outlook than in the final portrait. Also the use of a specific pigment was revealed during the 
analyses. The art-historical interpretation of our findings, involving also the analysis of other works 
of Runge in order to establish the presence of this pigment in works of Runge, is not yet finished. 

 

Figure 1: Left: Full painting; square indicating location of XRF-maps. Right: Distribution of Fe and Co in 
the indicated area. While the Fe concentration is higher in the dark background, the Co distribution shows 

the blue ribbons, painted in a Cobalt blue pigment. 
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Excited states of biomolecules can be made available to the structural and spectroscopic analysis by 
a variety of strategies, ranging from optical pumping to stabilization of chemical mimics. Here, we 
focus on a system mimicking the Cu2O2-core in hemocyanin and tyrosinases. Hemocyanin serves in 
many arthropods as an oxygen carrier, similar to hemoglobin in vertebrates. The enzyme tyrosinase 
is present in plant and animal tissue and shares the dinuclear copper binding site as well as most of 
the structural features of hemocyanin. In fact, many hemocyanins even exhibit tyrosinase activity 
[1]. Tyrosinase catalyses the oxidation of phenols, required for the production of melanin and other 
pigments. This phenol oxidase activity is of considerable interest for industrial applications [2]. 

In both metalloproteins molecular oxygen is binding to two copper ions in the side-on peroxo mode 
(P-state) [3]. Complexes modelling these features have the potential to serve as highly specific 
oxidation catalysts [2]. In these complexes, the biomimetic donor ligand has the function to 
stabilize the complex after reaction with molecular oxygen either in the P-or O-state: with a 
peroxo-dianion or two µ-oxo donors bridging the Cu ions, respectively. Typically, these systems 
are stable at cryogenic temperatures only [4]. 

Recently, we presented the first system stabilizing the O-state at room temperature [5]. It is formed 
by the reaction of molecular oxygen with the Cu(I)-complex, Cu(L)I with L= (B(TMPip)G2p) [6] 
within several hours as visualized by the increasing absorption at 366 nm. In its ground state the 
complex comprises an O-state as shown by XAFS data [5]: A Cu-dimer with terminal N-donors at 
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Figure 2. Spectral distribution of the light emitted by our UV source (left). Setup for the XAS 
experiments on optical excited solution of [Cu2L2(µ-O)2]I2 with optics of the UV-source (black), 
multi-element fluorescence detector, safety shield (Kapton, orange), and UV-excited sample in 
an Al-sample holder with Mylar windows. (center: in direction of the x-ray beam, right: top 
view).  
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2.00(4) Å, two bridging µ-oxo donors at 1.93(1) Å and a Cu-Cu distance of 2.84(1) Å could be 
identified in the EXAFS. Such systems typically can be optically excited by UV-light [4].  

For optical excitation a custom designed UV-LED source with a 1 mm focal spot has been installed 
at beamline C (HASYLAB, DESY, Hamburg, Germany). This source is based on a NSSU100A 
LED (NICHIA, Tokyo, Japan) with optics comprising 3 UV-transparent lenses (f=9mm, f=100mm 
and f=50mm). The maximum wavelength at 365nm is in line with the Raman active transition [5]. 
The resulting total power is 14.5mW, of which 70% are localized in the spot. Cuvettes were sealed 
with Mylar windows, because it is transparent at this wavelength. Kapton, in contrast, strongly 
absorbs this UV-light and thus has been used for safety precautions (Figure 1). 

To characterize the excited state transmission and fluorescence signals were monitored at 8990 eV 
upon optical excitation at room temperature. Whereas the transmission increases immediately the 
fluorescence follows with a delay of a few seconds. The reasons for these observations are 
enigmatic: The UV-light might heat up the sample causing lower absorption of x-rays in the 1mm 
thick cuvette. Then a small percentage of the Cu-complex precipitated prior to the experiment 
dissolves at elevated temperatures. Thus, after switching off the UV light the transmission 
decreases below the starting point. Other differences in the XANES with and without UV-light 
illumination could not be identified for a variety of concentrations indicating a too low UV-photon 
intensity. This is in line with the lifetime of the excited state, which is estimated to ∆t ≈ h/∆E ≈ h/ 
0.2 eV ≈ 20 fs based on the width of the resonance Raman peaks. At the given UV intensity ~10  
photons are generated per second; considering the absorption probability of ~40% in 1mm solution 
only a small fraction of the 10  Cu ions elucidated by the 1 x 1 mm  x-ray beam are optically 
excited when the pulsed synchrotron beam hits the sample. T

16

15 2

herefore, the characterization of 
optical excitation states by XAS might only be feasible with the help of a synchronized, pulsed 
UV-source. Even in this case the total power absorbed by the sample might cause similar artifacts.  

Thus, we looked into a more elegant and instrumentally less demanding approach to elucidate 
the structural changes induced upon charge-transfer. Resonance Raman does not require full 
occupancy of the excited state, because only excited molecules contribute. Thus experiments can be 
performed at lower laser intensities. The Raman spectrum of [Cu2L2(µ-O)2]I2 exhibits strong 
vibrational excitations that can be assigned to the bending vibration of the copper-oxygen core at 
114.3 cm-1 and its integer multiples. For a given local symmetry the structural change is calculated 
from the Huang-Rhys parameter given by the intensity decrease in the Raman spectra [4, 5]. As 
reported in [5] the copper-oxygen distance increases by +0.01 Å and the oxygen-oxygen distance 
decreases by -0.13 Å. 
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Ultrafast pulsed excitation of solids allows one to create states of strong electronic excitation and 
high temperature and pressure. Subsequent to the initial deposition of energy a complex chain of 
secondary relaxation processes can lead to structural changes and material removal on very rapid 
time-scales, and often along unusual, non-equilibrium pathways. The XUV-FEL FLASH opens up 
new possibilities for generating such transient non-equilibrium states of matter. Femtosecond 
XUV-pulses allow strong excitation of solid materials in a very controllable fashion since optical 
non-linearities (i.e. multi-photon absorption, free carrier absorption), which govern the high 
intensity light-material interactions at optical frequencies, are essentially absent. Therefore, with 
ultrashort XUV-pulses well defined excitation conditions can be prepared in as compared with 
femtosecond optical pulses.  

We have studied the transient response of solid materials to high intensity XUV-excitation by 
means of time-resolved measurements of the induced changes of the optical properties. In the 
experiments the FLASH-FEL has been used to excite thin-film (free standing and deposited onto a 
substrate) as well as bulk samples at fluences ranging from a few tens of mJ/cm2 up to a few J/cm2. 
A femtosecond optical laser served as a probe to measure the transient changes of reflectivity and 
transmission (where applicable) of the irradiated samples. Optical probing has been done in an 
imaging geometry (time-resolved microscopy) to combine temporal (approx. 100 fs) and lateral 
spatial (approx. 2 µm) resolution. We also applied space- and time-resolved interferometry to 
directly measure surface deformations with an accuracy of better than 3 nm.  

We particularly focused on the melting and ablation dynamics of covalently bonded materials (i.e. 
GaAs, Si, graphite, diamond) upon intense XUV-excitation. As an example Fig. 1 depicts a series 
of reflectivity images of a GaAs-surface irradiated at 13.5 nm with a fluence of approximately 1.5x 
the ablation threshold. 

 

Figure 1: Temporal evolution of the reflectivity of a GaAs-surface after irradiation with an ultrashort 13.5 
nm FEL-pulse; excitation fluence appr. 1.5x ablation threshold. Frame size 150 µm x 100 µm. 
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The rapid increase in reflectivity within a few hundred femtoseconds can be attributed to the so-
called non-thermal melting of the material. In the centre of the excited region, where the excitation 
is strongest, a large decrease of the reflectivity is observed on a time-scale of 10 – 100 ps. This 
decrease marks the onset of ablation and is caused by the expansion of the material. Subsequently a 
pronounced ring structure develops in the ablation region, which persists for a few ns. This 
behaviour is similar to what has been observed before for the case of ultrafast optical excitation [1]. 
In particular, we have shown that the ring structure represents an interference phenomenon 
(Newton-rings) and gives evidence for an extremely steep ablation front  with a typical scale length 
of the density profile of just a few nm. 

The motion of the ablation front has also been studied by time-resolved imaging interferometry. 
Examples are shown in the top panel of Fig. 2 (left: transient interferogram at Δt = 500 ps; right: 
corresponding interferogram long time after laser irradiation “∞”). 

∞

nm nm

∞

nm nm

 
Figure 2: Top panel: Interferograms of a Si-surface irradiated with 13.5 nm pulses and a fluence approx. 

20% above the ablation threshold (left: Δt = 500 ps; right: Δt = ∞). Bottom panel: Surface profiles derived 
from the interferograms shown above. 

Using a Fourier-transform algorithm amplitude and phase of the reflected light has been obtained 
from such interferograms [2]. Under the given conditions, the measured phase shifts represent 
essentially the deformation of the surface. The bottom panel of Fig. 2 shows the corresponding 
surface profiles obtained from the interferogram shown in the top panel. 

We find a transient maximum surface excursion of about 750 nm within 500 ps, corresponding to 
an average velocity of the ablation front of about 1.5 km/s. The final surface morphology shows a 
crater with a maximum depth of about 200 nm. The depth of the crater as well as the structure of 
the crater boundary are attributed to the weak absorption at 13.5 nm and a correspondingly large 
energy deposition depth [3]. 
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Aim of the proposal was to establish a technique allowing for ultrafast time-resolved diffraction 
experiments of periodic assemblies with XUV radiation. The experiments suggested enable for 
studying the structural dynamics of supramolecular assemblies in real time. Stepwise we developed 
various experiments to reach this goal. For clarity and transparency in this report, we will only 
concentrate on a limited number of experiments performed, which are the optical laser pump / 
FLASH probe experiments. Our results concerning the FLASH pump / optical light probe 
experiments will be reported in the context of another report.  
In the optical laser pump / FLASH probe experiments an NIR pulse (100 fs, 800 nm) excites a 
periodic lattice and triggers a chemical reaction. The FLASH probe pulse monitors the structural 
changes by Bragg diffraction. Varying the time delay between optical laser pump / FLASH probe 
enables for time-resolved diffraction experiments down to a time-resolution of 200 fs (after TEO 
correction).  
As supramolecular assembly, we have chosen silver behenate nanocrystals and silver behenate 
powder. Figure 1 summarises the results of the stationary diffraction of silver behenate with 
FLASH radiation at 8 nm.  
 
 
 
                                          
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1: Stationary diffraction pattern of silver behenate. Single crystals (100 nm diameter) and powder [1]. 
A) (100) Bragg peak of silver behenate nanocrystals. B) powder diffractogram of silver behenate (sum of 10 
shots). C) peak profile in q [x] for A), D) peak profile in qx for B). 
 
The studies prove for the first time that it is possible to use FEL radiation such as FLASH radiation 
to perform crystallographic experiments. The line shape broadening in Figure 1D is due to the shot-
to-shot energy fluctuations of the FEL beam (the powder diffraction pattern shown is a sum of 10 
single shots). Patterson analysis as well as line shape analysis suggests that within the FEL pulse 
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width of 30 fs there is no peak broadening due to the destruction of the material - at least at the 
resolution of the apparatus obtained (10-1 A). 
Silver behenate is widely applied in optical photography and photolithography to release silver in 
the photographic layer to be coloured. In the current experiments, we wanted to gain a deeper 
understanding on the structural mechanism lying beyond this photoreaction. Note, that the major 
task of this experiment was to demonstrate a general proof or principle. The results of this 
pioneering femtosecond time-resolved diffraction experiments employing the optical laser pump / 
FLASH probe scheme on a crystalline material is summarised in Figure 2. 
 

  
 
 

 
                                         
              
    
                                

Figure 2: Mechanism of silver behenate nanocrystals photo-reaction. 
 
 
 

 

Chemical analysis as well as powder diffraction yields that the silver chelate complex in silver 
behenate reacts to elementary silver (Ag) and silver oxide (Ag2O), carbon dioxide (CO2) and 
carbon chain radicals (R) by the absorption of 800 nm. In the lamellar system of the linear carbon 
chain units, the silver oxide and silver rearranges itself into chains orthogonal to the carbon chains. 
Figure 3 summarises the results of the femtosecond time-resolved diffraction experiments. The 
intensity of the (100) Bragg diffraction peak of silver behenate decreases with a time constant of 
2.8 ps after 800 nm optical excitation with 100 fs laser pulses. 1-dimensional Patterson analysis of 
the signal suggest that during the chain formation of the silver, the orthogonal carbon chains 
“breath” in such a way, that the interlamellar silver distance increases from 56 Å to 60 Å within 2.8 
ps. The back relaxation rate has been determined to 60 ns. 
 
 
 
 
 
 
 
 
 
 
 
Figure 3: A) Ultrafast intensity decrease of the (100) Bragg diffraction peak of silver behenate. B) Patterson 
analysis of that peak reveal an ultrafast increase of the lattice from 56 Å to 60 Å. 
 
In sum, we can conclude that it is possible to perform crystallographic studies on quasi-periodic 
systems with FEL radiation. It is possible, to study single crystals as well as powders. Within the 
spatial resolution of the apparatus used (10-1 Å), it is also possible to follow structural changes and 
structural dynamics of a optical photo-excited system on a ultrafast time scale. 
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The free electron laser FLASH delivers ultrashort soft x-ray pulses that are ideally suited for dy-
namical studies of, e.g. molecular dissociation, applying the pump-probe technique with the help
of a synchronized external visible laser source. However, the actual operation mode of the FEL
leads to an arrival time jitter at the experimental end stations that significantly reduces the avail-
able temporal resolution. Recent results demonstrate the complete compensation of the existing
timing jitter between FEL and laser pulses by measuring the arrival time of each FEL-pulse with a
cross-correlation technique.
The cross-correlation uses the same laser and FEL pulses that are applied in the pump probe ex-
periment and makes use of the FEL-induced reflectivity change of an irradiated solid surface [1].
In a geometry that maps the temporal coordinate onto a spatial one, the arrival time of the FEL
pulses can be measured on a single-shot basis. By tagging and sorting the simultaneously measured
pump-probe data a significant enhancement in temporal resolution can be achieved. A scheme of
the experimental geometry with the pump-probe vacuum chamber installed in front of the cross-
correlator setup is shown in Figure 1. Both parts of the experiment are operated with the same
XUV- and laser pulse. The 800 nm optical laser pulses are frequency-doubled and overlapped with
the FEL pulse in a Xe gas target of the pump-probe experiment whereas the cross-correlation is
carried out with the remaining 800 nm light. With a TOF ion mass-to-charge spectrometer ions
created in the interaction region are detected. An optical delay line available at FLASH scans the
arrival time of the optical laser with respect to the XUV pulse from negative values (optical probe
first) to positive values (XUV pump first) within a several ns time window. Another delay stage in-
troduced before the cross-correlator setup compensates for the optical pathway difference between
both experiments (see [2] for details).

Figure X+1Figure 1: Scheme of the experimental geometry (top view): Pump-probe experiment and the XUV/laser
cross-correlator share the same XUV and laser beam.
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Fit delay scan data (gray opened circles) ergibt 
sigma ca. 190 fs*2.35=450 fs (FWHM)

Figure 2: (a) Transient Xe3+ and (b) Xe4+ ion yields, background subtracted and normalized, as a function
of the time delay between XUV pump and visible probe pulses. Gray open circles denote a delay scan
without correction of the XUV pulse jitter, black circles represent arrival time corrected measurements.

For the exploration of the actual temporal resolution the technique of ion-chronoscopy was chosen.
With this method, it is possible to trace transient states of excited atomic or molecular systems
which origin from, e.g. fast Auger decays. In particular, a relaxation process in xenon atoms
following a 4d core excitation within the 4d→ εf giant resonance was selected. The time constants
for the Auger decay of τA1 ≈ 6.0 fs and τA2 ≈ 31 fs leading to Xe2+ and Xe3+ final states with two
or three vacancies in the outer 5p shell, respectively, are well known from time-domain studies [3]
and energy-resolved measurements [4]. Furthermore, the involved time constants are well below
the expected temporal resolution to obtain a good measure of the actual performance of the jitter
compensation.
Averaged Xe3+ and Xe4+ ion yields (grey opened circles) as a function of the time delay are plotted
in Figure 2(a) and (b). The data set was collected by scanning the optical delay line with 10 second
acquisition time (50 shots) per 200 fs step, without any compensation for the XUV arrival time
jitter. The shape of the transient Xe3+ and Xe4+ profiles manifests the fast rising edge characterized
by the lifetime of the 4d hole (τA1). The laser-enhanced Xe3+ ion yield shows no decrease for
positive delays in correspondence with a long life time of the intermediate states as compared
to the experimental time scale. The electron dynamics leading to the transient Xe4+ ion yield is
governed by short-lived intermediate excited states (τA2) leading to a fast decrease for positive time
delays. Transient changes of the ion yields are observed within a noticeably broad time window.
The extracted temporal resolution is clearly dominated by the XUV arrival time jitter of ∆tjitter ≈
400 fs.
Within a second run (black closed circles in Figure 2(a) and (b)) the data set was collected at a
fixed delay stage position and sorted according to the XUV arrival time derived by the XUV/laser
cross-correlator (30 fs time bins). The time window of the observed transient changes in the Xe3+

and Xe4+ ion yields is considerably contracted, demonstrating the improvement in the temporal
resolution of the transient signal. The degree of improvement is further corroborated by the ex-
tracted temporal resolution ∆t = 125 ± 5 fs (standard deviation) in good correspondence with
the expected 125 fs by assuming a complete compensation of the arrival time jitter ∆tjitter. The
established temporal resolution is now dominated by the optical laser pulse duration. Using shorter
laser pulses the precision of the introduced tagging technique carries the potential of pushing the
temporal resolution towards the intrinsic limit dictated by the XUV pulse duration.
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Ultrafast pulsed excitation of solids can lead to structural changes and material removal on very 
rapid time-scales, and often along unusual, non-equilibrium pathways. To understand the dynamic 
response of such laser-excited materials requires the ability to probe the spatial and temporal 
evolution of the material microstructure and properties at the relevant length and time scales. In this 
respect short wavelength femtosecond free-electron-lasers open up completely new possibilities. 
They do not only exhibit short wavelength and ultrashort pulse duration, but also full spatial 
coherence and extreme flux/intensity. This unique combination of properties allows to study in 
particular non-reversible phenomena with fs temporal and nm- to atomic-scale spatial resolution. 
We have used single-pulse time-resolved coherent scattering at FLASH to investigate the nano-
scale structural dynamics of materials undergoing melting and ablation after short-pulse optical 
excitation. 

The experimental geometry and the scattering apparatus have been described in detail in [1,2]. In 
brief, we employed an optical pump – XUV-probe configuration, as schematically shown in Fig. 1. 
Thin films and fabricated nano-structures, deposited on Si3N4-membranes, are excited with 
ultrashort optical laser pulses. The coherent scattering of a time-delayed, normal incidence XUV 
probe pulse was recorded in transmission geometry. 
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Figure 1: Schematic of the time-resolved single-pulse coherent scattering experiment performed at FLASH. 
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The particular measurement to be discussed here addresses the expansion dynamics of materials 
undergoing ablation. Time-resolved scattering experiments have been performed on gratings 
consisting of equidistant metal bars (Al, 70 nm high, 50 nm wide) deposited on a Si3N4-membrane 
and excited by a femtosecond laser pulse. With this geometry the initial expansion of the excited 
material occurs primarily in lateral direction which allows to capture a cross-sectional view of the 
ablation plume. The left part of Fig. 2 shows a sequence of diffraction patterns of a grating with 
550 nm spacing between the individual bars for different time delays between the optical pump 
beam (50 fs, 800 nm) and the XUV probe beam (30 fs, 13.5 nm). 
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Figure 2: Left: Scattering patterns of a laser-excited grating (grating period 550 nm) for different time 
delays. The upper pattern represents the diffraction of the unexcited sample. Right: Autocorrelation 

functions of the scattering object for Δt = - 10 ps, Δt = 75 ps, and Δt = 100 ps 

In the diffraction pattern of such a grating the location of the different diffraction orders is defined 
by the spacing of the grating bars, while the shape of the individual bars determines the envelope 
function of the overall pattern. For the non-excited grating the recorded pattern captures 9 
diffraction orders on each side of the non-diffracted (and blocked) direct beam. 

As can be seen from Fig. 2 the number of visible diffraction orders decreases with increasing time 
delay for the excited grating till only weak first order diffraction is visible after about 150 ps. This 
narrowing of the envelope function clearly indicates that the individual bars expand in lateral 
direction. However, as is demonstrated by the contrast-enhanced pattern at Δt = 75 ps, the envelope 
function is non-monotonous giving evidence that the grating bars have at least partially maintained 
there rectangular shape/steep edges. Moreover, autocorrelations (right part of Fig. 2) of the 
scattering object for different time delays obtained from a Fourier-transform of the corresponding 
diffraction pattern indicate a splitting of the individual bars into two parts which move away from 
each other with a velocity of about 2 km/s. This observation is in agreement with the results of 
recent molecular dynamics calculations on the structure of the ablation plume [3-65]. 

Extension of this work towards shorter wavelengths and larger scattering angles in order to achieve 
a higher spatial resolution is highly desirable. Moreover, choosing an appropriate sample geometry 
phase retrieval and thus time-resolved imaging of the ablating material becomes possible [7]. 
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Strongly correlated electron systems exhibit exotic forms of electronic, magnetic and orbital order, 
from which “complex” mesoscopic and macroscopic properties “emerge”. Microscopic order (e.g. 
structural distortions, ferromagnetism or orbital-order) typically results in one ore more elements of 
reduced or broken symmetry, each giving rise to a characteristic spectrum of excitations (e.g. 
phonons, magnons or orbitons) [1]. Most studies to date have used elastic or inelastic probes close 
to equilibrium, to understand the structure of the ground state and its response to weak 
perturbations.  
In our own research, we pursue a different goal. We wish to stimulate matter with light and direct it 
toward new metastable phases that cannot be accessed otherwise. By selecting the energy of the 
driving electromagnetic field, we control one excitation at the time, either by promoting electrons 
among different bands (photo-doping) or, more directly, by using infrared and THz electromagnetic 
fields to drive selected infrared active resonances coherently. By driving these modes at large 
amplitudes, we couple directly to a subset of the symmetry elements of the system, control them 
coherently and explore their influence on the dynamic macroscopic properties.  
One set of excitations that can be driven in this way are IR active optical phonon resonances, and 
our recent discovery [2] and spectroscopic study [3] of the “vibrationally-induced insulator-metal 
transition” highlights the effectiveness of this approach.  
The transient and nonequilibrum states of matter generated in this way, either by “photo-doping” or 
by THz excitation, have been characterized to date with a number of time resolved probes. These 
have ranged from ultrafast optical spectroscopy [4] to femtosecond x-ray diffraction [5,6] and 
femtosecond x-ray absorption[4], using both tabletop sources and sliced synchrotron radiation.  
This work is now receiving enormous impetus by the availability of Free Electron Laser radiation, 
which provides new transformative capabilities, in that it opens the way to advanced scattering 
probing of transient dynamics, providing the same power of insight that today is only possible 
statically at third generation light sources.  
In this work we have used the 5th Harmonic at the FLASH FEL to measure orbital order in the 
single layer manganite La1.5 Sr0.5 MnO4. The goal is to be able to study charge, orbital and spin 
patterns by using resonant soft x-ray diffraction, relying on scattering from single valence charge 
modulations. For this reason the strength of electronic peaks is many orders of magnitude weaker 
than that of lattices, and their detection can only be performed if one takes advantage of resonant 
enhancement.  
The experiment was performed using a soft x-ray in-vacuum diffractometer, available from the 
Diamond Light Source beamline I06 group (Dhesi).  The two-circle diffractometer has independent 
sample (theta) and detector (2theta) rotation stages. The sample cradle has stepper-motor driven 
stages that control the sample height and position across the beam and the position of the detector. 
The diffracted beam is detected by an MCP.  
Figure 1 displays one of such scans, where the (1/4;1/4;0) reflection at the Mn Ledge was 
measured. The diffraction efficiency was near 10-6 making it challenging to operate with the 5th 
harmonic of the FEL. Also, because of the low diffraction efficiency, the monochromator could not 
be used, and severe energy fluctuations complicated the experimental procedure. 
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This experiment has received beamtime at the LCLS-SXR beamline, where 1st harmonic radiation 
will be used to detect the same signal in a time resolved fashion. 
 

 

Figure 1: Static resonant soft x-ray scattering spectrum of the (1/4;1/4;0) orbital 
order peak in La1.5 Sr0.5 MnO4 performed using the 5th Harmonic of FLASH.  
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Abstract: The transition from solid-to-plasma has been studied by irradiating Al foils with the 
FLASH XUV free electron laser at intensities up to 1016 W/cm2. Intense XUV self-emission has 
been observed showing spectral features of hollow ions that go beyond single inner-shell photo-
ionization of solid. Simulations of the XUV spectral distribution indicate that efficient heating of 
electrons in the conduction band has taken place after photoionisation. A simple model of electron 
heating that occurs immediately after the decay of the crystalline order, induced by ionization of 
core electrons, followed by Auger electron heating is proposed.  
 
 
The rapid heating of solids is of intense interest to many researchers in the fields of plasma physics, 
warm dense matter, fusion sciences, planetary and astrophysical sciences [1, 2]. Theoretically, 
matter in this state is difficult to address, with electrostatic and thermal energies being of equivalent 
importance, so perturbative approaches of either solid-state or classical-plasma physics are 
inapplicable. Further, in this regime it is difficult to obtain quantitative experimental data. A 
promising way forward is the use of the new generation of short-wavelength XUV and X-ray Free 
Electron Lasers (XUV-FEL and X-ray) to irradiate solid samples. 

The experiment was performed at the FLASH XUV-Free Electron Laser Facility at DESY in 
Germany. Solid Al-foils were irradiated with intense pulses of 13.5 nm radiation 92 eV operating at 
5 Hz. The pulses were of 15 fs duration and focussed to 1 µm with a multilayer optic with a focal 
length of 269 mm. The micro-focussing has led to intensities larger than 1016 W/cm2 creating 
experimental conditions that are distinctly different from those created at synchrotrons, where 
photoionization of core electrons and associated X-ray transitions have been studied. The 
spectrometer employed a Hitachi 1200 lines/mm variable line spacing grating which creates a flat 
spectral focal plane on a CCD camera providing a spectral coverage from 10 to 30 nm. The 
harmonic efficiency of the grating in 2nd and 3rd order is 9.5 (2.7) % and 1.9 (1.8) % of 1st order at 
wavelengths between 11.8 nm and 18.2 nm, respectively. An Al edge filter was used to establish 
that the spectral resolution achieved was 0.1 nm. The samples were composed of 10 µm thick Al 
foils that were continuously moved transverse to the FEL beam to expose a fresh surface to each 
FEL pulse at 5 Hz repetition rate.  
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Figure 1 shows the emission spectra (solid black line) taken at best focus, Z=0 integrated over 2000 
shots. The dominant spectral features are identified as Al IV emission. The hatched areas indicate 
the discrepancy between the data and the simulation including only the configuration K2L7M1. The 
lower curves in Fig. 1 show the fit of the spectral distribution including also multiple excited L-hole 
states K2L7MX. We note that emission from the states for x=2, 3 are not sensitive to radiative 
recombination [3]. Moreover, their time scale is determined by autoionization rather than radiative 
decay [4]. Therefore the emission corresponds to the high density phase after laser irradiation and 
we therefore employ the x=2, 3 configuration for the determination of the temperature. 

The best fit (lower curves in Fig. 1) is obtained for an electron 
temperature of about 25 eV indicating strong heating of 
electrons in the conduction M-band. A temperature larger 
than 20 eV, however, will lead to rapid destruction of the 
solid on a ps-time scale. The density falls below solid 2.7 
g/cc, distinct atomic states appear at densites lower than about 
2 g/cc and the ionization of M-shell electrons leads to 
different ionization stages. Also the inverse channel of 
autoionization, namely dielectronic capture comes into play 
that should leave its signatures in the spectra as dielectronic 
satellite emission. This temperature is considerably larger 
than those driven driven by photoionized electrons (about 8 
eV). The temperature of about 8 eV represents an excited 
transient state of a solid that will relax after 40 fs either by 
radiative decay (fluorescense) or by autoionization.  

As the branching ratio favours autoionization by 99.8 % the 
energy of the decaying electron (Auger electron) is shared 
with the three remaining conduction band electrons. 
Simulations show that the energy difference of 70 eV, e.g., 

between the configuration K2L8M3 and K2L7M4, is equivalent to the kinetic energy of the Auger 
electrons [5]. Assuming that all the Al atoms in the intense laser beam are photoionized [6] this 
excess energy of 70 eV will rapidly thermalize with the remaining 8 eV electrons in the conduction 
band resulting in a temperature of about 25 eV. The transient evolution is characterized as follows: 
first, 2p-hole states are produced by photoionization of the cold solid, then they are refilled due to 
the Auger effect on a time scale of about 40 fs. The Auger electrons then lead to a rapid heating of 
the electrons in the conduction band and a subsequent destruction of the solid on a ps time scale 
then takes place. Second the heating driven by Auger electrons allows the inverse Auger channel 
(dielectronic capture) to efficiently create holes in the 2s- and 2p- shells with corresponding 
transitions.  

In conclusion we have characterized independent of plasma simulations v ia spectroscopic analysis, 
important steps in the sub-ps evolution of matter when high intensity short pulse XUV Free 
Electron Laser radiation interacts with solid matter. Photoionisation and thermalization between the 
electrons in the conduction band transforms the system from the cold solid to warm dense matter. 
The relaxation of almost all photoionized hole states via Auger effect leads to important heating of 
the conduction band electrons. Subsequently there is decay of crystalline order and the transition 
from warm dense matter to a dense plasma-like state occurs with corresponding marks in the 
spectral emission. 
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Figure 1: XUV emission spectra of 
aluminium. Simulations indicating 
an electron temperature of 25 eV. 
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Sillenites with composition Bi12MO20, M = Si, Ge, Ti, crystallize in the non-centrosymmetric
space groupI23. An essential feature of the sillenite structure is the stereochemically active 6s2

lone electron pair of Bi3+. These lone electron pairs are hosted within large cavities, which might
be unstable at high pressure. In our first report on sillenites [1], we described the high-pressure
single-crystal X-ray diffraction experiments of Bi12SiO20.

Large single crystals of Bi12GeO20 (BGO) were grown by M. Burianek and M. Mühlberg (Cologne),
using the Czochralski technique. The samples used for the X-ray diffraction experiments were cut
from a large crystal. Pressure was generated with diamond anvil cells (DACs), equipped with tung-
sten carbide seats and conical diamond anvils. At pressuresbelow 10 GPa, an ETH-type DAC
was loaded with a single crystal of size 105×70×45 µm3 and a methanol-ethanol (4:1) mixture
as pressure-transmitting medium. At pressures above 10 GPaBoehler-Almax-type DACs were
loaded with single crystals of size 60×47×7 µm3 and 60×40×9 µm3, using compressed neon gas
as pressure medium. In each case pressure was determined by the laser-induced ruby-fluorescence
technique, applying the pressure scale of Mao et al. [2].

Single-crystal synchrotron X-ray diffraction at pressures up to 20.8(4) GPa was performed with
a HUBER four-circle diffractometer in fixed-φ mode at beamline D3 using a point detector and
a wavelength of 0.45̊A. Intensity data for structure determination were collected at pressures of
4.1(2) GPa, 6.3(2) GPa and 8.6(2) GPa. Up to 8.6 GPa the crystals showed very sharp diffrac-
tion profiles with FWHM of0.02◦ to 0.025◦. These values are comparable to those of the isotypic
Bi12SiO20 [1]. At 15.1 GPa and 20.8 GPa the peaks were split to a total width of about1.5◦ to 2◦.
Only the lattice parameters and a few reflection profiles weremeasured at 15.1 GPa and 20.8 GPa.

The total line width of the split profiles of BGO at 15.1 GPa is by a factor of ten larger than the line
width of the broadened but not split scan profiles of BSO at 16.8 GPa [1]. There the broadening
was interpreted as effect of the compressed neon gas, which is not hydrostatic at 15 GPa [3]. The
enhanced broadening and splitting of peaks in BGO might haveanother reason. In order to test the
reversibility of the effect, the pressure was released in two steps from 15.1 GPa to 11.3 GPa and
5.9 GPa and each time severalω scans were measured. The splitting disappeared and theω-scan
FWHM decreased to about0.9◦ at 11.3 GPa and0.5◦ at 5.9 GPa. Therefore the behaviour of BGO
at 15 GPa may be an indication of a stress-induced phase transition.

Intensity data were obtained from the scan data by the Lehmann-Larsen algorithm and corrected for
Lorentz and polarization effects as well as intensity drifts of the primary beam using the beamline-
adopted software REDUCE [4] and AVSORT [5]. The absorption of the X-ray beam by the dia-
mond anvils and the crystal was corrected with the program ABSORB [6]. Structure refinements
were performed with SHELXL97-2 [7]. Starting values were taken from Neov et al. [8]. All three
data sets could be refined to R1 values below 0.04 and wR2 below0.08. The unit cell volume
of BGO as function of pressure is shown in Figure 1. A 3rd-order Birch-Murnaghan equation of
state was fitted to the data with bulk modulusB0 = 69(8) GPa and pressure derivative of the bulk
modulusB′ = 4(1). Further structural analyses are currently under progress.

-873-



 

U
n
it
 c
e
ll
 v
o
lu
m
e
 (
Å
3
)

800

850

900

950

1000

1050

Pressure (GPa)

0 5 10 15 20 25

B0 = 69(8) GPa

B' = 4(1)

Figure 1: Pressure dependence of the unit cell volume of BGO.The line represents the Birch-Murnaghan
equation of state fit of 3rd order.
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Bi2M4O9 (M = Ga3+, Fe3+, Al3+) belong to the family of compounds with mullite-type crystal 
structures and exhibit interesting properties, such as high oxygen ion conductivity [1,2].  We are 
interested in the stability of these compounds and in the behaviour of the well-localised and 
stereochemically-active 6s2 lone electron pair of the Bi3+ ion at high pressure. In a previous study 
we have reported the compressibilities of Bi2Ga4O9, isotypic Bi2Al4O9, and structurally-related 
Bi2Mn4O10 from powder X-ray diffraction, and the occurrence of a reversible phase transition at 16 
GPa for Bi2Ga4O9, where the c axis is doubled and the space group is reduced in a group-subgroup 
relation from Pbam to Pbnm [3]. The crystal structure of the high-pressure phase of Bi2Ga4O9 was 
then solved from single-crystal X-ray diffraction at HASYLAB and the structural compression 
mechanisms of the low- and the high-pressure phases were determined [4, HASYLAB Annual 
Reports 2006 and 2007]. The persistence of the stereochemical activity of the lone electron pair was 
confirmed from quantum mechanical calculations using the density functional theory [4]. The phase 
transition is driven by the misfit of Ga3+ in tetrahedral coordination. This result and the absence of a 
phase transition in Bi2Al4O9 up to 29 GPa, where the smaller Al3+ ion better fits in tetrahedral 
coordination, make us assume that the tetrahedral coordination is even less favourable for Fe3+ in 
isotypic Bi2Fe4O9 and we predicted a high-pressure phase transition to occur in Bi2Fe4O9 at lower 
pressure. This was our motivation to study Bi2Fe4O9 at high pressure. We recently confirmed our 
assumption by powder X-ray diffraction at ESRF, where an analogous phase transition was 
observed in Bi2Fe4O9 at lower pressure of approximately 7 GPa [5]. We report here the crystal 
structure of the high-pressure phase of Bi2Fe4O9 [5]. 

Large single crystals of Bi2Fe4O9 (up to 30 x 30 x 10 mm3) have been grown from non-
stoichiometric melts by the top seeded solution growth (TSSG) method [6]. Small single-crystal 
fragments (100 x 60-90 x 40 µm³) were cut from a crystal for this experiment and loaded together 
with ruby chips for pressure determination into diamond anvil cells (Fig. 1). As a pressure-
transmitting medium an alcohol mixture was used.  

 

Figure 1: Left: Single crystal of Bi2Fe4O9. Right: Crystal fragment within the pressure chamber (200 µm 
in diameter). The crystal size is about 100 x 60 x 40 µm³. 

Single-crystal intensity data were collected at 4.49(2) and 6.46(2) GPa for the low-pressure phase, 
and at 7.26(2) and 9.4(1) GPa for the high-pressure phase on a HUBER four-circle diffractometer at 
beamline D3 (DORIS III). Intensity profiles were measured with omega scans in fixed-phi mode 
using a point detector and a wavelength of 0.45 Å. These data were integrated and corrected for 
Lorentz and polarization effects, beam drifts and for absorption by the crystal and the diamond-
anvil cell components [7-9]. The low- and high-pressure structures were refined with 21 parameters 
and 322-342 independent reflections [I > 2s(I)] and 37 parameters and 456-593 reflections, 
respectively, using the program SHELXL-97 [10]. The preliminary refinements converged to 
residual values of R1 below 0.05 and wR2 below 0.14.  
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The crystal structure of the high-pressure phase of Bi2Fe4O9 is isotypic to that of the high-pressure 
phase of Bi2Ga4O9 and could be refined using its structural model as starting parameters in space 
group Pbnm. Again, the phase transition is driven by a displacement of the O(4) oxygen atom, 
which links the FeO4 tetrahedra, from a fully-constrained position in the ambient-pressure structure 
to a less-constrained position in the high-pressure structure (Fig. 2). As the structures refined before 
and after the phase transition were very close to the transition pressure (6.46(2) and 7.26(2) GPa, 
respectively), only a slight displacement of O(4) was observed in the high-pressure structure 
accompanied by a kinking of the straight Fe(2)-O(4)-Fe(2) angle from 180° towards 173(3)° (Fig. 
2). This would rather support the interpretation of the phase transition to be tricritical than of first 
order. While from compressibility data of Bi2Ga4O9 a tricritical behaviour or weakly first-order type 
phase transition was suggested [3], the experimentally determined structural data did not allow an 
unambiguous assignment of the type of phase transition, while a first-order transition was suggested 
from DFT data [4]. With our data on Bi2Fe4O9 the question on the type of the phase transition will 
be answered. On increasing pressure the coordination of one of the two FeO4 tetrahedra is increased 
in the high pressure phase to form a FeO5 trigonal bipyramid, as it was also observed for one GaO4 
tetrahedron in Bi2Ga4O9. This again confirms our explanation for the driving force of the phase 
transition. A more detailed analysis of the structural changes with respect to the Bi3+ cation 
eccentricity is currently in progress. 

 

Figure 2: Projections of the crystal structure of Bi2Fe4O9 along the c axis at 6.46(2) GPa (left, low-pressure 
phase) and at 7.26(2) GPa (right, high-pressure phase). 
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The resorcinol C6H4(OH)2 belong to the group of phenols and attracted scientific interest because 

it shown a reach variety of interesting physical phenomena such as polymorphic phase transitions 

[1], pyroelectric and piezoelectric properties are result of molecular dipole moment existing. Be-

sides, resorcinol has been widely known as a versatile chemical compound utilized extensively in 

the development of advanced chemistries or pharmaceutical. As well-known antiseptic and der-

matology compound, the resorcinol is a model object for studies of polymorphism effects in 

drugs processing of typical pharmaceutical formulation. In all cases, it is of high importance to 

study the structural changes at pressure or temperature in the resorcinol to improve our under-

standing about mechanism and thermodynamics as well as kinetics at polymorphic transforma-

tion in such type molecular crystals with hydrogen bonding. 

At ambient conditions resorcinol crystallizes in an orthorhombic structure with the space group 

Pna21 (α-form). At heating up to ~370 K a high density polymorph β-resorcinol was obtained [1]. 

The α- β transition has also been observed to occur under the application of pressure at 0.5 GPa at 

ambient temperature. The heating or pressurization rates [2], thermal “history” or purity of the 

sample strongly affect on value of a transition temperature Tα-β and appering of new polimorphic 

forms in resorcinol.  

For structural studies of polymorphic transformations and searching for new high-pressure mod-

ifications in resorcinol we have performed combined energy dispersive X-ray diffraction at high 

pressure up to 3.5 GPa in temperature range 290-380 K and obtain more detailed information 

about structural parameters. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 1: The X-ray patterns of the resorcinol measured at different temperature and pressure and 

processed by the profile matching method. Experimental points, calculated profiles and difference curve 

(for P=3.2 GPa, upper) are shown. The tick rows indicate the calculated diffraction peaks positions for α 

and -forms. 
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In situ X-rays diffraction high-pressure experiments were carried out using the multianvil X-ray 

system MAX80. Diffraction patterns were recorded in an energy dispersive mode using white 

synchrotron X-rays from the storage ring DORIS III. The ring operated at 4.5 GeV and a positron 

current of 80-150 mA. The incident X-ray beam was collimated to 100 × 100 μm with a diver-

gence smaller than 0.3 mrad. Spectra were recorded by a Ge solid-state detector with a resolution 

of 153 eV at 5.9 keV resulting in a resolution of diffraction patterns of Δd / d ≈ 1%. The Bragg 

angle 2 was fixed at 9.093°, counting times for each diffaction pattern was 360 seconds. 

The X-ray diffraction patterns of resorcinol measured at different pressures and temperature 

are shown in figure 1. At ambient conditions the resorcinol has an orthorhombic structure with 

space group Pna21. There are no polymorphic transitions was observed in resorcinol at ambient 

pressure and at temperature up to 400 К. The discrepancy our result with previous data [3] was 

explained the strong temperature-increasing rate [2] in experiment. At pressure P=0.16 GPa and 

T=370 K the polymorphic transformation into β-form were observed.  

The pressure polymorphic transformation α-β in resorcinol suppressed in our experiments 

and at pressure P~ 2 GPa the polymorphic transformation in new -form were found. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

Figure 2: Pressure dependencies of relative lattice parameters of  resorcinol fitted by linear functions and 

the unit-cell volume fitted by the Birch-Murnaghan equation of state at room temperature. 

 

The structure of this form is isomorphic to α-form of resorcinol. The pressure dependences of lat-

tice parameters and unit cell volume were shown at fig.2. The volume compressibility data were 

fitted by the third-order Birch–Murnaghan equation of state [4] and calculated values of bulk 

modulus for are B0 = 6(2) GPa for α-form, and B0 = 7(3) GPa, for new -form of resorcinol. The 

suppression of α-β transformation were explained the inhomogeneity of pressure distribution in 

experiments. 
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A principal target of our work is to prepare novel ceramics and alloys using extreme pressures and 
temperatures [1,2]. The material domains are nitrides and semiconducting alloys with properties 
ranging from high mechanical strength to direct band-gaps. For this work we employ and test 
feasibility of employing both ambient methods (diffraction, microfluorescence) on recovered 
products as well as extreme conditions vessels including multianvil and diamond anvil cells. Of 
central importance in the synthesis of new materials is to establish their pressure and temperature 
region of stability. Amongst our work on novel group IV semiconductors (Si-Ge-Sn) we have 
prepared a new Ge0.9Sn0.1 phase in a narrow region near 10 GPa [3]. On beamline B2 we performed 
a series of experiments, both to test nominal limits of this beamline for examining extreme 
conditions recovered products, and to extend our findings on the Ge-Sn system. We find, that while 
diamond cell level sample amounts are typically beyond the reach of this beamline, one can obtain 
very satisfactory patterns by inserting half or whole pellets recovered from multianvil experiments 
in spinning capillaries. Moreover, we find by comparison, that the patterns obtained using the image 
plate system on B2 can be compatible with those obtained on a third generation source using  single 
channel analyzers. Our results on this beamline support our findings that the reaction window for 
Ge and Sn is near 10 GPa. We are also pursuing synthesis of new direct band-gap Group IV systems 
using extremes of pressure and temperature on beamline W2. We have already documented these 
using single crystal ex-situ measurements. Towards this goal we are pursuing a number of 
substantial reconfigurations to test feasibility both in terms of the capsules employed and the 
optimal high pressure assembly. Our initial tests with the existing assembly proved challenging in 
providing stable heating at the pressures attempted in excess of 10 GPa. We have thus, in our home 
workshop reconstructed some of the components to smaller dimensions, particularly, the 
molybdenum disks and have reconstructed our crucibles accordingly, employing also, new material, 
namely aluminum oxide to prevent any interaction between the capsule and our sample. Using this 
configuration we have managed to generate stable heating above 10 GPa, but detailed electron 
microscopy analysis while showing an improvement, still indicates that there are significant heat 
losses (Figure 1). We thus plan to investigate this heat loss by reconfiguring the assembly and trying 
to isolate the source by also performing heating experiments starting at easier, lower pressures and 
incrementally increasing to higher pressures as we isolate and address the technical challenge. 
 Our work on new nitrides here draws from our recent findings demonstrating that nitrogen 
together with pressure can be used, not only to create new nitrides but to alloy elements together 
that will not otherwise do so [4]. To demonstrate here the lower bounds below which alloying is not 
possible we are in the first instance employing the MAX80 press and evaluating the compressional 
behaviour at high pressures and temperatures of both nitrogen containing and nitrogen free, as a 
control, alkaline earth and transition metal elements (Figure 2). We are concurrently also 
constructing our own capsule material, employing here Aluminum oxide capsules which do not 
interact with the sample. The combination of in-situ X-ray diffraction patterns together with ex-situ 
analysis using SEM support our findings so far that both pressure and nitrogen are required for 
alloying. For the particular case of magnesium and iron, studies our diamond cell (Figure 3) and 
multianvil syntheses and the present results, show that pressures in excess of five, and certainly less 
than fifteen GPa are required for novel solutions in this system to form.  
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                                       (a)       (b) 
Figure 1: (a) Scanning electron microscopy (SEM of a Ge-Si mixture recovered from 10.8 GPa after heating 
and annealing. The white contrast regions are pure Ge and the dark contrast regions are Si. The sample was 
evidently not heated. (b) SEM of a Ge-Si mixture recovered from 11.8 GPa after heating. The more diffuse 
morphology of this product indicates a small improvement in heating profile  
across the sample at pressure.  

 

 

 

 

 

 
 
 
    (a)         (b) 
Figure 2: (a) Energy dispersive X-ray diffraction of an Fe-Mg-N mix (a) and of a Fe-Mg mix (b) upon 
compression and at high temperature  
 
 
 
 
 
 
 
  
                                              (a)         (b)         
Figure 3. FeMg pressed pellet at 23 GPa before heating in a nitrogen pressure medium (a) and after heating 
(b), with the distinct recrystallized nitrogen from the melt surrounding the laser-heated sample.  
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Pressure-induced phase transition in Pb6Bi2S9 

L. A. Olsena, K. Frieseb, E. Makovickya, T. Balić-Žunića, W. Morgenrothc, A. Grzechnikb 
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c Institut für Geowissenschaften, FE Mineralogie, Abt. Kristallographie, Universität Frankfurt, Germany 

Heyrovskyite (Bbmm, Z = 4) is the stable phase of Pb6Bi2S9 at ambient conditions and is built from 
distorted moduli of PbS-archetype structure with a low stereochemical activity of the Pb2+ and Bi3+ 
lone electron pairs (Figure 1). The moduli are cut parallel to (311)PbS and combined by mirror planes 
parallel to (010) of heyrovskyite. The width of the moduli can be evaluated by counting the number of PbS 
octahedra running across each slab parallel to [011]PbS. Heyrovskyite is a member of the lillianite 
homologous series which is based on various thicknesses of the above defined slabs. Each homologue type 
is symbolized as NL (N number of octahedra) or N1,N2L when there are two slabs of distinct thicknesses. 
Heyrovskyite is the 7L member of the homologous series, whereas lillianite (Pb3Bi2S6) is the 

4
L member. 

Figure 1: One unit cell from the crystal structure of heyrovskyite Pb6Bi2S9 at ambient conditions. Gray 
circles represent atoms on the z = 0 mirror plane, white circles represent atoms on the z = 0.5 mirror plane. 
The orientation of the PbS-archetype axes inside one (010) structural slab is indicated. 

A single-crystal of heyrovskyite was compressed in a diamond anvil cell and investigated with X-
ray diffraction using a conventional laboratory X-ray source (a diffractometer IPDS-2T) in Bilbao. 
The crystal structure was found to be stable until at least 3.9 GPa and a new high pressure phase (β-
Pb6Bi2S9) was first observed at 4.84 GPa. The phase transition was clearly expressed by the 
appearance of a number of new reflections at h/2 k l of heyrovskyite accompanied by the change 
from a B-centred to a primitive lattice.  

Although the data sets measured in the laboratory could well be used to determine the lattice 
parameters of β-Pb6Bi2S9, they do not contain enough information about the reciprocal space (due 
to a relatively low energy of MoKα radiation of the laboratory diffractometer to determine the 
crystal structure. Therefore, one data set at 5.06 GPa has been measured using the marCCD-165 
detector at the beamline D3 at the synchrotron HASYLAB, where a shorter wavelength of 0.4 Å 
was used. The data were integrated with the XDS program [2].  

From the data set measured at D3, the crystal structure of β- Pb6Bi2S9 has been solved and refined 
to the R(obs) factor of 8.17% in Pna21 (Z = 8). The unit cell has a volume of 3169.0(2.8) Å³ and 
contains 34 distinct atoms. This structure consists of two types of moduli with the SnS/TlI-archetype 
structure in which the Pb2+ and Bi3+ lone pairs are strongly expressed. 
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In addition to describing the crystal structure of  β- Pb6Bi2S9, the data set from HASYLAB allows 
us to describe the process of the phase transition in detail and compare the results to the closely 
related phase transition in lillianite [3,4].  
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Single-cystal structures of sillenites at high pressures.
Part I: Stereochemical activity of Bi3+ lone electron pairs

in Bi12SiO20 up to 16.8 GPa
L. Wiehl, A. Friedrich, W. Morgenroth, E. Haussühl, and B. Winkler

Institut für Geowissenschaften, Goethe Universität Frankfurt, Altenhöferallee 1,
D-60438 Frankfurt a.M., Germany

Sillenites with composition Bi12MO20, M = Si, Ge, Ti, crystallize in the non-centrosymmetric
space groupI23. An essential feature of the sillenite structure is the stereochemically active 6s2

lone electron pair of Bi3+. The lone electron pairs are hosted within large cavities, which are built
up from four distorted BiO5 pyramids and two regularMO4 tetrahedra (Fig. 1). These cavities
have a large potential to be considerably compressed at highpressure, accompanied by a reduction
of the stereochemical activity of the lone electron pair. Strong pressure-induced changes of the
Bi coordination were observed for example in Bi2Ga4O9 [1] and Bi2S3 [2]. The aim of our single
crystal X-ray diffraction experiments was to investigate the effect of pressure on the stereochemical
activity of the Bi3+ lone electron pair within the sillenite structure.

Large single crystals of Bi12SiO20 (BSO), suitable for physical measurements, were bought from
Vladimir L. Tarasov (Gem minerals from Russia). Tiny pieceswere cut from a large crystal and
used for the X-ray diffraction experiments. Pressures weregenerated with ETH-type and Boehler-
Almax-type diamond anvil cells, DACs. The ETH-type DAC, used at pressures up to 9 GPa, was
loaded with a single crystal of size 120×88×40 µm3 together with ruby chips, which were used
for pressure determination by the laser-induced ruby-fluorescence technique, applying the pres-
sure scale of Mao et al. [3]. A methanol-ethanol (4:1) mixture was used as pressure-transmitting
medium. For pressures above 10 GPa a Boehler-Almax-type DACwas loaded with a single crys-
tal of size 60×57×20 µm3, together with ruby chips for pressure determination. The pressure-
transmitting medium was neon.

Single-crystal synchrotron X-ray diffraction at pressures up to 23.0(3) GPa was performed with
a HUBER four-circle diffractometer in fixed-φ mode at beamline D3 using a point detector and
a wavelength of 0.45̊A. Intensity data for structure determination were collected at pressures of
3.1(2) GPa, 5.9(2) GPa, 9.1(2) GPa and 16.8(3) GPa, while lattice parameters were measured at
23.0(3) GPa. Up to 9.1 GPa, the crystals showed very sharp diffraction profiles with FWHM of
0.015◦ to 0.02◦, which broadened, however, to FWHMs of0.2◦ to 0.3◦ at 16.8 GPa. This effect
is probably due to the influence of the compressed neon gas, which freezes at 4.8 GPa and starts
to deviate from hydrostaticity at 15 GPa [4]. After the subsequent pressure increase to 23.0 GPa
the diffraction profiles degrade and have total widths of about 1.5◦ to 2◦. Therefore at this pres-
sure only unit cell parameters were determined. From all theaccessible reflections within the DAC
opening angle of80◦ 613–926 unique reflections, including Friedel pairs, and about four equivalent
reflections were measured up to a maximum2θ of 44◦ − 52◦ depending on pressure. In a small
range (2θ = 30◦ − 32◦) all equivalent reflections were measured.

Intensity data were obtained from the scan data by the Lehmann-Larsen algorithm and corrected for
Lorentz and polarization effects as well as intensity drifts of the primary beam using the beamline-
adopted software REDUCE [5] and AVSORT [6]. The absorption of the X-ray beam by the dia-
mond anvils was corrected with the program ABSORB [7]. Structure refinements were performed
with SHELXL97-2 [8]. Starting values were taken from Neov etal. [9]. An extinction correc-
tion was applied. Anisotropic displacement parameters were refined, which can be justified by the
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quality and the number of measured data with 613–926 unique reflections (I > 2σ(I)) to fit 27
parameters. All data sets could be refined to R1 values below 0.04 and wR2 below 0.09.

The cubic symmetry is preserved at least up to 16.8 GPa with noindication of a phase transition.
The unit cell volume of BSO as function of pressure is shown inFigure 1. A 3rd-order Birch-
Murnaghan equation of state was fitted to the data with bulk modulusB0 = 63(2) GPa and pressure
derivative of the bulk modulusB′ = 5.6(3). The cavities are compressed by essentially the same
amount in direction of the Bi3+ lone electron pairs (vertical Bi–Bi direction in Fig. 1) as in the per-
pendicular direction (horizontal Bi–Bi direction in Fig. 1). The eccentricity of the Bi coordination
is reduced considerably, but less than in Bi2Ga4O9 [1]. How much this geometrical compression
reduces the stereochemical activity of the lone pair has to be clarified by DFT calculations.
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Figure 1: Left: Cavity within the BSO crystal structure, where the Bi3+ lone electron pairs are localized.
They are enclosed by the contacts (indicated as dashed lines) between Bi and its next nearest oxygen neigh-
bours. Right: Pressure dependence of the unit cell volume ofBSO. The line represents the Birch-Murnaghan
equation of state fit of 3rd order.
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Abstract: The transition from solid-to-plasma has been studied by irradiating Al foils with the 
FLASH XUV free electron laser at intensities up to 1016 W/cm2. Intense XUV self-emission has 
been observed showing spectral features of hollow ions that go beyond single inner-shell photo-
ionization of solid. Simulations of the XUV spectral distribution indicate that efficient heating of 
electrons in the conduction band has taken place after photoionisation. A simple model of electron 
heating that occurs immediately after the decay of the crystalline order, induced by ionization of 
core electrons, followed by Auger electron heating is proposed.  
 
 
The rapid heating of solids is of intense interest to many researchers in the fields of plasma physics, 
warm dense matter, fusion sciences, planetary and astrophysical sciences [1, 2]. Theoretically, 
matter in this state is difficult to address, with electrostatic and thermal energies being of equivalent 
importance, so perturbative approaches of either solid-state or classical-plasma physics are 
inapplicable. Further, in this regime it is difficult to obtain quantitative experimental data. A 
promising way forward is the use of the new generation of short-wavelength XUV and X-ray Free 
Electron Lasers (XUV-FEL and X-ray) to irradiate solid samples. 

The experiment was performed at the FLASH XUV-Free Electron Laser Facility at DESY in 
Germany. Solid Al-foils were irradiated with intense pulses of 13.5 nm radiation 92 eV operating at 
5 Hz. The pulses were of 15 fs duration and focussed to 1 µm with a multilayer optic with a focal 
length of 269 mm. The micro-focussing has led to intensities larger than 1016 W/cm2 creating 
experimental conditions that are distinctly different from those created at synchrotrons, where 
photoionization of core electrons and associated X-ray transitions have been studied. The 
spectrometer employed a Hitachi 1200 lines/mm variable line spacing grating which creates a flat 
spectral focal plane on a CCD camera providing a spectral coverage from 10 to 30 nm. The 
harmonic efficiency of the grating in 2nd and 3rd order is 9.5 (2.7) % and 1.9 (1.8) % of 1st order at 
wavelengths between 11.8 nm and 18.2 nm, respectively. An Al edge filter was used to establish 
that the spectral resolution achieved was 0.1 nm. The samples were composed of 10 µm thick Al 
foils that were continuously moved transverse to the FEL beam to expose a fresh surface to each 
FEL pulse at 5 Hz repetition rate.  
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Figure 1 shows the emission spectra (solid black line) taken at best focus, Z=0 integrated over 2000 
shots. The dominant spectral features are identified as Al IV emission. The hatched areas indicate 
the discrepancy between the data and the simulation including only the configuration K2L7M1. The 
lower curves in Fig. 1 show the fit of the spectral distribution including also multiple excited L-hole 
states K2L7MX. We note that emission from the states for x=2, 3 are not sensitive to radiative 
recombination [3]. Moreover, their time scale is determined by autoionization rather than radiative 
decay [4]. Therefore the emission corresponds to the high density phase after laser irradiation and 
we therefore employ the x=2, 3 configuration for the determination of the temperature. 

The best fit (lower curves in Fig. 1) is obtained for an electron 
temperature of about 25 eV indicating strong heating of 
electrons in the conduction M-band. A temperature larger 
than 20 eV, however, will lead to rapid destruction of the 
solid on a ps-time scale. The density falls below solid 2.7 
g/cc, distinct atomic states appear at densites lower than about 
2 g/cc and the ionization of M-shell electrons leads to 
different ionization stages. Also the inverse channel of 
autoionization, namely dielectronic capture comes into play 
that should leave its signatures in the spectra as dielectronic 
satellite emission. This temperature is considerably larger 
than those driven driven by photoionized electrons (about 8 
eV). The temperature of about 8 eV represents an excited 
transient state of a solid that will relax after 40 fs either by 
radiative decay (fluorescense) or by autoionization.  

As the branching ratio favours autoionization by 99.8 % the 
energy of the decaying electron (Auger electron) is shared 
with the three remaining conduction band electrons. 
Simulations show that the energy difference of 70 eV, e.g., 

between the configuration K2L8M3 and K2L7M4, is equivalent to the kinetic energy of the Auger 
electrons [5]. Assuming that all the Al atoms in the intense laser beam are photoionized [6] this 
excess energy of 70 eV will rapidly thermalize with the remaining 8 eV electrons in the conduction 
band resulting in a temperature of about 25 eV. The transient evolution is characterized as follows: 
first, 2p-hole states are produced by photoionization of the cold solid, then they are refilled due to 
the Auger effect on a time scale of about 40 fs. The Auger electrons then lead to a rapid heating of 
the electrons in the conduction band and a subsequent destruction of the solid on a ps time scale 
then takes place. Second the heating driven by Auger electrons allows the inverse Auger channel 
(dielectronic capture) to efficiently create holes in the 2s- and 2p- shells with corresponding 
transitions.  

In conclusion we have characterized independent of plasma simulations v ia spectroscopic analysis, 
important steps in the sub-ps evolution of matter when high intensity short pulse XUV Free 
Electron Laser radiation interacts with solid matter. Photoionisation and thermalization between the 
electrons in the conduction band transforms the system from the cold solid to warm dense matter. 
The relaxation of almost all photoionized hole states via Auger effect leads to important heating of 
the conduction band electrons. Subsequently there is decay of crystalline order and the transition 
from warm dense matter to a dense plasma-like state occurs with corresponding marks in the 
spectral emission. 
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Figure 1: XUV emission spectra of 
aluminium. Simulations indicating 
an electron temperature of 25 eV. 
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Formation of superhard boron nitride nanocomposites via high pressure-high temperature (HP/HT) 
conversion was investigated using in situ synchrotron XRD at the MAX200x multianvil press 
(MAP) of the Geoforschungszentrum Potsdam (beamline W2 (HARWII 2)). Direct conversion of 
very pure pyrolytic h-BN (pBN) at HP/HT leads to superhard c-BN/w-BN/h-BN nanocomposites. It 
has been shown that the required pressure and temperature of the transformation from graphite-like 
hexagonal h-BN to superhard c-BN as well as the microstructure of the resulting composites strong-
ly depend on the microstructure of the initial h-BN and especially the kind and density of defects 
[1]. Various types of defects promote the formation of the cubic phase directly from the graphitic 
modification and suppress the occurrence of the intermediate metastable wurtzitic w-BN [2]. The 
pBN contains a high degree of puckering type defects, i.e. stacking faults on basal planes [3].  

The improved pressure cell assembly is shown in Fig. 1.Graphite could be used as a robust tube-
shaped heater material (Fig. 1, pt. 3). However, it had to be perforated in the beam direction in order 
to avoid the overlap of the diffraction lines 000l from h-BN and graphite. The ZrO2 tube (Fig. 1, 
pt. 6) used for thermal insulation around the furnace assembly had to be perforated in the same 
manner [4]. Further, the pressure cell base material MgO is disadvantageous in the beam path in the 
vicinity of the sample (possible overlap with c-BN reflections). Hence, ‘beam guides’ (Fig. 1, pt. 4) 
with low X-ray scattering and low thermal conductivity to compensate for the perforated ZrO2 had 
to be introduced. An amorphous, precursor-derived Si-B-C-N-(O) ceramic [4] with a temperature 
stability up to 1800°C (at ambient pressure) was tested in several runs and showed a good 
performance with respect to low scattered intensity and heat loss. A thin Mo foil and a NaCl pellet 
were used as pressure calibrats (Fig. 1, pt.1) and the temperature near the p-BN pellets was recorded 
using a W-Re3%/W-Re25% thermocouple (Fig. 1, pt 5). 

 
  

Fig. 1: Improved pressure cell , 

based on a MgO:Cr octahedron of 

10 mm edge length. Components 

are described in the text. The 

arrow represents the beam. 

Fig. 2: Pressure calibration 

curve of MAX200x MAP with 

the new pressure cell at ambient 

temperature up to 350 bar 

hydraulic pressure (~ 875 t). 

Fig. 3: Heating characteristics  for the 

new pressure cell at 3 GPa (open 

circles) and the conventional setup, 

(solid boxes), both recorded with a W-

Re3/W-Re26 thermocouple. 
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The compression and heating characteristics of the 
assembly are shown in Figs. 2 and 3, respectively. 
The internal pressure was extracted from the re-
duction of the interplanar spacing of NaCl upon 
compression at ambient temperature [6] The 
pressure was found to increase nearly linear with the 
applied load (i.e. hydraulic pressure) (Fig. 2). The 
electric power vs. temperature relation of the 
furnace (Fig. 3, open circles & solid line) in the new 
assembly was measured at 3 GPa. Solid boxes 
resemble the calibration curve of a conventional 
pressure cell. 
The new pressure cell setup was used to synthesize 
BN nanocomposites from pBN. The in-situ mea-
surements were performed both during the heating 
of the sample from ∼300 K to ∼1550 K at 11 GPa 
and in certain time intervals as soon as the desired 
transformation temperature was reached. A final in-
situ measurement was carried out after cooling the 
sample to ∼300 K at 7 GPa. The pressure drop (the 
applied hydraulic pressure was constant at 350 bar, 
i.e. ~ 875 t over the whole process) can be associa-
ted with the reduction in volume during conversion 
of h-BN to c-BN, densification of the pressure cell 
and enhanced gasket flow during heating. The 
recorded energy dispersive spectra have been 
recalculated into the angular scale (λ = 0.15418 nm) 
for means of comparison (Fig. 4). The diffraction 
maxima from individual phases can be distinguished 
very well using the current setup of the pressure cell 

due to absence of overlap of individual diffraction lines and absorption edges in the selected energy 
range. According to Fig. 4, the onset of transformation of pBN to cubic boron nitride lies at 11 GPa 
between 1300 K and 1550 K. Direct conversion is indicated by the absence of w-BN which usually 
forms as an intermediate from highly ordered h-BN [2]. The conversion was found to be completed 
after approximately 10 - 15 min and was maybe retarded by a certain incubation for the activation 
of the motion of microstructure defects. After conversion, remnants of the h-BN were found in the 
sample, a known phenomenon in direct conversion experiments starting from h-BN [2]. A possible 
explanation is that upon nucleation of c-BN and subsequent conversion, the moving c-BN/h-BN 
interface pushes and thereby accumulates certain defects at its front until some interfaces meet and 
the defects are trapped in a small volume of highly distorted h-BN, which apparently stabilises its 
hexagonal graphite-like form. 

We thank M. Wehber (GFZ Potsdam) for the assistance in performing the experiments and the GFZ 
Potsdam and HASYLAB for providing the facilities The German Research Foundation (DFG) is 
acknowledged for financial support within the priority programmes SPP 1236 and SPP 1181. 
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Fig. 4: Diffractograms obtained in-situ at 

beamline W2 (HARWII 2) recalculated in an 

angular scale (λλλλ = 0.15418 nm).  
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Cubic boron nitride (cBN) is an important superhard material for technical purposes like grinding, 
cutting etc.. Its technical fabrication is carried out with the aid of catalysts. Metal-nitride systems 
like  Li3N-BN,  Mg3N2-BN and  Ca3N2-BN are  favoured  to  reduce  the  pressure  and  temperature 
conditions required for the transformation of the hexagonal modification (hBN) into the cubic one 
[1]. While transformation conditions and phase relations in the systems Li3N-BN and Mg3N2-BN 
have been studied under in situ conditions, no such information is available on the system Ca3N2-
BN. 

We have studied the system Ca3N2-BN with Ca3B2N4 and Ca3BN3 as intermediate phases, where the 
boron rich Calcium Nitridoborate (Ca3B2N4) is attributed to be the catalytical active phase in the 
transformation process of hBN/cBN.

In a series of experiments using energy-dispersive-X-ray diffraction technique (2θ=8,12(1)°) at the 
high pressure high temperature  multi-anvil  device  MAX80 (Beamline F2/1 at  HASYLAB) the 
formation of Ca3BN3 and Ca3B2N4 was monitored for the first time under in situ pT-conditions. 

The formation of Ca3BN3 was observed at mixing rates of Ca3N2:BN = 1:1 and 2:1 in a temperature 
range between 600 and 1000°C. Melting of Ca3BN3 starts at temperatures higher than 1225°C (p = 
2,7 GPa). β-Ca3B2N4 is evolving from hBN - Ca3N2 mixtures at much lower temperatures, starting 
from 200°C. At mixing rates of Ca3N2:BN = 1:5 and 1:8 only Ca3B2N4 evolves from hBN and Ca3N2 
prior to the formation of cBN (Fig. 1). 

Figure 1: Energy-dispersive spectra of a mixture of Ca3N2:BN = 1:5 at 3.9 GPa in the temperature range 
of 22-1050°C  showing the formation of  β-Ca3B2N4
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No other  phases  were found within  the pressure  range 0.5-6.3 GPa and up to  temperatures  of 
1400°C.  From the  experimental  results  there  is  evidence  that  Ca3B2N4   is  the  catalyst  for  the 
hBN/cBN transformation.

In contrast to the systems Mg3N2-BN  and Li3N-BN, the hBN-cBN transformation could not be 
observed  in situ at  a pressure of 6.3 GPa and 1300 °C  but scanning of the  quenched sample 
revealed a narrow region   with  high yield of  cBN. This  finding coincides  with the results  of 
quenching experiments in a belt type apparatus, where we found an intermediate region of low cBN 
transformation rates in the pressure range 5.5 – 6.5 GPa at a temperature of 1300 °C.   

At a pressure of 3.9 GPa melting of β-Ca3B2N4 starts at 1300 °C with a slight temperature increase 
of 20-30 °C at a maximum pressure of 6.3 GPa.The low temperature modification Ca3B2N4 (α-
Ca3B2N4) proposed by Wörle et.al [2] could not be observed, although it was present in synthesis 
experiments at standard pressure conditions.  
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The main focus of the study was to contribute to the understanding of the effect of Ni 
on the sulfidation of NiMo hydrotreating catalysts. Oxidic precursors catalyst were 
prepared on a γ-Al2O3 support, with a BET surface area of 237 m2/g, by a two step 
incipient wetness impregnation in aqueous solutions using ammonium hepta-
molybdate (NH4)6Mo7O24·4H2O and nickel nitrate Ni(NO3)2·6H2O. The metal content 
in the two samples was 10 wt.% Mo with 0 and 4 wt% Ni. 

The oxidic precursors were activated by sulfidation in a mixture of 10%H2S in H2 
from RT to 400°C with the heating rate of 5°C/min. The process was followed by in 
situ quick EXAFS measurements of Mo K-edge (Figure 1).  

Fig.1 XANES and EXAFS of the Mo-K edge measured during  
sulfidation of 10 wt% Mo/ γ-Al2O3 

The sulfidation process of the catalyst precursor can be divided into three sections as 
previously shown by the temperature programmed sulfidation (TPS) following the gas 
composition by mass spectrometer (Figure2). 

 

Fig.2 TPS profiles of the catalyst precursors: 10 wt% Mo/γ-Al2O3 and                                
4 wt% Ni/10 wt% Mo/γ-Al2O3 
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The XANES of the oxidic precursor show pre-edge feature at 19995 eV, characteristic 
for Mo6+ tetrahedral species [1]. The EXAFS show contributions of Mo-O shells 
between 0.5 and 2 Å and Mo-Mo shells at around 3 Å due to the presence of 
polymolybdate species [2,3] (distances are not phase corrected). In the first sulfidation 
step an exchange of oxygen for sulfur on the Mo6+ species was observed by decrease 
of the Mo-O contribution and formation of new Mo-S shells around 2.1 Å (not phase 
corrected). Therefore, in the first step, the catalyst is present in the oxosulfidic form. 
The second step is characteristic for the molybdenum reduction which can be seen by 
the disappearance of the molybdenum pre-edge feature (Figure 3). At the same time 
the EXAFS show the disappearance of the Mo-Mo contribution at 3 Å which indicates 
that Mo-O-Mo bridges are not present anymore. In the third step further oxygen for 
sulfur exchange on the Mo4+ continues. Signals of the Mo-S shell at around 2 Å and 
Mo-Mo shell at 2.8 Å [4] (not phase corrected) are further increasing. 

Fig.3 X-ray absorption of the Mo-K edge measured during sulfidation of      
10%Mo/γ-Al2O3 and 4%Ni/10%Mo/γ-Al2O3 

 

The presence of three sections during sulfidation was common for the monometallic 
Mo and bimetallic NiMo catalyst. Nevertheless, the temperatures at which reduction 
of molybdenum occurs, indicated by disappearance of the pre-edge feature in XANES 
(Figure 3) and the maximum of the H2S signal in TPS (Figure 2) are different. 
Introduction of Ni into the catalyst shifts the reduction towards the lower temperature 
from 220°C for the monometallic Mo catalyst to 210°C for the bimetallic NiMo 
catalyst. This may be due to interaction of Ni with Mo as previously suggested by 
Dufresne et al. by forming the Ni-Mo-O phase which is the precursor of the Ni-Mo-S 
phase [5]. 
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We have now received and used three allocations of beamtime on Beamline F3 to follow both the
crystallisation and exchange of guest molecules from a variety of metal-organic framework materials
(MOFs). These materials are a relatively new family of open-framework solids with properties that
have potential to compete with the well-studied zeolites in areas such as gas storage, separation and
shape-selective catalysis [1,2]. Their structures are constructed from metal polyhedra linked by
polydentate organic ligands to yield three-dimensional networks with porosity on the nanoscale. One
attraction in studying these materials lies in the possibility of design in their synthesis: by selecting
metals with desired coordination number and geometry preferences and choosing ligands of certain
size and shape, it is conceivable that an extended network may be constructed with desired
connectivity, porosity and chemical functionality. A second remarkable feature of interest is their
structural flexibility: many MOFs show a massive volume change upon uptake of guest molecules
with crystallinity maintained [3,4]. Our work on Beamline F3 has focussed on using time-resolved in
situ EDXRD following from some preliminary results we obtained using the Daresbury SRS (UK)
prior to its closure in 2008 [3]. We have recently compared the crystallisation of two metal
carboxylate metals: one Cu(II) material, known and HKUST-1[5], and one Fe(III) material, MIL-53
[6]. Both have three-dimensional structures but with different modes of connectivity: the former
contains dimeric metal units linked in 3D and the latter infinite chains of Fe centres cross-linked in
the other two directions to give a porous structure.

(a) (b)

Figure 1: (a) In situ EDXRD measured from the crystallisation of the Cu carboxylate MOF, HKUST-1 at 125
oC. (b) The crystallisation of the Fe carboxylate MIL-53 that occurs via an intermediate phase. The
intermediate was isolated by quenching and its structure later solved.

For HKUST-1 we found classical nucleation-growth type kinetics. Studying the crystallisation as a
function of temperature allowed us to model kinetics using simple expressions to make comparison
with the crystallisation of related materials, such as zeolites. In the case of MIL-53(Fe), crystallisation
of the expected product is preceded by another crystalline phase and quenching has allowed a suitable
specimen to be isolated for structure solution. The 'intermediate' has a completely different structure
that the final product, Figure 1. These results are among the first in situ studies of MOF
crystallisation, and have recently been published in Angewandte Chemie [7].

The series of porous hybrid MIL-88 solids, built up from iron trimers and different dicarboxylate
linkers (fumarate, muconate, terephthalate, naphthalene dicarboxylate and biphenyl dicarboxylate),
shows a reversible and selective highly flexible character upon adsorption of liquids with a variation
in unit cell volume from 85 % up to 230%, depending on the nature and length of the linker [4]. These
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2

porous solids exhibit closed pores in their dried state and a selective reopening of the pores occurs in
the presence of polar liquids.
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Figure 2. Left: pore opening of MIL-88B in the presence of lutidine and water at 45°C; Centre: XRD patterns
of MIL-88B in the presence of lutidine and water (blue), water (red), lutidine (green) or anhydrous (black) at
45°C; Right: kinetics of pore opening of MIL-88B in DMF as a function of the temperature.

Phase transitions between the closed and open forms of MIL-88 have been analysed after introducing
different polar solvents into the dried solid. We observe that the kinetics of pore opening strongly
depends on i) host-guest interactions. For instance, the anhydrous iron fumarate MIL-88A (closed
form) opens its pores immediately in water, but remains closed in DMSO; ii) temperature: the kinetics
of pore opening of the iron terephthalate MIL-88B in DMF follows a first order exponential decay
with temperature, suggesting a diffusion dependence of the pore opening (see Figure 2). Finally, iii)
the initial pore dimension of the dried solid is of a great importance; for instance, the anhydrous MIL-
88B (closed form) does not open in the presence of a large molecule such as dimethylpyridine or
lutidine; however, introduction of a small amount of water partially opens the pores, thus enlarging
the accessibility to the pores, allowing finally the adsorption of lutidine as evidenced by a total pore
opening of MIL-88B (see Figure 2).

The systems Sm3+/H2O3P-(CH2)4-SO3H/NaOH and Al3+/H2BDC-NH2 (aminoterephthalic acid)/NaOH
were investigated using conventional heating as well as microwave heating. The crystallisation
reactions were performed at up to seven different temperatures. In the Sm system an intermediate
could be observed that forms already after a few seconds which is transformed into the final product
Sm(O3P-(CH2)4-SO3)(H2O) (Fig. 3a). The way of heating (microwave vs. conventional heating) has a
minor influence in the Sm3+ system, but shows distinct differences in the Al3+ system (Fig. 3b).
Induction periods as well as the rate constants are significantly smaller for the microwave reactions.

Figure 3: (a) Crystallisation of Sm(O3P-(CH2)4-SO3)(H2O) (red line). An intermediate phase is observed after
(black line).(b) Crystallisation of CAU-1-NH2 (Al) employing microwave or conventional heating.
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Introduction 

Fuel cells directly converting liquid fuels such as methanol or ethanol at low temperatures could 

become the most suitable option for the power supply of portable devices. Besides methanol the 

use of ethanol in direct alcohol fuel cells is under discussion. It would offer a number of 

additional advantages, as ethanol is not toxic, has a higher energy density and a higher boiling 

point and is easily available to the user. However, the direct ethanol fuel cell suffers from a low 

performance anode catalyst with a low selectivity towards the complete oxidation to CO2. To 

further the development of high-performance catalysts, fundamental studies on the oxidation of 

ethanol are necessary in order to improve the understanding of the mechanism. Here, XAS is one 

of the few methods which can be used easily during operation in real systems. Furthermore, in 

addition to the investigation of the catalyst structure from the EXAFS region, the XANES region 

contains information concerning adsorbate coverage and binding site. Previous measurements 

during EOR on polycrystalline Pt, PtRu and PtSn catalysts have indicated, that the O(H) species 

formation plays an essential role during ethanol oxidation
1
. For this reason, the EOR was studied 

with the focus on the evolution of adsorbate coverages with time. 

Experimental 

At beamline X1, X-ray absorption spectra of the Pt L3 edge were recorded during potential step 

measurements in a fuel cell with 1 M ethanol. Instead of oxygen, the cell was operated with 

hydrogen and thus working as a dynamic hydrogen electrode (DHE). QEXAFS measurements 

were carried out in transmission from E = 11300 eV to 12800 eV with a recording time of 143 s. 

During the different potential steps (range 0.5 V – 0.92 V) up to 15 spectra were recorded at 

ambient temperature. Simultaneously with the sample, a Pt metal foil was measured and later 

used as reference for energy calibration and data alignment. The data were analyzed using the 

programs Athena and Artemis. The EXAFS analysis was applied to estimate size and dispersion 

of the nanoparticles using the correlation described by Graaf et al.
2
. The XANES region was 

analyzed using the ∆µ-technique. With the ∆µ signatures and the dispersion (D = 0.9) the O(H) 

and C-species coverages were obtained as described in more detail elsewhere
1,3

. 

Results  

The ∆µ signatures for a potential step from 0.45 V to 0.92 V vs. DHE are shown in Fig. 1 (left). 

The differences are obtained subtracting the measurement of the clean catalyst (water, 0.45 V vs 
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DHE) in all cases. The first signature shows a negative feature at 0 eV and a positive feature at 

6 eV relative to the Pt L3 edge. With time, the negative feature decreases and the positive feature 

gets shifted to lower energies. Both effects can be explained by a decrease in C-species coverage 

and an increase in O(H)-species coverage contribution to the signature. 

The contribution of the OH (atop), O (n-fold) and C-species are pictured in Fig. 1 (right) as 

coverage (ML) related to the active surface area. A number of different potential steps were 

performed and the change in adsorbate coverage followed with time. It was then possible to 

compare the experiments with a model allowing us to prove different reaction mechanisms. 

 

 

 

 

 

 

 

 

 

For the first time, the time-dependent changes of coverages with C-species and O(H)-species 

were investigated quantitatively for a Pt/C catalyst during EOR. It is remarkable that with a 

relatively simple model all measured quantities such as time-dependent coverages and currents 

can be reproduced with a reasonable number of free parameters and excellent agreement with the 

data. It was shown that at potentials larger than 0.75 V, OH becomes further activated to 

adsorbed n-fold O, which inhibits CO2 formation. Further, it inhibits C2-species adsorption and 

C-C bond splitting and enhances acetaldehyde formation. The obtained insight will be used in 

the design of more active anode catalysts for the EOR. 
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Figure 1: ∆µ signatures for a potential step from 0.45 V to 0.92 V (left) and surface coverages on 
a Pt/C obtained from the ∆µ signatures shown in Fig. 1 left (right) 
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Recently, we developed a readily accessible catalyst system using Pd/Al2O3 modified by chiral 
diphosphines for the asymmetric allylic substitution of (E)-1,3-diphenylallyl acetate (rac-1) with 
dimethyl malonate (2) to give 3 (Scheme 1) [1]. In the course of our prior XANES study we have 
found that the solvent can act as a reducing agent for Pd [2]. However, not much is known on the 
influence of other reaction components such as the substrate, the nucleophile, and the modifier 
on the oxidation state of the metal surface. The aim of this study was therefore to investigate 
these interactions in more detail. 

 

Scheme 1: Asymmetric allylic substitution of rac-1 with dimethyl malonate catalysed by chirally 
modified Pd/Al2O3. 

The current study was performed at beam line X1 with a beam size of typically 5 mm × 1.5 mm 
and a Si(311) double crystal monochromator. The experiments were carried out using an in-
house-built in situ batch reactor cell [3]. XANES spectra at the Pd K-edge were recorded to 
monitor changes of the Pd oxidation state over time under different reaction conditions. For a 
typical experiment, 84 mg of commercial 5% Pd/Al2O3 (as received) were placed in the reactor 
and the reaction component of interest dissolved in 6 ml of solvent was added. The reactor was 
then heated to 60 °C. To avoid evaporation of the solvent, a nitrogen pressure of 5 bar was 
applied. 

Some selected results are shown in Figure 1. Pure THF was almost as efficient in the reduction 
of the catalyst as the original reaction mixture containing also (R)-BINAP, rac-1, and sodium 
dimethyl malonate. However, the fact that the reduction of the catalyst proceeds faster in the 
presence of the original reaction mixture implies that some other components of the reaction 
mixture also possess reduction capabilities. If a solution of the sodium dimethyl malonate in 
THF is used as the reducing mixture, the catalyst is completely reduced within a few minutes. 
The rate and the final state of reduction of Pd are comparable to those observed for the original 
reaction mixture, leading to the conclusion that most likely sodium dimethyl malonate is the 
main reducing agent for the catalyst also in the reaction mixture. However, in the case of the 
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original reaction mixture, the state of reduction is lower than in the case of the pure sodium 
dimethyl malonate solution, implying that under these conditions either the surface of the 
catalyst is less accessible for the reducing agent or a reoxidizing process is occurring in the 
reaction mixture. 

If one compares the reduction of the catalyst by pure THF and in the presence of (R)-BINAP the 
reduction is much slower in the second case. The presence of the substrate also slowed down the 
reduction of the catalyst. Having these two facts in mind, one would indeed expect that the 
reduction of the catalyst by the reaction mixture is less efficient than with the pure malonate 
solution. 

The presented results show that 
besides THF also sodium dimethyl 
malonate is able to reduce the 
catalyst. Thus, the reaction takes 
place in a strongly reducing 
atmosphere. This is an important 
finding with regard of the 
clarification weather homogeneous 
or heterogeneous species are the real 
active sites. It is known that a 
reducing environment would favour 
a heterogeneous pathway. In this 
respect, these new results support 
our observations in earlier studies, 
which indicate that this catalytic 
system is in fact truly heterogeneous. 

 

We thank HASYLAB at DESY for beam time, Adam Webb for his assistance during the 
beamtime, and the European Community for financial support (through the Integrated 
Infrastructure Initiative "Integrating Activity on Synchrotron and Free Electron Laser Science", 
Contract RII3-CT-2004-506008). 
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Electrolyte solutions are of basic importance in many areas of our lives, including biology (e.g. 
living cells), industry (e.g. corrosion) and everyday practice (see e.g. seawater, cooking, etc...); yet, 
their structure still cannot be described unambiguously to the necessary details (see, e.g., [1]). We 
have carried out X-ray diffraction measurements on the BW5 instrument, while EXAFS 
experiments were conducted at the E4 and C stations of Hasylab, DESY. Aqueous electrolyte 
solutions of many different compositions and concentrations have been considered, among others: 
CsCl, CsBr, CsI, RbCl, RbBr, RbI, LiCl, NaCl, KCl and D3PO4 (phosphoric acid) in water. 
Admittedly, we have difficulties with understanding EXAFS data on solutions, so that we are still 
searching for the optimal experiment and data analyses design. X-ray diffraction data, on the other 
hand, are handled routinely; the example of phosphoric acid solutions is shown in Figure 1.  
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Figure 1: (Left panel) Measured and corrected total scattering structure factors of phosphoric acid solutions 
at two (rather high) concentrations. (Right panel) Total radial distribution functions, as obtained by the 

MCGR algorithm [2], for the two solutions (without the ambiguous low-r intensities). 

Data shown in Figure 1 are already applied in Reverse Monte Carlo (RMC) calculations (see, e.g., 
[3]), together with neutron diffraction results. As soon as the best way of handling solution EXAFS 
data can be devised, the data will also be combined with X-ray and neutron diffraction data via the 
application of RMC modelling. 
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In situ XANES characterization of FeBEA 
catalysts for the use in NH3-SCR 
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Lichtenbergstr.4, 85748 Garching, Germany 

A series of FeBEA catalysts was synthesized by wet-ion exchange of zeolite BEA, 
followed by a heat treatment in air respectively nitrogen at 480°C and analyzed by in 
situ XAFS measurements. Although the Fe content of the samples was between 0.6 
and 1.4 wt% Fe, a sufficient quality of the spectra was reached by measuring in 
transmission geometry. The FeBEA samples can be applied as highly active catalysts 
in the selective catalytic reduction of NOx with NH3 (NH3-SCR) [1]. 

4 NH3 + 4 NO + O2 → 4 N2 + 6 H2O 

The influence of the post synthesis heat treatment in air or nitrogen on the oxidation 
state of the catalysts was determined from the position of the absorption edge. The 
series of FeBEA catalysts heat treated in air show edge energies of 7125 eV, which is 
characteristic for Fe in the oxidation state +3. The heat treatment in nitrogen leads to 
lower energies of the edge between 7124 eV and 7122 eV, indicating that a fraction of 
the Fe species is present in the oxidation state +2 [2].  
For the in situ XANES experiments, the samples were activated in helium at 450°C, 
which leads to a shift of the absorption edge to lower energies related to an in situ 
reduction of the catalyst. In addition, the activation induces the formation of a 
shoulder characteristic for the formation of a tetrahedral coordination of Fe. We 
assume that this coordination is formed by the loss of two water molecules per Fe 
atom during the activation. 

Figure 1: In situ XANES of  FeBEA0.92n (N2 80°C) 

After application of a gas mixture typical for NH3-SCR (5 vol% O2, 1000 ppm NH3, 
1000 ppm NO balanced in He) at 150°C an oxidation of the catalyst and an increase 
of the pre-edge feature due to the formation of a distorted reaction intermediate is 
observed. Further increase of the reaction temperature to 250°C and 350°C leads to a 
reduction the catalysts with the reducing agent NH3. An increase in temperature to 
450°C leads again to an oxidation of the catalyst. This reoxidation of the catalyst 
takes place as the reducing agent NH3 is oxidized in situ and therefore is removed 
from the gas mixture. 

References  
[1] R. Q. Long, R. T. Yang, Journal of Catalysis 2000, 194, 80. 
[2] E. Cottrell, K. A. Kelley, A. Lanzirotti, R. A. Fisher, Chemical Geology 2009, 268, 

167. 

-0.1

0.3

0.7

1.1

1.5

1.9

7100 7120 7140

energy [eV]

150°C gas mixture
250°C gas mixture
350°C gas mixture
450°C gas mixture

-0.1

0.3

0.7

1.1

1.5

1.9

7100 7110 7120 7130 7140 7150

energy [eV]

before activation 
after activation

after activation in He

-0.1

0.3

0.7

1.1

1.5

1.9

7100 7120 7140

energy [eV]

150°C gas mixture
250°C gas mixture
350°C gas mixture
450°C gas mixture

-0.1

0.3

0.7

1.1

1.5

1.9

7100 7110 7120 7130 7140 7150

energy [eV]

before activation 
after activation

after activation in He

-900-



EXAFS Investigation of a Highly Diastereoselective 
Gold on MgF2 Catalyst 
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The catalytic properties of gold have attracted an increasing attention during the last two decades 
[1]. The preparation method and the support nature decisively influence the activity of these 
catalysts [2]. Most frequently, the gold catalysts are prepared by deposition–precipitation and 
immobilization of gold colloids on supports. Impregnation methods have long been considered 
unsuitable for these catalysts, because of the resulted large gold particles and low activity [3].  

Recently we have reported for the first time an incipient wetness impregnation method for the 
synthesis of a new gold on magnesium fluoride bi-functional catalyst [4], able to catalyze both steps 
of the (±)-menthol synthesis from citronellal, i.e. isomerisation of citronellal to (±)-isopulegol and 
hydrogenation of (±)-isopulegol to (±)-menthol. The gold (4 wt%) catalyst was prepared by 
impregnation of the MgF2 support with HAuCl4 and drying for 4 h at 100°C (Au-100) and 150°C 
(Au-150), under vacuum. The two samples behave very differently. Au-100 shows a high activity 
and diastereoselectivity, while the sample Au-150 is inactive. Previous XPS analysis found small 
amounts of chlorine in the composition of both samples, while XRD revealed the development of 
metallic gold after the treatment at 150°C. For a more detailed description, the local Au 
environment was investigated by EXAFS spectroscopy at the Au L3 edge.  

The absorption spectra of the catalysts and an Au-foil standard were carried out in transmission mode 
at beamline CEMO of the HASYLAB synchrotron-radiation facility (Hamburg, Germany), with the 
incident radiation analyzed by a Si(111) double-crystal monochromator. The EXAFS function χ(k) (k 
= photoelectron wavevector) was calculated from the oscillations of the spectra normalized to the 
smooth post-edge background. The k2χ(k) spectra were Fourier inverted over the k range 2.0-13.1 Å–1 
(15-650 eV), resulting in radial functions with maxima corresponding, up to systematic shifts, to the 
neighbouring shells of the Au atoms. Radial ranges comprising the main maxima of the transforms 
were isolated by Hanning windows, backtransformed into k space, and non-linearly fitted with 
structural models, by a least-square method. The electron backscattering amplitudes and phase shifts 
were calculated by the FEFF6 code [5]. The fit provided the average interatomic distances (R), 
coordination numbers (N) and the mean-square distance fluctuation (σ2) in the close neighbouring 
shells of the Au atoms. The FEFF6 electron functions for the Au-Au pairs were slightly adjusted up to 
a coincidence of the fit parameters N and R for the Au foil with the crystallographic data. The 
corrected values were further used in the fit of the Au-Au contribution to EXAFS of the catalysts.  

The k2-weighted EXAFS spectra of the Au catalysts and Au foil, together with their Fourier 
transforms (FT) were shown in Figure 1. For the Au foil, the main split maximum of FT 
corresponds to the nearest neighbours (12 atoms at 2.884 Å) in the fcc structure of the metal. The 
FT of the sample Au-100 shows a main maximum at 1.87 Å, pointing out closer neighbours of Au. 
The same maximum is visible for the sample Au-150, together with the split maximum 
characteristic of the metallic gold. The presence of chlorine in both samples, as evinced by XPS, 
prompted us to assign the maximum at 1.87 Å to Cl neighbours, in preserved fragments of the 
precursor structure. The filtered EXAFS was fitted over the k range 2.8–12.0 Å–1 (30-550 eV) with 
one-shell (Au-100) and two-shell (Au-150) models, corresponding to the main maxima of FTs. The 
results of the fit are shown in Table 1 and Figure 2. 

The Au environment in the sample Au-100 (3.6 Cl at 2.281 Å) closely resembles that in the HAuCl4 
structure [6], consisting of 6 Cl atoms at 2.286 Å. This result points out the precursor preservation 
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after the thermal treatment at 100°C. The reduced number of Cl neighbours in the catalyst structure 
could indicate a Cl-defective structure of the precursor, but also small precursor particles, 
influencing a lowering of the coordination number derived by EXAFS [7]. 

 

Figure 1. k2-weighted EXAFS spectra of the Au catalysts and Au foil and magnitude of the corresponding 
Fourier transforms. 
Figure 2. The results of the fit in k and r spaces: experimental (black) and model (red) k2χ(k) spectra and 
magnitude of their Fourier transforms in the filtered range. 

Table 1. Au environment in the investigated Au catalysts, as inferred by the fit of EXAFS. 

Sample N R (Å) σ2 
(10–3 Å2) 

filtered 
r-range (Å) 

Au-100 3.6±0.6 Cl 2.281±0.006 2±1 1.4–2.3 

Au-150 1.3±0.3 Cl 
6±1 Au 

2.26±0.01 
2.883±0.005 

3±2 
6±1 

1.3–3.3 

Au foil 12 Au 2.884  1.8–3.3 
 

 
By increasing the treatment temperature to 150°C, a large fraction of gold reduces to metallic state. 
The fit of EXAFS indicates Cl and Au around the Au atoms, corresponding to the remaining 
precursor and the developing metallic phase, respectively. In a rough estimate, NAu=6 corresponds 
to about one-half of the Au atoms in metallic state, while the reduction of NCl from 3.6 to 1.3 would 
indicate about one-third of Au still belonging to the precursor. Very probably, this discrepancy 
results from a stronger underestimation of NCl for the sample Au-150, with expectedly smaller 
particles of the precursor remnants than the sample Au-100. These chemical and structural changes 
of gold explain the severe deactivation of the catalyst after the thermal treatment at 150°C. 

Two of us (DM, CMT) gratefully acknowledge the assistance of Edmund Welter and Dariusz Zajac 
(HASYLAB) during the EXAFS experiments. 

References 

[1] F.Z. Su, Y.M. Liu, L.C. Wang et al., Angew. Chem. Int. Ed. 47, 334 (2007). 
[2] A. Grirrane, A. Corma, and H. Garcia, Science, 322, 1661 (2008). 
[3] J.M.C. Soares, P. Morrall, A. Crossley et al., J. Catal. 219, 17 (2003). 
[4] A. Negoi, S. Wuttke, E. Kemnitz et al., Angewandte Chemie Int. Ed., submitted. 
[5] J.J. Rehr, J. Mustre de Leon, S.I. Zabinsky et al., J. Am. Chem. Soc. 113, 5135 (1991). 
[6] D.E. O'Reilly, E.M. Peterson, C.E. Scheie et al., J. Chem. Phys. 55, 5629 (1971). 
[7] R.B. Greegor and F.W. Lytle, J. Catal. 63, 476 (1980). 

-902-



1 
 

Study of Chromium mobility kinetics onto cement by 
XAFS techniques 

D. Morillo, M. Avila, G. Pérez and M. Valiente 

Chemistry Department, Universitat Autònoma de Barcelona, 08193 Bellaterra (Barcelona), Spain 

Hexavalent chromium, an unavoidable trace element of the raw materials used in the manufacturing 
of Portland cement clinker, mainly present in raw materials such as iron slag, is toxic, carcinogenic 
and can cause significant risks to human health, generating different variants of dermatitis. 
European Commission established the maximum releasable concentration of chromium (VI) from 
cements or cement derivates in 2003 as 2 mg.kg

-1
. Therefore, the cement manufacturers dedicated 

several efforts varying their formulations and including reducing compounds to avoid exceeding 
maximum releasable amounts [1]. 

In this study, we carry out the contact of different cement and mortars preparation with synthetic Cr 
solutions in form of potassium dichromate (K2Cr2O7), representing the most toxic chromium specie. 
Additionally, we prepared standards with chromium (III) such as chromium oxide (Cr2O3) to 
observe if some chromium transformation processes exists during the kinetic studies. The study of 
the processes controlling chromium release expects to provide important information to optimize 
cement preparations in order to get cement and mortars with less toxicity, hazardousness and 
preservatives composition. The objective of this study at HASYLAB synchrotron is to characterize 
the Cr(VI) release from different types of cement and mortar used in the industry and it is expected 
to evaluate the effect of different additives on chromium speciation, at the first states of the 
hydration process. To achieve this objective we applied synchrotron radiation techniques at 
HASYLAB based on X-Ray Absorption Near Edge Structure (XANES). 

The first step of this study is the preparation of cements and mortars, by curing the preparations in 
miliQ water during 28 days. Afterwards, preparations were dried at 100 º C and ground to 100 µm. 
To study the mobility of chromium in cement and mortars, a solution of doped pore water (basic 
solution to simulate real conditions) with Cr (VI) 10-5 M was mixed with cement or mortar 
preparations in batch experiments. After performing the tests at different contact time, cement and 
mortar samples were dried. Finally, samples were homogenised, mixing with polyethylene and 
converted into pellets by hydraulic pressure to be analysed at the experimental station of the 
synchrotron facility. 

XANES analyses were performed at the beamline A1. The photon absorption of Cr was recorded at 
the edge energy for its K line at 5989eV. The selection of the detection mode depends upon the 
sample concentration and the matrix background [2]. Therefore, reference compounds and the 
analysis of unknown samples were analysed by fluorescence detection mode (PIPS detector). 
Speciation data was obtained by comparing the spectra from pure compounds, Na2CrO4, K2Cr2O7 
and Cr2O3 with the spectra obtained in the cement pellets. The reference compounds were prepared 
following two different methods: 

1)Pellets diluted with polyethylene  
2)Mixing an aqueous solution of the reference compounds with cement or mortar preparations, 
diluting in polyethylene and preparing the pellet after drying.  
 
Less noisy data was obtained with the second method and thus were used for the data analysis. 
XANES spectra were processed by using XANES dactyloscope data analysis software package [3].  
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Results 

Results obtained for the analysis of the reference chromium compounds diluted in polyethylene are 
presented in Figure 1a. 

The direct comparison of XANES spectra for chromium standards and chromium absorbed in the 
kinetic mobility studies (shown in Figure 1b) lead to apparent matches indicating that the 
predominant specie on cement M01 is the dichromate specie. In addition, we are studying a signal 
at 6550 eV, observed within samples of cement, probably proceeding from interferences of any 
component, such as Mg. However, this fact must be correctly identified. 

Nowadays, we are studying the effect of different pH on chromium mobility by applying a PCA. 
Then, a linear combination fit will be carried out to study the contribution of each Cr reference 
species. 
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Figure 1: a) XANES spectra of three reference compounds. b) XANES spectra of the chromium mobility 
kinetic for M01 mortar type. 

 

References 
 

[1] B. A. Manning, J. R. Kiser, H. Kwon, S. R. Kanel, Environ. Sci. Technol, 41, 586-592 (2007). 

Author, Europhys. Lett. 30, 4567 (2001). 

[2] D.C. Koningsberger, R. Prins,  X-ray absorption. Wiley,  New York (1988). 

[3] K. V. Klementiev,  XANES dactyloscope for Windows, freeware: www.desy.de/~klmn/xanda.html. 

a) b) 

-904-



XAFS investigation of Se modified Ru electro-catalysts 
for the oxygen reduction in PEM-FCs 

G. Zehl, I. Dorbandt, S. Fiechter and P. Bogdanoff 

Helmholtz-Zentrum Berlin für Materialien und Energie (HZB), Hahn-Meitner Platz 1, D-14109 Berlin, Germany, 

In the last decades, it has become clear that limited conventional energy sources are connected to 
environmentally and therefore increasingly socially problematic effects.  Currently, the use of 
sustainable energy sources experiences significant technological progress.  Nevertheless, the 
currently installed capacities are insufficient to cover major energy demands and the inherent 
problem of fluctuating energy production remains unsolved until powerful energy storage systems 
will become available.  In contrast to this, inexhaustible solar energy emerges as one of the most 
promising sources for future sustainable production of electricity.  Furthermore, in analogy to the 
concepts of natural photosynthesis, harvested solar energy can be converted into fuel, such as 
hydrogen or methanol.  Transition metals are well known to catalyze the electrochemical 
combustion of such solar fuels to recover electricity.  Currently, these fuel cell systems with state-
of-the-art Pt based catalysts are on the cusp of commercialization.  The use of Pt-nanoparticles 
finely dispersed on highly porous carbons with extremely enlarged surface areas led to a significant 
reduction of the necessary amount of Pt.  However, cheaper and more readily available ruthenium 
has been studied thoroughly as promising alternative cathode.  Nevertheless, the electro-catalytic 
performance of Ru in the oxygen reduction is still significantly lower than that of Pt, and under 
oxidative conditions of the ORR the cathode material is prone to oxidize.  Part of these problems 
can be mitigated by surface modification with selenium [1-3].  Moreover, Ru ORR-catalysts 
modified with Se feature superior methanol tolerance.  Therefore, these systems are of particular 
interest for DMFCs [4].  Although intense studies of RuSex-catalysts were performed [5, 6], no 
definite conclusion regarding the nature of the catalytically active surface could yet be drawn. 

A novel high-performing Ru based ORR catalyst has been prepared by modifying carbon-black 
supported Ru nano-particles with Se in a reductive annealing treatment at 800°C [7].  This catalyst 
was subjected to ex-situ EXAFS measurements at the Se K- (12.65 keV) and the Ru K- (22.11 keV) 
edges.  At the Ru K-edge, the FT-EXAFS function exhibits two main structural features related to 
Ru-O bonds at R = 1.45Å and to Ru-Ru bonds at R = 2.3Å (Fig. 1a).  This fact indicates that higher 
Ru-Ru distances are present in the RuSex/C catalyst, proving that its core consists of metallic Ru.  
No coincidence of the RuO2 FT-EXAFS curve at higher R values with the catalyst was found, 
which can be interpreted as a reaction of oxygen solely with Ru surface atoms.  Se-Ru bonds can 
also be detected at the Se K-edge (Fig. 1b).  As expected, the main peak of the FT-EXAFS function 
of the catalyst coincides with the main peak of the RuSe2 reference indicating Ru-Se bonds of the 
same distance as in RuSe2.  However, the missing of further peaks at higher R values again 
indicates that Se-Ru bonds are be restricted to the surface of the Ru particles and no RuSe2 phase 
has been formed.  In conclusion, our Se modified Ru particles can be addressed as RuSexOy 
assuming covalent bonding of oxygen and selenium as found in oxy-selenides. 
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Figure 1: FT-EXAFS spectra of the RuSex/C catalyst activated at 800°C with the reference curves measured 

(a) at the Ru K-edge and (b) at the Se K-edge. 
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To study the behaviour of the catalysts under fuel cell conditions, an electrochemical half cell was 
used to perform in-situ XAFS measurements at the Se K- and the Ru K-edges (Fig. 2).  A 
membrane (carbon paper coated with the RuSex/C-catalyst) was installed inside a narrow chamber 
equipped with Kapton-windows towards both sides.  The chamber was adjusted at an angulated 
(45°) position towards the incoming beam and was flushed with oxygen (O2) saturated electrolyte. 

beam in

fluorescence detector

transmission
 chamber

beam out

electrolyte
channels

Kapton-windows

catalyst membrane

cell body

Figure 2: Experimental set-up for the in-situ EXAFS measurements under oxygen reduction conditions. 

Studying the behaviour in the EXAFS region of Se and Ru under cathodic and anodic conditions, a 
reversible switching of the oxidation state of Se was observed (Fig. 3).  Se atoms on the surface of 
the RuSex particles changes oxidation from Se2- (Ru-Se bonds as known from RuSe2) to Se+IV (as in 
H2SeO3).  At U < 0.85 V Ru remains metallic on the surface of the nanoparticles.  Above 
U = 0.85 V the surface of the Ru nanoparticles cumulatively oxidizes forming a Ru-oxide layer of 
increasing thickness accompanied with a depletion of Se and the loss of ORR-activity. 
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Figure 3: FT-EXAFS spectra of the RuSex/C catalyst at the Se- and the Ru K edges under ORR half-cell 

conditions in an oxygen saturated electrolyte (1M H2SO4) at different potentials. 
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Introduction  
 
Mixed oxide catalysts containing metals from group 5 or 6 of the Periodic Table are active in 
selective oxidation of propane to acrolein and acrylic acid. Detailed studies on the correlations 
between structure and performance are required to reveal the role of catalyst structure and 
composition. The reduced chemical complexity of binary oxides makes them preferred model 
systems to distinguish between structural and compositional effects on catalytic performance. 
Unfortunately, most binary molybdeum oxides (like Mo4O11, Mo8O23, etc.) are not stable under 
reaction conditions and transform into α-MoO3.  
In order to modify the structure of binary molybdenum oxides while maintaining structural stability 
above 673 K, supporting oxide species on various oxidic or carbonaceous supports is currently 
employed extensively by many researchers. Recently, we have shown that hexagonal MoO3 
supported on nanostructured SiO2 is stable under selective oxidation conditions up to 773 K. 
Moreover, it was possible to correlate the local structure around the metal centers with their 
catalytic performance [1]. 
Here, we have performed in situ XAS investigations of molybdenum oxide supported on carbon 
nanofibers. Our approach focused on elucidating both the local structure around the Mo centers in 
the as-prepared and the activated model catalysts and the structural dynamics under changing 
reaction conditions [2]. 
 
Experimental  
 
Deposition of molybdenum on to open, hollow vapor-grown carbon nanofibers (VGCNFs, Pyrograf 
Products Inc.) was done by incipient wetness procedure using an aqueous (NH4)6Mo7O24 • 4H2O 
(Fluka) solution adjusted to pH 3 with nitric acid. After calcination (298 K, 10 h; 373 K, 5 h; 623 
K, 2 h) the final 7 wt. % Mo containing MoxOy-VGCNF was obtained. Samples treated at 
temperature higher than 623 K are denoted as activated MoxOy-VGCNF [2,3]. 
Structural and functional analyses of MoxOy-VGCNF in 3 % propene and 10 % oxygen were 
performed by combined in situ transmission XAS-MS experiments at the Hamburg Synchrotron 
Radiation Laboratory, HASYLAB [2]. 
 
Results and discussion 
 
The local structure of as-prepared MoxOy-VGCNF was very similar to that of hexagonal MoO3. 
Compared to silica based supports which may stabilize hex-MoO3 at temperatures above 673 K [1], 
the presence of hex-MoO3 on VGCNF resulted from moderate temperatures (< 623 K) during 
catalyst preparation (Figure 1, left). During heat-treatment in propene and oxygen containing 
atmosphere as-prepared MoxOy-VGCNF (Figure 1, middle) transformed into activated MoxOy-
VGCNF above 623 K. The local structure around the Mo centers in activated MoxOy-VGCNF was 
similar to that of α-MoO3 (Figure 1, right). A slightly reduced amplitude is indicative of Mo oxide 
support interaction and small, layer-like MoO3 species supported on VGCNF.  
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Figure 1   (left) Mo K edge XANES and (right, middle) Mo K edge FT(χ(k)*k3) of hexagonal MoO3, α-MoO3, and “as 

prepared” and “activated” MoxOy-VGCNF. (right) FT(χ(k)*k3) [2] 
 

Temperature and time-dependent XAS measurements showed a rapid transformation from hex-
MoO3 to α-MoO3 supported on VGCNF under reaction conditions (Figure 2, left). Subsequently, 
the resulting activated MoxOy-VGCNF catalyst exhibited a slowly increasing average oxidation 
state. The latter coincided with the formation of acrylic acid, which is hardly detectable during 
catalysis on regular, binary α-MoO3 (Figure 2, right). Moreover, activated MoxOy-VGCNF was 
much more active in the selective oxidation of propene compared to α-MoO3. Apparently, the 
particular local structure of “α-MoO3” like molybdenum oxide species supported on VGCNF 
permited a complete re-oxidation under reaction conditions in contrast to regular α-MoO3. The 
correlation between catalytic selectivity and average oxidation state as a result of suitable 
reduction-oxidation kinetics corroborates the importance of structural complexity rather than 
chemical complexity [2]. 
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Figure 2  (left)  Evolution of Mo K edge XAFS FT(χ(k)*k3) (right) evolution of  reaction products in gas phase (m/e 
44 = CO2, m/e 56 = acrolein, m/e = 72 acrylic acid) together with average Mo Valance measured during treatment of 

MoxOy-VGCNF in 3 % propene and 10 % oxygen [2] 
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The title compound dimethyl (1R*,2R*)-2[(tert-butoxycarbonyl)amino]-1-hydroxy-2-

phenylethylphosphonate crystallizes in monoclinic P21/c space group, Z=4. 161146 

reflections were measured with synchrotron radiation (λ=0.6Å) at a temperature 100K at 

beamline F1 (Hasylab/DESY). The XDS software was applied for integration of the MAR 

CCD detector data [1]. The structure was solved and refined with SHELXL [2] and the 

obtained model was used as the input for aspherical atom multipole formalism according to 

the method of Hansen and Coppens [3] using the XD2006 package program [4]. The 

preliminary calculations on hexadecapolar level of multipole refinement gave R(F) = 2.05%.  

The crystal structure of title compound (on the left) is stabilized 

by N-H…O, O-H…O and C-H…O hydrogen bonds (see 

Table). The combination of N-H…O and O-H...O hydrogen 

bonds forms dimers of molecules related by a centre of 

inversion. 

The value of the electron density of H-bonds and their 

Laplacian differentiates observed interactions to medium and 

weak hydrogen bonds.  

 

 symmetry D-H H...A D...A <D-H…A ρexp 
2
ρexp 

N(1)-H(1)…(3) -x, 1-y, -z 1.01 2.07 2.996(1) 152 0.08(1) 2.0(1) 

O(6)-H(6A)…O(3) -x, 1-y, -z 1.01 1.75 2.753(1) 170 0.15(1) 4.6(1) 

C(6)-H(6)…O(2) 1-x, 1-y, -z 0.97 2.40 3.255(1) 147 0.07(1) 1.1(1) 

C(51)-H(51A)…O(2) x, 3/2-y, ½+z 1.06 2.34 3.334(1) 156 0.05(1) 1.1(1) 
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Chemical interaction and phase relations in the B–B2O3 subsystem of the ternary B–N–O system
have been in situ studied at pressures up to 6 GPa and temperatures up to 2800 K using energy-
dispersive X-ray diffraction with synchrotron radiation and MAX80 multianvil high-pressure
apparatus at beamline F2.1 with the aim to construct the phase diagram of the system.

The obtained data on B6O liquidus temperatures at various boron content (from 44.9 to 95.4 at% B)
in B–B6O and B6O–B2O3 mixtures have been used to define the unknown parameters of the
employed thermodynamic phenomenological model. For instance, two parameters of the interaction
in the model of subregular solutions describing the thermodynamic potential of the B–O liquid
phase have been found by the fitting of two experimental liquidus temperatures at 5 GPa (2750 K
for B6O and 1740 K for the B6O–B2O3 mixture containing 44.9 at% B).

Based on the experimental and
literature data, thermodynamic
calculations of the equilibrium
and metastable B–B2O3 phase
diagrams at 5 GPa have been
performed. B6O was found to be
the only thermodynamically
stable boron suboxide which is a
congruently melting compound
that enters into eutectic reactions
with boron and B2O3.

Thus, at 5 GPa the equilibrium
phase p-T diagram the B–B2O3

system (Figure) is characterized
by the congruent melting of B6O
boron suboxide, and two eutectic
equilibria, i.e. L � B6O + B
(2400 K) and L � B2O3 + B
(1290 K). Metastable B–B2O3

diagram is represented by the
calculated liquidus lines of
β-rhombohedral boron and
α-B2O3, and contains the
corresponding metastable eutectic
equilibrium at 1130 K and 48.6
at% B.

Phase diagram of the B–B2O3 system at 5 GPa. The black
circles correspond to the solid state of the system; the crossed
circles, to the coexistence of a liquid phase with a solid; and the
open circles, to the completely molten samples. Solid lines
show the equilibrium phase diagram; while dashed lines,
metastable diagram.
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The investigation of the current project is focused on hydrogen bond in chromone and 

oxaphosphinane derivatives which posses potential biological activity. The intramolecular N-H…O 

hydrogen bond is observed in the crystal structures. This interaction closes extra six–membered 

ring, in which the π-electron delocalization could be observed. The consequences of π-electron 

delocalization within O=C-C=C-N-H chelate ring are resulting with the changing the geometrical 

parameters and enhancing the hydrogen bond.  

 

The charge density of chromone (I) and oxaphosphinane (II) derivatives were studied using 

synchrotron radiation (λ=0.6 Å) at beamline F1 at Hasylab/DESY (Hamburg, Germany). 69273and 

96543 reflections were measured up to a high resolution (sinθ/λ=1.11, and 1.21 Å
-1

) for compound 

I and II respectively. The data collected are of high quality, as reflected by an internal residual of 

Rint = 2.84% (I) and 3.65% (II) for all reflections. The XDS software was applied for integration of 

the MAR CCD detector data [1]. Spherical refinement was performed with SHELXL [2] and the 

obtained model was used as the input for aspherical atom multipole formalism according to the 

method of Hansen and Coppens [3] using the XD package program [4]. The preliminary 

calculations on hexadecapolar level of multipole refinement gave R(F) = 2.38% (I) and 2.15(II).  

 

 

 

 

 

 

 

 

 

 

 

 

   I      II 

 
Fig. 1 The molecular structure with the atom-numbering schemes for compound (I) and (II).  

 

The geometrical and topological analysis shows that the intramolecular N-H…O hydrogen bonds 

are of medium strength. It was found that a π-electron delocalization exists within the hydrogen 

bonded ring containing the conjugated system of single and double bonds. The π-bonding density 

within the chelate ring can be confirmed by bond lengths as well as high values of bonds ellipticity.  

 

Results of model densities were analyzed quantitatively in terms of Bader’s AIM theory [5]. The 

charge density ρ(r) of chemical structure was obtained based on experimental data and theoretical 

calculation. The single point density functional calculation were done based on experimental 

geometry with the basis set B3LYP (6-311++G**).  
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compound (I)       compound (II) 

 
Fig 2: Static deformation density maps (above) and residual density maps (below) in the plane of 

intramolecular HB N1-H1…O4. Positive, negative and zero contours are represented by red solid, blue 

dotted and black dashed lines, respectively. Contour intervals at 0.1 eǺ
-3

. 

 
Table 1: Geometrical (in Å, º) and topological parameters for intra- and intermolecular hydrogen bonds (ρ in 

e/ Å
3
, 

2
ρ in e/ Å

5
) 

 D-H H...A D...A <D-H…A ρexp 
2
ρexp 

compound I 

N1-H1…O4 1.01 1.67 2.560(2) 145 0.35(1) 4.8(1) 

compound II 

N1-H1…O4 1.01 1.81 2.837(1) 164 0.24(1) 3.8(1) 
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Introduction 

Ionic liquids (IL) attract increasing attention due to their unique properties; they exhibit a 
negligible low vapour pressure combined with excellent solvation properties. Their molecular 
variety makes them an interesting material for many advanced applications, for instance in 
chemical reaction engineering and even as electrolyte in fuel cells. Over the past years, ionic 
liquids were applied as catalysts in different forms, e. g. as support ionic liquid phase (SILP) 
catalyst or as solid catalyst with ionic liquid layer (SCILL). In both concepts, the IL is 
immobilised on a porous solid. Modification of supported catalysts with IL is reported to change 
both the catalyst’s reactivity and stability. 

 

 

 

 

Fig. 1. Schematic drawing of a supported catalyst modified by an ionic liquid [1]. 

Recently, IL coated palladium catalysts were introduced for citral hydrogenation, whereby 
dicyanamide based ionic liquids enable the one-pot synthesis of citronellal (Fig. 1) [1,2]. CO 
chemisorption of such catalysts showed a decreased uptake in the presence of the ionic liquid 
indicating coverage of palladium by the ionic liquid. Furthermore, nitrogen physisorption 
revealed a decrease in BET surface area also suggesting the deposition of the IL as thin layer. 

However, it is not fully understood how the ionic liquid interacts with the catalytic active 
palladium to explain its promoting effect in citral hydrogenation.  

Experimental 

At beamline X1, X-ray absorption spectra of the Pd K edge (24.35 keV) were recorded using Pd 
metal foil as a reference. The experiments were conducted in transmission from 24.2 keV to 
25.4 keV. The program package WinXAS was applied for qualivative comparisons of the 
XANES region only, whereas the XDAP code developed by Vaarkamp et al. was used to extract 
the EXAFS data from the recorded raw data. The samples were prepared by diluting the 
respective amount of catalyst in polyethylene powder and pressing it into dense pellets. These 
were then placed in a multiple sample holder, and several spectra were collected with a duration 
of approximately 45 minutes each and added to improve the spectra quality. As a first step, the 
near-edge region of the data was analysed qualitatively and compared with data from the 
literature. Then, an EXAFS analysis was performed fitting the Fourier-transformed spectrum to a 
reasonable model using the XDAP software package. 
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Results  

A qualitative comparison of the XANES regions of all samples is given in Fig. 2. The near-edge 
spectra show similar behaviour independent of the catalyst examined and appear to be in good 
agreement with data reported in the literature for metallic Pd. Also the Fourier-transformed 
EXAFS (Fig. 2 right) of all samples show rather similar features characteristic of metallic 
palladium.  

 

 

 

 

 

 

Fig. 2. Comparison of XANES region and FT of Pd/SiO2 reference and IL-modified catalyst. 

The Fourier-transforms of all samples were fitted with XDAP and the results for the coordination 
numbers (N), and nearest neighbour distances (R) are listed in Table 1.  

Table 1: XAS results of IL coated Pd/SiO2 catalysts. 

Entry IL NPd–Pd RPd–Pd [Å] NPd–O RPd–O [Å] 

1 – 9.5 2.74 1.3 2.17 
2 [BMIM][N(CN) 2] 7.7 2.74 0.8 2.20 
3 [BMIM][NTf 2] 8.2 2.73 1.1 2.20 

 
The Pd–Pd contribution is dominant in all samples, but a small Pd–O contribution is required in 
all cases in order to obtain a good fit. The metallic character of palladium for all samples is also 
revealed by a consistent Pd–Pd distance of 2.74 Å. Through impregnation with ionic liquids the 
Pd–Pd coordination number decreases from 9.5 to 7.7 for dicyanamide and to 8.2 for [NTf2]

– 
based ionic liquids, respectively. Pd–O contributions are less pronounced with coordination 
numbers of 1.3 for the unmodified catalyst and even less for the ionic liquid-modified catalysts. 
The Pd–O distance, however, is slightly increased in the presence of an ionic liquid from 2.17 to 
2.20 Å. It is suggested that the IL stabilizes the Pd dispersion. However, further long-term 
studies are required to confirm this assumption [3]. 
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The main aim of this project is to determine experimentally the charge density of series organic 

compounds of the potential biological activity. Our research are focused on intramolecular 

hydrogen bonds, which could be classified as RAHB (resonance assisted hydrogen bond) [1] 

observed in crystal structures of many chromone and coumarine derivatives. The use of topological 

analysis of ρ(r) based on Bader’s AIM theory (atoms in molecules) [2] can give a quantitative 

description of bonds. The topology of ρ(r) and its derivatives in the region of the intramolecular 

resonance assisted hydrogen bonds is under special consideration. 

The high resolution X-ray data were measured at beamline F1 at Hasylab. The set of 26824 unique 

reflections of was collected with synchrotron radiation of the wavelength =0.5Å. For the data 

reduction the XDS[3] program package was used. The title compound crystallizes in monoclinic 

system, space group P21/n with Z= 4. The obtained SHELXL [4] spherical model of molecule was 

used as the input for aspherical atom multipole formalism using the XD[5] package program. The 

preliminary multipole refinement on hexadecapolar level of gave R(F) = 0.0195, R(F
2
) = 0.0362. 

The calculation of geometric parameters confirmed the existence of intramolecular hydrogen  

N-H…O bond in the title crystal structure. The preliminary calculation of electron density based on 

aspherical molecular model indicated the bond critical point of this interaction as well as ring 

critical point of the additionally closed six-membered chelate ring.  
 

 

Molecular structure of the title 

compound molecule, showing 

atomic displacement ellipsoids  

at 40% probability level, 

 and scheme of intramolecular 

hydrogen bond (left);  

ρ(r) gradient trajectories in the  

N-H…O intramolecular 

hydrogen bond region (right) 
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Urea and its derivatives have been the subject of extensive experimental and theoretical studies, 

using many techniques, mainly because of interesting physical and chemical properties [1-4]. Here 

we report a preliminary results of charge density study of N-phenylurea using synchrotron 

diffraction data collected at beamline F1 at HASYLAB/DESY. Although known from literature [1], 

the structure was resolved and refined with SHELX-97 program package [5]. Then, spherical model 

was used as input for multipole modelling [6] (see Figure 1). Table 1 gives a comparison of 

topological properties at the bond critical points for C=O and CN bonds of urea moiety. 

   

Figure 1: (left) The ellipsoid plot of N-phenylurea with the atom-numbering scheme; 

(right) Residual density map in the urea moiety. Contour interval 0.1 eÅ
-3

. 

Table 1: The comparison of selected geometric and topological parameters for N-phenylurea and urea [4]. 

 N-phenylurea (this study) Urea [4] 

 d (Å)  (eÅ
-3

) 
2 (eÅ

-5
) d (Å)  (eÅ

-3
) 

2 (eÅ
-5

) 

C1=O1 1.2513(2) 2.529(26) -33.0(2) 1.2565(5) 2.722(10) -31.8(3) 

C1N1 1.3668(3) 2.194(22) -20.0(1) 
1.3384(4) 2.359(16) -25.0(3) 

C1N2 1.3500(3) 2.291(23) -23.0(1) 

C11N1 1.4180(3) 1.864(23) -10.7(1)    

 

Acknowledgements 

The research leading to these results has received funding from the European Community's Seventh 

Framework Programme (FP7/2007-2013) under grant agreement No° 226716. 

References 

[1] S. Kashino and M. Haisa, Acta Cryst. B33, 855-860 (1977) and references cited therein. 

[2] S. Swaminathan, B.M. Craven and R.K. McMullan, Acta Cryst. B40, 300-306 (1984). 

[3] S. Swaminathan, B.M. Craven, M.A. Spackman and R.F. Stewart, Acta Cryst. B40, 398-404 (1984). 

[4] H. Birkedal, D. Madsen, R.H. Methiesen, K. Knudsen, H.-P. Weber, P. Pattison and D. 

Schwarzenbach, Acta Cryst. A60, 371-381 (2004) and references cited therein. 

[5] G.M. Sheldrick, SHELXS97 and SHELXL97. University of Göttingen, Germany (1997). 

[6] A. Volkov, P. Macchi, L.J. Farrugia, C. Gatti, P.R. Mallinson, T. Richter and T. Koritsanszky, 

XD2006: A computer program package for multipole refinement, topological analysis of charge 

densities and evaluation of intermolecular energies from experimental or theoretical structure factors 

(2006). 

-916-



hν 

ΔT 

    λ  > 300nm 

 RT 

c-axis 

Report on I-20080201  
 

High-resolution Photo-crystallographic Investigations 
of Topochemical Reactions  

 
R. More, I. Rajkovic, S. Gruebel, J. Hallmann, S. Techert 

 
Max Planck Institute for Biophysical Chemistry, 37070 Goettingen, Germany 

 
Aim of the beamtime was the real-time investigation of the structural dynamics of organic 
molecular switching devices in the solid state. We have studied α-styrylpyrylium(TFMS), 9-
anthracenecarboxylic acid and 2,5-distyrylpyrazine.  
Our photo-crystallographic studies reveal that α-styrylpyrylium(TFMS) is indeed a photo-activated 
molecular switcher, which can be switched between monomer and dimer state by light and heat 
(Figure 1). 
 

 
Figure 1: Refined switching process of α-
styrylpyrylium(TFMS). 
 
 
 

 
In the case of 9-anthracenecarboxylic acid (9-CA) – and contrary to the reported studies [2, 3] – a 
topotactical switching could not be confirmed by our photo-crystallographic studies. 9-
anthracenecarboxylic acid photo-dimerises – no doubt – but the formed dimer phase is not only of 
metastable character but also without any pronounced crystal periodicity (no real single crystal / 
single crystal transformation). At temperatures below 250 K, the metastable dimer “phase” forms 
within 2 hours of illumination. It is detectable as the light-induced occurrence of diffuse planes in 
the diffraction patterns. For the photo-crystallographic experiment, the low-power laser beam has 
been coupled into the goniometer with a Schwarzschild objective. The optical excitation conditions 
have been chosen in such a way that – based on our spectroscopic studies - they were far away 
from photo-destruction processes – and that the predicted overall transformation times to 100 % 
dimer state should be on the 5-6 hours time scale.  
 

Figure 2: Refined structure of 9-CA (left side) with 
two 9-CA molecules in one unit cell (Z = 2). 
Starting point of the proposed reaction and photo-
crystallographic studies. 
 

 
 
In the case of 9-anthracenecarboxylic acid one striking characteristic is the coupled kinetics of 
excimer formation – which is the activated complex possibly leading to the dimer product – and the 
proton transfer through the carboxy chain. Temperature-dependent crystallographic studies 
(monomer: R1 = 6.5 %, 20000 Bragg diffractions, GooF= 1.65, resolution to d = 0.6 Å) show that 
9-anthracenecarboxylic acid undergoes at least two-phase transitions – one structural ones at 190 K 
(Figure 3) and one optical ones at 150 K (not shown). The evaluation of the crystallographic data 
(Figure 3) suggest for the structural phase transition (2nd order) a rearrangement of the anthracene 
moieties towards each other – which leads to a shortening in the c-axis of 9-CA crystals. The 
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rearrangement of the anthracene moieties sterically supports the dimerisation reaction – however 
not to such an extend that the dimerisation reaction could proceed through the entire crystal 
homogeneously! We have monitored dimer-formation and within the diffraction pattern signatures 
of disorder have been reproducibly detected – however, a clear and pronounced singe crystal to 
single crystal transformation as it could be investigated in the case of α-styrylpyrylium(TFMS) [3] 
or benzylidene-cyclopentanone [4] has not be observed.  
The optical 150 K phase transitions is not caused by a refinable structural rearrangement – due to 
the monotonic shortening of the unit cell axis in 9-CA upon cooling, the carboxy groups start to 
interact more strongly with each other, enhancing proton transfer activity and quenching of the 
excimer channel [5].  
 

Figure 3: Structural phase transition of 
9-CA at 190 K. The temperature-
dependent change in the c-axis has 
been modelled by two molar fractions 
of two 9-CA species. The potential 
barrier between these two species 
could be determined to ΔG= 310 cm-1.  

 
 

 
 
 
 
 
 
 

Currently we are making a detailed analysis of the detected diffuse planes in 9-CA which arise 
upon illumination beyond 190 K and which we assign to the dimer phase. In order to complete the 
physico-chemical characterisation of crystalline 9-CA, we need to study the kinetic effects of the 
proton transfer in more detail. 
 
In sum, the experiment again proofs the power of photo-crystallography for investigating 
photoreactions in the solid state. In contrast to some spectroscopic methods, the crystallographic 
experiments reveal the possibility for studying periodic order and disorder processes. Therefore, it 
is the method of choice for cataloguing solid-state chemical reactions into the group of crystal-
remaining reactions and periodicity-destroying reactions. This of course has a huge impact on the 
product quantum yields of a photoreaction – and more important on its stereo-selective purity.  Our 
extended DORIS studies in this field have left to an extended knowledge of substances and 
compounds in this field.   
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The colourless single crystal of the title compound was 

used for X-ray measurement on Huber diffractometer 

equipped with a MAR165 CCD detector [1] at beamline F1 

at HASYLAB/DESY. The data set was collected with 

synchrotron radiation (=0.6Å) at 100K. 168466 

reflections were measured up to a resolution d=0.42Å to 

give 10869 independent reflections. The data reduction was 

performed with XDS [2]. The structure was solved and 

refined on F
2
 using SHELX-97 package [3]. 

 

 

Figure:       (1)     (2)            (3)   

The molecules of the title compound are linked by intermolecular O2−H2∙∙∙O1(i:-x,-y,-z) hydrogen 

bond, which is responsible for the formation of a cyclic dimer about a centre of symmetry; an 

R2
2
(12) graph-set motif [4] is generated (see Figure 1). Moreover, in the crystal lattice a weak 

C8−H8∙∙∙O2(-x,-y,-z) interaction is found forming another hydrogen-bonded motif of R2
2
(6). The 

combination of these two interactions produces a C[R2
2
(12) R2

2
(6)] chain of rings running parallel 

to the [0 0 1] direction (see Figure 2). The crystal packing is additionally stabilized by 
…
 stacking 

interactions between partially overlapping isoindole rings (see Figure 3). 
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The title compound 3-hydroxy-5-methoxy-2-methyl-2,3-dihydro-isoindol-1-one, C10H11NO3 (see 

Figure 1) crystallizes in orthorhombic Pbca space group, Z=8. A dataset of 137793 reflections was 

collected with synchrotron radiation (=0.6Å) at a temperature of 100K at beamline F1 

(HASYLAB/DESY). The structure was solved and refined with SHELX-97 package [1]. 

Subsequently, the aspherical-atom model was considered using the Hansen and Coppens multipole 

formalism [2] as implemented in the program package XD2006 [3]. 

Figure 1: The molecular structure of title compound with an atom-

numbering scheme. Displacement ellipsoids are drawn at 50% 

probability level. 

The crystal structure of title compound is stabilized by OH
…

O 

and CH
…

O hydrogen bonds (see Table 1).  

The existence of critical points on H...O bond path within all CH
…

O bridges confirms the 

presence of these interactions in the crystal lattice. However, a relatively low value of the electron 

density and a positive Laplacian at these BCPs, observed in all cases, justifies these interactions to 

be considered as weak hydrogen bonds. 

Table 1: Summary of hydrogen bonds including geometric [Å,°] and bond topological properties [eÅ
-3

,eÅ
-5

]. 

DH...A symmetry D–H H...A D...A <DH...A  (H...A) 
2 (H...A) 

O(2)H(2)
…

O(1) ½-x,½+y,z 0.97 1.80 2.7671(8) 178 0.17(1) 3.7(1) 

C(3)H(3)
…

O(2) ½+x,y,½-z 1.08 2.38 3.4536(10) 173 0.04(1) 1.0(1) 

C(6)H(6)
…

O(1) -½+x,y,½-z 1.08 2.34 3.3940(10) 165 0.05(1) 1.1(1) 

C(9)H(9A)
…

O(3) ½-x,-y,½+z 1.06 2.56 3.4230(10) 138 0.04(1) 0.7(1) 

C(9)H(9C)
…

O(3) x,½-y,½+z 1.06 2.49 3.5287(10) 166 0.03(1) 0.8(1) 
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The charge density of two chromone derivatives (I and II) were studied using synchrotron radiation 

(λ=0.6 Å) at beamline F1 at Hasylab/DESY (Hamburg, Germany). 184069 and 117495 reflections 

were collected up to a resolution of sinθ/λ = 1.11 Å
-1

 and 1.18 Å
-1

 for compound I and II, 

respectively, The integration, reduction and scaling of diffracted intensities were done using the 

XDS package [1]. The intensities were corrected for oblique incidence on the detector surface [2, 3] 

for compound I and II, respectively. Spherical refinement was performed with SHELXL [4], the 

obtained model was used as the input for aspherical atom multipole formalism according to the 

method of Hansen and Coppens [5] using the XD package program [6]. Additionally on the basis of 

experimental geometry theoretical calculations were performed at the B3LYP/6-311++G** level 

approximation.  

Special focus in this study was directed to the detailed 

insight of the hydrogen bonds and in particular the formation 

of the intramolecular resonance assisted hydrogen bonds 

(RAHB) system [7]. 

Figures (see on the right) show the crystal packing of 

compounds I and II. Table presents geometrical and 

topological parameters for intra and intermolecular hydrogen 

bonds. Taking into account (table below) the geometrical 

(D…A, H…A distances) and topological criteria (ρ(rBCP), 


2
ρ(rBCP) together with Rozas approach [8] the 

intramolecular hydrogen bond (N1-H1…O4) is classified as 

medium strength hydrogen bond, among the remaining 

intermolecular hydrogen bonds which are rather weak. Last 

column refers to hydrogen bonding energy calculated 

according to Espinosa relation 𝐸𝐻𝐵 =
1

2
 𝑉 𝐫𝐵𝐶𝑃  (the first 

line in kJ/mol, the second line refers to kcal/mol) [9]. 

 

  D-H H...A D...A <D-H…A ρexp 
2
ρexp EHB 

I 

N1-H1…O4 1.01 1.77 2.596(1) 136 0.29(2) 4.4(1) -60.17/-14.38 

N1-H2…O2
i
 1.01 1.89 2.879(1) 166 0.13(2) 3.3(1) -25.57/-6.11 

C312-H312…O2
ii
 1.08 2.30 3.226(1) 143 0.06(1) 1.2(1) -8.00/-1.91 

C7-H7…O4
iii

 1.08 2.34 3.418(1) 178 0.02(1) 1.2(1) -6.19/-1.48 

II 

N1-H1…O4 1.01 1.71 2.596(1) 144 0.30(1) 4.9(1) -65.24/-15.59 

C313-H313…O4
iv
 1.08 2.55 3.331(1) 128 0.04(1) 0.7(1) -4.43/-1.06 

C6-H6…O2
v
 1.08 2.52 3.513(1) 152 0.03(31 0.7(1) -4.25/-1.02 

C314-H314…O4
ii
 1.08 2.32 3.189(1) 136 0.06(1) 1.1(1) -7.75/-1.85 

symmetry code: (i)  1-x, -½+y, ½ -z; (ii):  ½+x, ½-y, -z; (iii) 3/2-x, -½+y, z; (iv) –x, ½+y, -½-z, 

 (v) –x, -y, -z. 
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Taking into account the intramolecular hydrogen bond N-H…O the detailed geometrical and 

topological analysis was done. The experimental electron density ρ(r) at the bond critical point 

(BCP) of the H…O contact and its Laplacian 
2
 ρ(r) are similar to theoretical calculated values. 

The analysis of the ellipticity of O4=C4, C4-C3, C3=C31, C31-N1 bonds is compatible with a π-

electron delocalization concept for resonance assisted hydrogen bonds (see Figure and Table 

above). The bond lengths also confirm the π-electron delocalization effect within the O=C-C=C-N-

H bonds system. The formally single bond C4-C3 appears shorter than double one C3=C31 and 

vice versa. It is observed the lengthening the C4=O4 bond and shortening the C31-N1 bond within 

the ring in respect to the expected values. 
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d ρexp  

2
ρexp  εexp 

I 
  

  

O4 - C4 d1 1.2570(4) 2.30(1) -12.0(1) 0.30 

C3 - C4 d2 1.4524(3) 1.77(1) -11.7(1) 0.16 

C3 - C31 d3 1.4326(4) 1.82(1) -11.0(1) 0.21 

N1 - C31 d4 1.3223(4) 2.23(1) -15.7(1) 0.33 

II 
  

  

O4 - C4 d1 1.2567(2) 2.58(1) -27.0(1) 0.10 

C3 - C4 d2 1.4466(2) 1.90(1) -12.1(1) 0.10 

C3 - C31 d3 1.4301(2) 1.90(1) -13.8(1) 0.12 

N1 - C31 d4 1.3255(2) 2.31(1) -21.3(1) 0.16 

-922-



Skα and Zrkα EXAFS investigations on metal-sulphur 
mono- and polynuclear compounds. 

F. Maratini1, M. Bauer2, C. Gastl2, L. Pandolfo1, and S. Gross1 

1 Dipartimento di Scienze Chimiche, ISTM-CNR and INSTM, UdR Padova, Università di Padova, via 
Marzolo 1, I-Padova, Italy 

2 Instut für Physikalische Chemie, Universität Stuttgart, Pfaffenwaldring 55, D-70569 Stuttgart, Germany 
 

Introduction 
The metal-sulphur chemistry of transition metals represents a challenging and exciting research topic in the 
field of inorganic and structural chemistry, which has actually been thoroughly explored by several authors1.  
Due to the peculiar features of this species, such as high polarizability, large negative charge, coordination 
versatility and manifold apticity, sulphur-based ligands often present a “chameleonic” behaviour with 
respect to their chemical, redox, electronic properties as well as to their coordination behaviour. Recently, 
we have approached the coordination chemistry of different transition metals (Zr, Hf, Cu, Cd, Zn) with 
polydentate sulphur ligands to give mono- and polynuclear complexes. The formation and coordination 
behaviour of these species have been investigated by XAS measurements, and hereafter we present some 
very preliminary result. X-ray absorption measurements at different metal (see table 1 below) and 
sulphur K-edges were performed for the following compounds 

1. new Zr trinuclear thiocluster Zr3 and tetranuclear oxothiocluster Zr4 formed by reaction of 
Zr(OnBu)4 with thioacetic acid as ligand. 

2. new Cu(II) and Cu(I), Zn(II) and Cd(II) complexes with three different S,N based ligands. 
Powder samples of Zn(II), Cu(II) and Cd(II) complexes with different ligands, 4(5)-
imidazoldithiocarboxylic acid (IMDTC)1, 2-amino-5-thiol-1,3,4-thiadiazole (ATTDZ) and 2-
amino-4-thiazoleacetic acid (ATAC)2 in different molar ratios (see Table 1) were analysed at the 
Skα and at the metal Kα edges, as solid pellets dispersed in boron-nitride or cellulose matrices. 
These complexes were obtained by reacting the different metal precursors with ligand solutions. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Table 1: Experimental data concerning the performed measurements. 

 

 SAMPLE / SYNTHESIS EDGES BEAMLINE 

Zr FM_1 4(5)-Imidazol-dithiocarboxylic acid  (IMDTC) S A1 

Zr FM_2 2-Amino-5-thiol-1,3,4-thiadiazole  (ATTDZ) S A1 

Zr FM_4 Zr(OBu)4 + CH3C(O)SH, 298 K, 1 : 8  (gel) S, Zr  A1, C 

Zr FM_5 Zr(OBu)4 + CH3C(O)SH, 298 K, 1 : 6 (crystals) S, Zr  A1, C 

Zr FM_6 Zr(OBu)4 + CH3C(O)SH, 298K, 1 : 8 (crystals) S, Zr  A1, C 

Zr FM_7 2CuCl2 + 3ATTDZ + 2DIPEA (EtOH sol.)= Cu(ATTDZ)1 
(powder) S, Cu A1, C 

Zr FM_8 1ZnSO4 + 2IMDTC + 1DIPEA (MeOH sol.) = 
Zn(IMDTC)2 (powder) S, Zn A1, C 

Zr FM_9 1CuCl2 + 2ATAC (H2O sol.) = Cu(ATAC)2 * (powder) S, Cu A1, C 

Zr FM_10 1 Cu(OAc)2 + 2ATAC + 1DIPEA (MeOH sol.) = 
Cu(ATAC)2 (powder) S, Cu A1, C 

Zr FM_11 Cd(SO4) + 1ATAC + 1ATTDZ (1:3 = EtOH:H2O sol.) = 
Cd(ATAC)x(ATTDZ)y (powder) S, Cd A1, C 

Zr FM_14 1Zr(OBu)4 [80% in BuOH] + 6CH3C(O)SH  Zr  C  
analysis in situ 
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Finally, the formation of the tetranuclear Zr-oxothioclusters (Zr4) from the reaction of Zr(OnBu)4 
with thioacetic acid in a 1 : 6 molar ratio (solution 0.2 M, in anhydrous n-butanol) at room 
temperature and under anhydrous conditions, was followed with time-resolved measurements at the 
ZrKα edge for 8 hours in a sealed cell. The structures of Zr trinuclear thiocluster Zr3 and Zr 
tetranuclear oxothiocluster Zr4 are shown in Figure 1.a and 1.2:  

  

Figure 1 Structures of the Zr trinuclear thiocluster Zr3 (left) and Zr tetranuclear oxothiocluster Zr4 (right) 

Results 
In figure 2, the time-dependent spectra recorded in course of the formation of Zr4 are shown. A 
clear increase of intensity in the Zr-O (~ 2 Å) and the Zr-Zr (~ 3.5 Å) contribution accompanied by 
a reduction of the peak at around 2.8 Å is observed. The type of this contribution has to be clarified, 
which is currently carried out as well as the EXAFS analysis of all other spectra. Results will be 
given with the next report.  

 

Figure 2 Time-dependent spectra recorded in course of the formation of Zr4. 

Acknowledgements 
The research leading to these results has received funding from the European Community's Seventh Framework 
Programme (FP7/2007-2013) under grant agreement n° 226716. The European Union, the University of Padova, the 
EU-Project “Integrating  Activity on Synchrotron and Free Electron Laser Science” (IA-SFS) and INSTM are 
acknowledged for financial support. The authors also acknowledge the DESY Hasylab Hamburg for the provision of 
beamtime. 
References 

[1] Dance, I.; Fisher, K. In Progress in Inorganic Chemistry; Karlin K. D. (Ed.); Interscience Pub.: Kensinton, 
Austrialia 1994; Vol. 41; Niu, J.; Zheng, H.; Hou, H.; Xin, X. Coord. Chem. Rew. 2004, 248, 169-183; 
Handbook of Chalcogen Chemistry: New Perspectives in Sulfur, Selenium and Tellurium; Francesco 
Devillanova (Ed.); Royal Society of Chemistry: London, England, 2006;  

[2] AA. VV., Organic Compounds of Sulphur, Selenium and Tellurium, Vol. 3, Specialistic Periodical Reports, 
The Chemical Soc., London, 1975. 

-924-



High-pressure synthesis of FeO–NiO solid solutions
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Zinc oxide is a wide-band-gap semiconductor and has many industrial applications. At ambient
pressure ZnO has hexagonal wurtzite structure (P63mc) that transforms into rock-salt one (Fm3m)
at pressures above 6 GPa. However, high-pressure phase of ZnO cannot be quenched down to
ambient conditions. Recently, metastable MeIIO-ZnO solid solutions (MeII – Ni2+, Fe2+, Co2+, Mn2+)
with rock-salt structure have been synthesized by quenching from 7.7 GPa and 1450-1650 K [1]; in
particular, single-phase rock-salt Fe1-xZnxO solid solutions of various stoichiometries (0 < x ≤ 0.5)
have been obtained. In the present work we have performed the first in-situ investigation of the
binary FeO-ZnO system at high pressure and high temperature using X-ray diffraction with
synchrotron radiation.

Experiments have been performed using MAX80 multianvil apparatus and energy-dispersive X-ray
diffraction at beamline F2.1. Experimental details are described elsewhere [2].

At 4.8 GPa and temperatures below 750 K, only reflections of pristine oxides (w-ZnO, rs-FeO) are
observed in the diffraction patterns. At higher temperatures, intensities of w-ZnO reflections start to
decrease (Figure 1), while intensities of cubic phase reflections start to increase, which is indicative
of the chemical reaction between FeO and ZnO. This reaction is accompanied by dissolution of zinc
oxide in iron (II) oxide and formation of a Fe1-xZnxO solid solution with a rock-salt structure. The
onset temperature of interaction, 750 K at 4.8 GPa, was found to be irrespective of the reaction
mixture composition. The forming rs-Fe1-xZnxO solid solutions coexist with wurtzite ZnO in a
rather wide temperature range. Finally, after complete ZnO dissolution, the stoichiometry of solid
solution attains that of the initial reaction mixture. The temperature of the complete disappearance
of w-ZnO (Td) depends on the stoichiometry of initial mixture as shown in Figure 1 (inset) and
increase with the ZnO content from 950(5) K for x = 0.3 to 1290(5) K for x = 0.85.

Lattice parameters of the rs-Fe1-xZnxO solid solutions have been in-situ determined in the Td-1300 K
range at 4.8 GPa. The temperature dependencies of the unit cell volume are presented in Figure 2.
All these dependencies are linear, and their slopes give the values of volume thermal expansion
coefficient (α) at 4.8 GPa (Table).

Composition “FeO” Fe0.7Zn0.3O Fe0.5Zn0.5O Fe0.3Zn0.7O rs-ZnO*

αααα×105 (K-1) 5.1±0.2 5.4±0.2 5.1±0.4 5.9±0.5 6.0±0.6

Temperature range (K) 800-1300 950-1300 1030-1300 1170-1300 –

* Linear extrapolation of the thermal expansion coefficients of rs-Fe1-xZnxO solid solutions (х = 0.3, 0.5, 0.7) to x = 1 (pure ZnO)
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Figure 1: Diffraction patterns of the FeO-ZnO mixture (50 mol% ZnO) taken at 4.8 GPa in the
course of a linear heating at a rate of 10 K/min.  Inset: Temperatures of the complete
disappearance of wurzite ZnO (solid circles).

Figure 2: Unit cell volumes of rock-salt Fe1-xZnxO solid solutions vs temperature at 4.8 GPa
(squares – x = 0, circles – x = 0.30, triangles – x = 0.5, hexagons – x = 0.7).
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SAXS and WAXS on Self-Healing and Electrophoretic 
Gels 
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Department of Chemistry, University of Reading, Whiteknights, Reading, RG6 6AD, UK 

The structure of several types of gel samples at the nanoscopic level were determined using WAXS 
and/or SAXS measurements.  This involved the use of the liquid sample holder attached to the A2 
beamline at DESY, linked with a thermostat to allow for measurements at multiple temperatures. 

The first and largest set of samples consisted of self-healing gels and related compounds in both 
aqueous and polar organic solvents.  These materials of are interest as they form highly ordered 
networks that display excellent and tuneable elastic properties, and which can, after rupture, self-
heal without defects forming.  Figure 1 shows the WAXS patterns of two chemical similar 
compounds (currently under patent consideration); compound 1 is a test compound, with only one 
hydrogen-bonding moiety per molecule, while compound 2 has two of these moieties.   
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Figure 1: WAXS patterns of two related compounds, one with a single hydrogen bonding moiety 

(compound 1) and one with two such moieties (compound 2), in both water (for compound 1, blue curve) 
and nitromethane (for compounds 1 and 2, green and red curves respectively). 

The first compound forms ordered aggregates in both water and nitromethane, with the compound 
producing more ordered structures in the organic solvent. The compound produced a similar level 
of ordering to the first. 

The second set of samples run consisted of mixtures of polyacrylic acid and the Pluronic (PEO-
PPO-PEO triblock copolymer) surfactant P123.  These are being examined as potential gels for 
electrophoresis.  For such an application it is expected that the properties of the gel (in particular its 
phase) will have a significant effect on the gels separating ability.  In these measurements the gel 
were examined at three temperatures, 22 oC, 55 oC and 70 oC.  A sample of the results is shown in 
figure 2.   
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Figure 2: SAXS patterns of a polyacrylamide-Pluronic P123 gel at various temperatures.  The aqueous 
portion of the gel contains 15% polyacrylamide, while the surfactant makes up 30% of the total weight. 
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As can be seen from this figure the as-prepared gel (at room temperature) exhibits a hexagonal 
packing of cylindrical Pluronic micelles in a polyacrylamide gel with a lattice parameter of 16.4 
nm.  Upon heating to 55 oC the phase changes to a lamellar phase with a layer spacing of 16.1 nm.  
Upon further heating the lamellar structure becomes slightly disordered, as indicated by the broader 
peak widths. This work is currently being incorporated into a PhD thesis (G.E.Newby, University 
of Reading) that is expected to be completed in early 2010. 
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Single crystal synchrotron diffraction data have been collected (see details in the Table 1) on a 

sample of 2-hydroxy-4,4-dimethyl-6-oxo-cyclohex-1-enecarboxylic acid amide at low temperature 

to characterize the short, strong intra- and intermolecular hydrogen bond. The analyzed molecule 

offers an example of structure with potential resonance assisted hydrogen bonds (RAHB) [1]. It is 

observed a very short intramolecular O-H...O hydrogen bond with elongated distance O3-H3 to 

1.18Å. The distance C3-C1, C15-O1 (formally double bonds C=C, C=O) also elongates 

significantly to 1.400(1)Å and 1.283(1)Å. The crystal structure of title compound is additionally 

stabilized by N-H…O intermolecular hydrogen bonds (see Table 2). 

Table 1: Experimental details. Figure 1: The molecular structures with the atom-
numbering scheme. 

 

 I 

molecular formula C9H13NO3 

molecular weight 183.2 

crystal description, size [mm] Plate, 0.10.20.6 

crystal system, space group Monoclinic, P21/c 

a [Å] 12.136(1) 

b [Å] 6.480(1) 

c [Å] 13.606(1) 

β [º] 120.64(1) 

temperature [K] 100 

 [Å] 0.5000 

measured / unique reflections 40922/1625 

max []/Rint 17.53/0.0258 

completeness [%] 95.2 

wR2 (F
2
) / R (F

2
) 0.0925 / 0.0942 

R1 (F
2
) / R1 (F

2
) 0.0355 / 0.0372 

No. of observed reflns I>2σ(I) 1540 

S 1.073 

max /min [eÅ
-3

] 0.286 / -0.190 

 

 

 

 

 

 

 

 

Table 2. Geometrical parameters for hydrogen bonds [Å,º]. 

 D-H H...A D...A <D-H…A symmetry 

N1-H1…O2 0.87(2) 1.96(2) 2.677(1) 140(2) intra 

N1-H2…O1 0.86(2) 2.12(2) 2.969(2) 170(2) 1-x, -1-y, 1-z 

O3-H3…O1 1.18(1) 1.36(1) 2.479(1) 153(3) intra 
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The X-ray data set for the title compound, (I), was measured with synchrotron radiation 
(=0.6Å) at beamline F1 (Hasylab/DESY). The data collection set of 99500 reflections was 
measured at 120K. For the data reduction the program package XDS [1] was used. The final 
spherical refinement using SHELXL97 [2] gave R = 3.51% for 4655 reflections with I>2(I). 
The title compound crystallizes in orthorhombic system, space group Pbca with Z=8.  

As shown in the Figure 1b and in Table 1, one N-H…O and one O-H…O bond are formed to 

link the molecules in dimers Moreover the packing of the molecules in the crystal lattice is 

stabilized via C-H···O hydrogen bonds (Table 1).  

    

Figure 1: (left) The molecular structure with the atom-numbering scheme; (right) dimer formed by  
N-H...O and O-H...O 

Table 1:The geometrical parameters of hydrogen bonds in the crystal structure of title compound [Å,°]. 

 symmetry D-H H...A D...A <D-H…A 

N1-H18…O5 ½-x, ½+y, z 0.84 2.42 3.193(2) 153 

O1-H19…O4 ½-x, ½+y, z 0.82 1.87 2.666(1) 163 

C4-H4…O3 ½-x, -½+y, z 0.98 2.57 3.493(1) 156 

C11-H11…O5 ½-x, ½+y, z 0.93 2.57 3.278(1) 133 

C16-H16A…O4 1-x, -y -z 0.93 2.51 3.356(1) 151 

C17-H17C…O1 ½-x, ½-y, -z 0.97 2.57 3.327(1) 135 
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Lightweight metal hydrides are considered as very interesting for mobile and stationary applications 
due to their high hydrogen capacity. Special attention has been paid to the borohydride LiBH4 since 
it offers a high theoretical gravimetric capacity (around 18.5wt%) and its reaction is reversible. 
However, it still suffers from slow kinetics and high thermodynamic stability, leading to a high 
operating temperature. Nevertheless, improvement can be achieved by coupling to a metal hydride, 
leading to the formation of a Reactive Hydride Composite (RHC)

1
. The addition of MgH2 has been 

shown to lower the overall reaction enthalpy by formation of a boride
2
 and leads to the reversible 

reaction: 2LiBH4+MgH2↔2LiH+MgB2+4H2 which releases about 10.5 wt% of hydrogen. Under 
certain experimental conditions the dehydrogenation reaction is described as a two-step reaction; 
first MgH2 desorbs and forms Mg and then LiBH4 decomposes leading to the formation of LiH and 
MgB2. The incubation period

3
 between the two steps makes the reaction very slow. However, 

kinetics can be enhanced by adding suitable additives such as metal oxides or chlorides. The 
characterization of the composite and especially a focused study on the additives appear to be a key 
point to understand the reaction mechanism. 

The organo metallic compound Ti-isopropoxide (Ti-iso.) has been shown to enhance significantly 
the reaction of the RHC

3
 2LiBH4+MgH2 and especially the LiBH4 desorption. To understand its 

influence, it is necessary to get information on the Ti chemical state and chemical environment. 
Previous work on TiCl3 additive

4
 shows the formation of TiB2. XAS spectra has been registered in 

a 4800-6000eV range and the XANES and EXAFS regions have been studied carefully. The 
experiment has been carried out with 5 mol% Ti-iso. containing materials. Samples were prepared 
by ball-milling and then partially and fully desorbed and partially and fully absorbed with a Sieverts 
type apparatus. The samples were mixed with BN, pellets have been prepared and placed between 
two Kapton foils on aluminum sample holders.  

Figure 1 shows the XANES spectra comparison of samples and Ti references. A reduction of the Ti 
species is observed after the first desorption step. The spectrum of the milled samples after milling 
is comparable to TiO2. Upon cycling the Ti species is found to be reduced to an intermediate state 
between Ti2O3 and TiB2 and remains stable upon cycling.  
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Figure 1: Ti K-edge XANES spectra 

 

A study of 10 mol% Ti-iso. samples
5
 at ESRF has been carried and similar results have been 

obtained confirming the 5 mol% Ti-iso. samples data. The study of EXAFS oscillations has shown 
that after milling the Ti species is fully oxidized as TiO2 phase. During the first desorption step, a 
mixture of Ti-oxide (Ti2O3) and TiB2 phases is formed remaining stable during further cycling 
treatments. A final mixture of 3:7 (Ti2O3:TiB2) is obtained for the 5 mol% Ti-iso. samples. 

To understand the changes after first desorption step, further experiments are necessary to find out 
for example the localization of the additive in the composite.  
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Light weight metal hydrides are favoured materials for hydrogen storage in mobile and 
stationary applications. Due to the high requirements on the materials concerning storage 
capacity, reaction thermodynamics and kinetics novel functional materials need to be 
developed. One promising new class of materials are the Reactive Hydride Composites (RHC) 
[1,2]. These systems show reduced total reaction enthalpies at high storage capacities. The 
system of e.g. 2LiH + MgB2 + 4H2↔ 2LiBH4 + MgH2 has a theoretical storage capacity of 
11.4 wt% hydrogen and an equilibrium pressure of 1bar H2 at 170°C. Another very promising 
system with respect to thermodynamics and kinetics is the composite of CaH2 + MgB2 + 
4H2↔ Ca(BH4)2 + MgH2. During the endothermic desorption reaction the exothermic 
formation of MgB2 proceeds and thereby lowers the total reaction enthalpy. The systems 
show very sluggish kinetics and can therefore only be operated at temperatures very much 
above the thermodynamic equilibrium. With cycling and suitable additives the kinetics is 
improved by an order of magnitude [3]. Characterization of these additives, their chemical 
state and distribution is the key to understanding the mechanism behind.  

Previous work on Zr-based additives as a model system has revealed the formation of ZrB2 
nanoparticles on the size scale of 1-5 nm [4]. Further experiments and calculations give strong 
hints to improved nucleation rates of MgB2 during the desorption reaction due to 
heterogeneous nucleation on the ZrB2 particles [5]. However, Zr-based additives are only 
suitable as a model system because of the still comparatively sluggish kinetics. At present, the 
highest reaction rates and highest reversibility in the Ca(BH4)2-MgH2 system are measured 
with the addition of NbF5. To investigate the chemical state of Nb in the two composites in 
the initial as well as in the cycled state XAFS measurements at the Nb-K edge were 
performed. 

In figures 1a and b, experimental results of the XANES region of the Nb K-edge at 18986 eV 
are shown. The presented curves were measured in transmission. Initially, LiH-MgB2 and 
Ca(BH4)2-MgH2 composites were obtained by high-energy ball milling. The cycled states 
were prepared in a Sieverts type apparatus. For XAFS measurements, the powders were 
mixed with cellulose and pressed into pellets of 13 mm in diameter. To avoid oxidation the 
pellets were enclosed within Kapton tape. The samples of both composites show significant 
changes already upon milling in comparison to the initially added NbF5. A large agreement in 
edge position as well as in the post edge features are observed with NbB2. This is also 
confirmend when looking at the EXAFS features in more detail, shown in figures 1c and d. 
The chemical state upon further cycling appears to be stable.  
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a) c)  

b) d)  

Fig. 1:XANES of RHC on Ca-basis a) and c) and on Li basis b) and d) with NbF5 as additive after 
initial preparation and after cycling in comparison to the initial compound. 

Further measurements to characterize the influence of fluorine containing additives, for 

example a partial substitution of the hydrogen atoms, will be performed for the Ca-based 

composites at the Ca-K edge. 
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The 3-substituted isoindolin-1-ones are the important structural units found in natural products, 

biologically active substances and synthetic intermediates [1-3]. Here, the electron density of two 

isoindol derivatives is considered: 3-hydroxy-2-phenyl-2,3-dihydro-isoindol-1-one (I) and  

5-hydroxy-6-phenyl-5,6-dihydro-pyrrolo[3,4-b]pyridin-7-one (II) (see Figure 1). 

The high-resolution synchrotron-diffraction data sets were collected at beamline F1 at Hasylab.  

The XDS [4] was used for an integration of frames and data reduction. 

Initial IAM refinements were performed with SHELXL97 [5] providing starting values for 

subsequent aspherical-atom least-squares refinements with XDLSM of XD2006 package [6]. 

Table 1 presents details about data collection and preliminary results of multipole refinement. 

   
I         II 

Figure 1: The molecular structures with the atom-numbering schemes for I and II. Displacement ellipsoids 
are drawn at the 50% probability level. 

Two analyzed molecular structures of I/II consist of isoindol-1-one/aza-isoindol-1-one moiety 

substituted by phenyl and hydroxyl groups at position 2 and 3, respectively. The geometry of two 

investigated molecules is similar but not identical. The phenyl ring and the isoindole unit are 

planar, defining a dihedral angle of 46.79(1)° and 20.01(1)° for I and II, respectively. 

The molecules are linked by intermolecular hydrogen bonds: O2-H2
...

O1 (½-x,½+y,z) and O2-

H2
...

N2(x,½-y,½+z) (see Figure 2), forming infinite chains along [010] and [001] direction, for I 

and II, respectively. The crystal packing is additionally stabilized by weak C-H
…

O and aromatic 


…
 stacking interactions. 

 

Figure 2: 

Static deformation density maps in the planes of 

intermolecular hydrogen bonds: O2-H2
...
O1(½-

x,½+y,z) and O2-H2
...
N2(x,½-y,½+z) observed in 

crystal lattices of I (left) and II (right), respectively. 

Blue/black/red contour lines for positive/ 

/zero/negative densities. Contour interval 0.05 eÅ
-3

. 
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Table 1: Data collection details and preliminary 

results of multipole refinement for I and II. 

 

 

I 

 

II 
Figure 3: 

Static deformation density maps in the isoindole 

ring for I (top) and II (bottom). Blue/black/red 

contour lines for positive/zero/negative densities. 

Contour interval 0.1 eÅ
-3

. 

 

 

Crystal data: 

(I): Orthorhombic, Pbca, a=11.827(1)Å, b=7.875(1)Å, c=23.504(1)Å, V=2189.1(3)Å
3
, Z=8, crystal: plate, 

colorless. (II): Monoclinic, P21/c, a=13.655(1)Å, b=6.253(1)Å, c=12.856(1)Å, β=107.006(2)°, 

V=1049.7(2)Å
3
, Z=4, crystal: prism, colorless. 
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 I II 

Data collection 

Temperature [K] 100 100 

Scan method   

 [Å] 0.6000 0.5000 

Measured reflections 163149 217772 

Unique reflections 13004 13740 

Rint 0.0281 0.0309 

max [] 42.99 35.55 

sin\max[Å
-1

] (d in Å) 1.136 (0.44) 1.16 (0.43) 

Completeness [%] 96.7 99.4 

Redundancy 12.5 15.8 

Multipole refinement 

All data 12686 13449 

Data included in 

refinement (Nref) 
11326 12197 

R (F) / R (F
2
) 0.0197/0.0266 0.0163/0.0223 

Rall (F) / Rall (F
2
) 0.0234/0.0268 0.0189/0.0224 

Rw (F) / Rw (F
2
) 0.0179/0.0355 0.0162/0.0322 

S 2.957 2.684 

No. of variables 491 488 

Nref/Nv 23.06 24.99 

max [eÅ
-3

] 0.225 0.243 

min [eÅ
-3

] -0.195 -0.262 
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Chemical interaction and phase relations
in the B–BN system at 5 GPa: in situ studies

V.L. Solozhenko,1 O.O. Kurakevych,1 V.Z. Turkevich 
2 and D.V. Turkevich 

2

1 LPMTM-CNRS, Université Paris Nord, 93430 Villetaneuse, France
2 Institute for Superhard Materials of the National Academy of Sciences of Ukraine, 04074 Kiev, Ukraine

Chemical interaction and phase relations in the B–BN system at high pressure and high temperature
have been studied in situ using MAX80 multianvil apparatus and energy-dispersive X-ray
diffraction with synchrotron radiation at beamline F2.1.

At 5 GPa, the disappearance of boron lines was observed at temperatures ~2100 K, which is lower
by ~300 K than the melting temperature of boron at this pressure. This fact points to the contact
interaction of boron and boron nitride that gives rise to a metastable liquid in the system according
to the B + hBN � L eutectic reaction, whose temperature at 5 GPa is 2120(20) K. On subsequent
heating up to 2200 K, the lines of B13N2 boron subnitride appear in the diffraction patterns. This
phase forms rather quickly (a considerable quantity of B13N2 was observed already in 30–45 s)
which reveals the existence of a liquid phase, from which the crystallization of B13N2 occurs. On
heating the reaction mixtures containing more than 13.3 at% N, B13N2 crystallizes from the melt of
the B–BN metastable eutectic and, as a result, the metastable liquid phase disappears.

The temperature of complete melting of B13N2 in B–BN mixtures heavily depends on the
composition. Thus, on heating the mixture containing 4 at% N ("B50N2" composition) the B13N2

lines completely disappeared already at 2310 K, which evidently corresponds to the equilibrium
eutectic melting according to the B + B13N2 � L reaction. In the sample containing 22 at% nitrogen
a drastic change in mutual intensities of B13N2 lines caused by the inferred motion of crystallites,
typical for a onset of formation of the B–BN equilibrium melt, was observed only at temperatures
of ~2600 K. All our attempts to overheat the liquid always resulted in the blowouts from high-
pressure cell, which indicates that at 2600 K either the liquidus line of B13N2 at the concentration of
22 at% N or the line of the L + BN � B13N2 peritectic equilibrium is attained.

The diffraction patterns of all quenched samples irrespective of the composition are characterized
by the presence of the lines of four phases, namely, β-B, "I-tetragonal boron", B13N2 boron
subnitride, and hBN. This is indicative of the incompleteness of reactions proceeding in a sample
on cooling and is characteristic for systems, whose phase diagrams are of peritectic type. β-B
crystallizes from the eutectic melt by the L � β-B + B13N2 reaction, while metastable "I-tetragonal
boron" evidently forms because of the stabilization of the boron tetragonal structure by nitrogen
impurities. B50N2 boron subnitride has not been revealed in any of the quenched samples, which
allows one to make a conclusion that this phase is metastable at 5 GPa.

The above described set of experimental data may be explained by the existence of the following
nonvariant equilibria in the phase diagram of the B–BN system at 5 GPa: L + BN � B13N2 of
peritectic type, according to which the melting of B13N2 boron subnitride occurs at ~2600 K;
L � β-B + B13N2 of eutectic type at ~2300 K;  and L � β-B + BN metastable eutectic, whose
temperature is 2120 K and which assures the appearance of the liquid phase, from which B13N2

crystallizes.
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X-ray absorption study of Zn-MOFs 
O.P. Tkachenko1, V.I. Isaeva1, L.M. Kustov1, W.Grünert2 

1Zelinsky Institute of Organic Chemistry, RAS, 119991 Moscow, Russia 
2Lehrstuhl Technische Chemie, Ruhr-Universität Bochum, 44780 Bochum, Germany 

Recently, an approach, which incorporates functional “cartridge molecules” that are non-covalently 
bound within MOFs has been demonstrated [1]. The goal of the present work is the purposeful 
design of the composite materials comprising MOFs and calixarenes as advanced catalytic systems. 
In our study, we compared MOF synthesized in absence (AE-5) and presence (AE-13) of 
calixarene as synthesized and after introduction of palladium. The palladium content was 3 wt-%, it 
was introduced via impregnation with Pd(OAc)2 solution in CHCl3 and reduced ex-situ in vacuum 
at 423 K as described in [2]. Transmission XAFS spectra were measured at X1 station at 80 K in 
vacuum. Data analysis was performed with the software package VIPER [3].  
Fig. 1 compares the Zn K-edge spectra of these samples with those of the ZnO reference. In 
XANES (Fig. 1a), both the shape and intensity of oscillations near the edge for all synthesized 
MOF samples are different from ZnO. However the energetic edge position is the same, i.e., zinc is 
present in the +2 oxidation state in all synthesized materials. Introduction of Pd has no impact on 
the XANES of the framework synthesized in presence of or without calixarene. 
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Fig. 1. Zn K-edge XAFS spectra (a – XANES, b – FT of EXAFS) of Zn-MOFs and ZnO 
(reference). 

The Fourier-transformed EXAFS spectra are given in Fig. 1b. As expected, the EXAFS spectra of 
the MOFs differ from that of ZnO, in particular by the very weak Zn-Zn scattering path at 2.87 Ǻ 
(uncorrected). Pd introduction caused major changes in the spectrum of AE-5, which might indicate 
partial destruction. The Zn spectra were fitted in both r- and k-spaces with a two-shell model, and 
the results are given in Table 1. For the nearest O neighbors located at 1.99-2.04 Ǻ real distances 
from the central Zn atom, coordination numbers (CN) between 3.9 and 4.6 were obtained. Next 
neighbors, at 3.16-3.21 Ǻ are Zn atoms with CN between 2.7 and 4.5. From the literature [4], it is 
known that the shortest Zn-Zn distance in two nearest Zn4O clusters of MOF-5 is ~ 3.78 Ǻ. The 
real distance between two Zn atoms in our samples is ~3.20 Ǻ, which allows to speculate about the 
presence in our samples of some Zn species and/or MOF frameworks interpenetrating each other 
like that observed in [5].  
Figure 2 the Pd-K edge XAFS of both Pd containing MOFs and reference compounds. The Pd K 
edge position (Fig. 2a) indicates that the Pd in the MOF cavities is not oxidized. The differences in 
the intensities of white lines and near-edge oscillations may be assigned to a high dispersion of Pd 
particles.  
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Table 1. Parameters of structural models derived from Zn K EXAFS spectra. 

Sample  Path r (Å) CN σ2 (10-3Å2) ΔE (eV) 
AE-5 Zn-O 2.04 ±  0.03 4.2 ±  0.4 13 ±  1 10 ±  1 
 Zn-Zn 3.21 ±  0.01 3.1 ± 0.4 14 ± 1 10 ±  1 
3%Pd/AE-5 Zn-O 1.99 ±  0.05 3.9 ±  0.4 9 ±  1 13 ±  1 
 Zn-Zn 3.21 ±  0.02 4.4 ± 0.3 11 ± 1 9 ± 1 
AE-13 Zn-O 2.02 ±  0.01 4.5 ± 0.3 13 ±  1 10 ±  1 
 Zn-Zn 3.16 ±  0.02 2.7 ± 0.4 20 ± 1 9 ±  1 
3%Pd/AE-13 Zn-O 2.02 ±  0.01 4.6 ±  0.3 14 ±  1 10 ±  1 
 Zn-Zn 3.18 ±  0.02 2.8 ± 0.4 17 ± 1 8 ±  1 
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Fig. 2. Pd K-edge XAFS spectra (a – XANES, b – FT of EXAFS) of Pd in MOF-5 

This is confirmed by the EXAFS spectra (Fig. 2b), where the intensity of the Pd-Pd scattering path 
at  2.5 Å (uncorr.) is very small. In addition, two more paths are to be seen at 1.5 and 2 Å.  Results 
of model fits with a two-shell model are compiled in Table 2. The nearest neighbors of the Pd are 
light atoms (presumably O) at 2.008-2.013 Ǻ, with CN slightly below 1. The oxygen indicates 
interaction of the nanoparticles with the matrix, but it cannot be distinguished if the oxygen is from 
the MOF or from the occluded calixarene. For the metallic Pd-Pd path, extremely small coordina-
tion numbers of 3.6 and 5.2 (at 2.74-2.76 Ǻ real distance) were obtained. According to [6], this 
corresponds to clusters of 8-12 atoms and a metal dispersion of ≥ 0.9. 

Table 2. Parameters of structural models derived from Pd K EXAFS spectra. 

Sample Path r (Å) CN σ2 x10-3 (Å2) ΔE (eV) 
3%Pd/AE-5 Pd-O 2.01 ± 0.01 0.8 ± 0.1  7 ± 1  16 ± 1 

 Pd-Pd 2.74 ± 0.02 3.6 ± 0.2 7 ± 2 22 ± 1 
3%Pd /AE-13 Pd-O 2.01 ± 0.01 0.7 ± 0.1 8 ± 1 16 ± 1  

 Pd-Pd 2.76 ± 0.01 5.2 ± 0.1 9 ± 1 2 ± 1 
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LiBH4-Ni systems 

LiBH4 is a promising hydrogen storage material due to its high hydrogen storage capacity (18 wt% [1]) 
However to desorb the hydrogen, temperatures of more than 400oC are needed which is impractical. In our 
research we combined the use of nanosized LiBH4 with the use of a Ni catalyst to decrease the desorption 
temperature.  During our experiments at Beamline C (grant number I-20080131 EC) we collected EXAFS 
data on the Ni K-edge of LiBH4-Ni supported on a carbon scaffold. Ni (5 wt%) was introduced incipient 
wetness impregnation (IWI)  [2] followed by melt infiltration of LiBH4. The samples were measured as 
prepared, in their de-hydrogenated and rehydrogenated state in order to evaluate the evolution of the local 
coordination around Ni as function of relevant treatments.  

Figure 1 shows the Fourier Transformed data of the different samples. For the Ni/C sample a Ni-Ni 
coordination (CN= 8.09) was found at 2.47 Å. The intensity of this peak decreased drastically after melt 
infiltration indicating that metallic Ni reacted with the LiBH4. The structural parameters of the different 
samples are compiled in Table 1.  

From Table 1, it can be seen that Ni is surrounded by B and Ni atoms.The Ni-Ni coordination number 
decreased after melt infiltration, which indicates that Ni reacted to the borate during melt-infiltration. 
Apparently the bond lengths were invariant with the treatments however the the coordination numbers of Ni-
B and Ni-Ni did vary. Due to the small difference in bond lengths between the diffent Ni-B phases (NiB, 
Ni2B and Ni3B) it is difficult to determine which phases were formed. However it is obvious that Ni and B 
reacted already after melt infiltrationand formed a Ni-B compound which could not be be detected by XRD 
and TEM. 

Table 1 Local structure parameters including neighbor type, interatomic distance   (R) and Debye-Waller 
factor (σ2) for Ni in the 5 wt.% on carbon and LiBH4-Ni/C system at different states. The fit is optimized 
with Δk=3-13 Å-1 and ΔR=1.2-3.0 with the k-weighting parameter of 2.  
 

k2-variance Samples Shell N Δσ2

(10-3 Å2)
R 

(Å) 
ΔE0
(ev) Abs. Img. 

5 wt.% Ni on carbon Ni-Ni 8.09 1.46 2.474 0.03 0.09 0.11 
Ni-B 4.62 1.62 2.073 10.72 Melt infiltration 
Ni-Ni 4.16 5.83 2.471 7.88 

0.06 0.28 

Ni-B 5.28 2.56 2.072 11.43 Dehydrogenated 
Ni-Ni 3.38 6.03 2.476 8.44 

0.03 0.25 

Ni-B 3.75 2.19 2.073 11.92 Rehydrogenated 
Ni-Ni 6.85 9.08 2.459 9.38 

0.08 0.28 

Mg-Ti systems 

Our EXAFS experiments at Beamline A1 (proposal number II-20090124EC) were performed on Pd capped 
Mg-Ti multilayer thin films which are interesting model systems for hydrogen storage. This system was 
chosen because Mg and Ti are immiscible in bulk materials as a result  of their positive enthalpy of mixing. 
However, during a non-equilibrium process, such as magnetron sputter deposition, they can form metastable 
alloys. The Mg-Ti-H is an interesting system for both scientific research and applications [3,4]. In a recent 
optical, electrical and structural study on co-sputtered Mg-Ti thin films, a model was proposed in which this 

-940-



metastable alloy is suggested to be composed of chemically segregated Mg and Ti domains, with a coherent 
crystal structure [5]. The aim of our EXAFS study is to investigate the local structure around Ti in Mg-Ti 
multi-layers with an identical overall composition but with different thicknesses of the individual Ti and Mg 
layers. In this way we hope to establish the critical thickness at which individual Ti layers can be discerned. 
Below this critical thickness the multilayer will develop the same disorder parameter as the co-deposited thin 
film (see below).  

 

 

 

 

 

             

          

 Figure 1 Magnitude and Imaginary part of the phase-
uncorrected Fourier transformed (FT) χ(k) for 5 wt.% 
Ni on carbon, LiBH4-Ni/C after melt infiltration, 
dehydrogenated and rehydrogenated states. 

Figure 2 Magnitude and Imaginary part of 
the phase-uncorrected Fourier transformed 
(FT) χ(k) for Mg-Ti multilayer thin films, 
together with the co-deposited Mg60Ti40 thin 
film of the as deposited state.   

 

 

From Figure 2, it can be seen that the amplitude of FT decreases when lowering the individual thickness of 
Ti and Mg. It shows that the intensity of the Ti-Ti contribution at about 2.6A decreased going from 25 to 85 
Ti layers while it did not change much going from 85 to 200 multilayer samples. The co-deposited sample 
Mg60Ti40 closely resembles the last group. From the Ti-Ti and the Ti-Mg coordination number we have been 
able to calculate the Chemical Short-Range Order (CSRO) parameter, ‘s’[6]. For a MgyTi1-y thin film: 

 

yNN
N

s
TiTiMgTi

MgTi

)(
1

−−

−

+
−=  where NTi-Mg and NTi-Ti are the coordination number of Mg and Ti, respectively. If s = 0, 

Mg and Ti are randomly distributed. When s=1, Mg and Ti are completely segregated. 

Using EXAFS, we obtained the coordination number of NTi-Mg and NTi-Ti around Ti, and thus the s value can 
be obtained. For perfect multilayer thin films, there is no Ti and Mg mixing and the s value is 1. But when 
lowering the thickness of Mg and Ti, the interface intermixing will become more important thus lowering 
the s parameter. By comparing the s values of different samples, we know at which thickness of individual 
layer of Ti and Mg, the multilayer samples obtain the same disorder as the co-deposited Mg60Ti40 samples. In 
those samples the s value has been determined to be 0.2 ~0.4 depending on the composition [6]. 
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Recently, resonance bonding was identified as the origin of the large optical contrast in phase-change 
materials [1]. Additionally, it was found that all known phase-change materials posses a small hybridi-
zation of electronic orbitals and a low ionicity [2]. These two properties allow concluding that the p-
orbitals dominate the bonding in the crystalline phase of these materials. This bonding situation im-
plies a high polarizability of the electrons, i.e. a high dynamic charge, which is another fingerprint of 
resonance bonding [3]. A model system to study the implications of resonance bonding on the electri-
cal and optical properties is the pseudo-binary system (GeTe)x-(SnTe)1-x, which is well known for its 
ferroelectric properties [4]. These properties are due to a displacive phase transition at stoichiometry-
dependent temperatures and have a significant influence on the magnitude of resonance bonding. At 
the same time, the rhombohedral distortion in GeTe reduces the dynamic charge due to localization of 
electrons and modifies the EXAFS spectra, leading to a splitting of bond lengths, which can be re-
solved only by a long data range in k space. 
 
To obtain these data, powder samples of 
amorphous material have been prepared by 
sputter deposition. All powder samples have 
been mixed with cellulose and were pressed 
to pellets (13 mm in diameter) in order to 
benefit from the higher overall detection 
efficiency in transmission mode than in fluo-
rescence mode. In order to decouple static 
from dynamic displacements it is necessary 
to cool the samples to very low temperatures. 
Therefore, a He cryostat was employed and 
the specimen were cooled to 10 K. The Sn 
and Te K-edges were measured using the Si 
(311) monochromator, while the Si (111) 
planes were employed for the Ge K-edge. 
Every absorption spectrum was recorded at 
least twice and a third scan was performed in 
case the previous two scans differed. Every 
scan was performed for about 35 min in order 
to record the EXAFS, which was above noise 
up to 20 Å-1 above the absorption edge. In 
this way we measured the absorption spectra 
at all edges of amorphous and crystalline 
samples of GeTe, Ge3Sn1Te4, Ge2Sn2Te4 and 
SnTe. 
 
Fig. 1 shows the Fourier transform of all data 
sets that were obtained for the crystalline 
phase of this pseudo-binary system. It can be 
seen that the bond length to the nearest 
neighbour atoms increases continuously with 
SnTe-content. A clear sequence of coordination shells can be seen in the GeTe and SnTe samples. 
Additionally, the rhombohedral and cubic structures of GeTe and SnTe, respectively can be seen in the 
shape of the first peak around 2.6 Å in Fig. 1. In the mixed samples, the total amplitude at the Te edge 
is significantly reduced. This is most likely due to static disorder in the crystal structure. Another indi-

 
Fig. 1: Fourier transform of EXAFS data of crystalline materials. 
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cation of disorder is the absence of peaks from higher coordination shells. A quantitative analysis has 
yet to be performed, which allows determining precise values for bond lengths and local stoichiome-
tries. 
 
During the beam time, problems with the He cryostat occurred occasionally. These problems pre-
vented the sample from cooling below room temperature and could usually be solved by heating the 
whole cryostat and the transfer line to room temperature and flushing with nitrogen. The source of the 
leak was usually at the connector of the cryostat with the transfer line. Additionally tightening the box 
nut at the transfer line entrance extended the measurement time at low temperatures until freezing 
occurred. 
 
Several other experiments have been performed during 2009 at BL CEMO, which have not been re-
ported here. These results as well as those presented above are currently being prepared for publication.  
  
GeTe amorphous crystalline 10K, 90K, 180K RT 
SnTe   crystalline 10K RT 
Sb2Te amorphous crystalline 10K RT 
Ge1Bi2Te4 amorphous crystalline 10K RT 
Ge1Sb2Te4  amorphous crystalline 10K   
Ge2Sn2Te4 amorphous crystalline 10K   
Ge3Sn1Te4 amorphous crystalline 10K   
Ge3.9Sb1.9Te7   crystalline 10K RT 
Ge1.57Sb10.43Te5   crystalline 10K   
In3Sb1Te2 amorphous crystalline 10K   
Ag5In5Sb64Te26 amorphous crystalline 10K   
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EXAFS is a strong technique to characterize supported metal nanoparticles useful e.g. in oxidation 
catalysis. Supported noble metals such as Au, Ru and Pd can serve as catalyst materials in the 
selective oxidation of alcohols in the liquid phase [1]. On the other hand, silver being catalytically 
active in many gas phase oxidations has only rarely been used. Using a special screening approach 
Ag/SiO2 together with CeO2 nanoparticles was 
found to be catalytically active in the oxidation 
of benzyl alcohol to benzaldehyde [2]. In order to 
obtain an active silver catalyst, the calcination 
temperature in air needed to be around 500 °C. In 
order to shed more light into the oxidation state 
of silver, ex situ and in situ X-ray absorption 
spectroscopy studies were performed. 

The current study was done at beamline X1 with 
a beam size of typically 10 mm × 1 mm and a 
Si(311) double crystal monochromator. The 
experiments were carried out in an in-house-built 
in situ reaction cell [3]. XANES spectra at the Ag 
K-edge were recorded to monitor changes of the 
Ag oxidation state upon calcination. XANES 
spectra were processed by energy calibration, 
background subtraction and normalization using 
the WinXAS 3.1 software[4]. EXAFS spectra 
were extracted from the XAS spectra after 
analogous treatment, deglitching and Fourier-
transformation between k = 3 A-1 and 13 A-1. 
EXAFS fitting was performed in R-space based 
on the silver lattice structure using the FEFF 7.0 
code [5]. Particle sizes were calculated from the 
fitted first shell coordination number as 
described in [6] assuming spherical particles. 

In situ XANES analysis of the calcination process 
in an open capillary showed that silver became 
reduced upon prolonged heat treatment at 500 °C 
(Figure 1). At low temperatures silver is present 
as the AgNO3 precursor used for catalyst synthesis. At temperatures close to 500 °C, an 
intermediate silver species is formed. The XANES differed from that of Ag2O but still appeared to 
be oxidized judging from the edge position. Since lower calcination temperatures afforded inactive 
catalysts, metallic silver appears to be required for catalytic activity.  

Figure 1: Calcination of 10%Ag/SiO2 in air 
followed by in situ XANES at the Ag K-edge. 

Figure 2: Ag K-edge EXAFS spectrum of fresh 
10%Ag/SiO2 (a) and silver foil (b). Inset: Fourier 
transformed EXAFS spectra of the silver catalyst 
and silver foil (dashed line). 
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Accordingly, metallic silver was also found on freshly prepared 10%Ag/SiO2 (Figure 2). 
The lower Ag-Ag backscattering amplitude seen in the FT-EXAFS spectrum of the silver catalyst 
compared to silver foil suggested an average silver particle size below 5 nm which is in strong 
contradiction to particles sizes obtained from TEM (volume weighted) and XRD (Table 1) which 
agree well. Thus, the comparably small EXAFS amplitude likely did not originate from surface 
silver atoms. Lattice disorder caused by metallic silver oxygen species might serve as an 
explanation as metallic silver is known to strongly interact with oxygen also depending on the heat 
treatment [7]. 

Table 1: Particle sizes obtained from different characterization techniques. 
Characterization technique XRD EXAFS TEM 
Particle size (nm) 29 1.5 33 
 
Investigating catalyst samples after different reactions times ex situ an increase with time was 
found which correlates with the catalyst deactivation observed in previous experiments (Figure 3). 
Thus, metallic silver oxygen species might be required for the formation of the active site. In 

addition, the instability of the species might at 
least partially account for catalyst deactivation. 
In fact, used catalyst could be partially 
reactivated by an additional calcination step. Of 
course this could also be explained by removal of 
carbon blocking the active site as often observed 
for other noble metal catalysts.  

In summary, silver catalysts interesting for the 
selective oxidation of alcohols were investigated. 
Metallic-like silver particles are required for 
obtaining good catalytic activity. Discrepancies 
in the silver particle size obtained from TEM, 
XRD and EXAFS suggest that silver-oxygen 
species are present in the investigated 
10%Ag/SiO2 catalyst and are beneficial for the 
catalytic performance.  
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Introduction  
 
Binary metal oxide catalysts supported on SBA-15 (nanostructured SiO2) constitute model systems 
which are sought to determine the role of individual transition metal oxides in selective oxidation 
catalysis. Here we present VxOy-SBA-15 [1, 2] model systems exhibiting high structural flexibility 
depending on the reaction conditions. Previous X-ray absorption spectroscopy (XAS) and (UV-Vis 
diffuse reflectance spectroscopy UV-Vis-DRS) measurements showed that the local structure of the 
vanadium species involved changes with degree of hydration [1]. Upon thermal treatment in 
oxygen it changes reversibly between a hydrated state (“V2O5”-like coordinated V centers) and a 
dehydrated state (ordered arrangement of “V2O7” dimers). However, these results only describe the 
structure present at room temperature, which may not correspond to the structure present in situ. 
Reliable structure-function relationships require a detailed knowledge on the reversible and 
dynamic behavior of the catalyst under different reaction conditions. Therefore, in situ structural 
investigations by XAS at the V K edge and UV-Vis-DRS of the effect of dehydration and re-
hydration and catalytic conditions (propene oxidation) on the local structure of vanadium oxide 
species supported on SBA-15 were performed. 
 
 
Experimental  
 
Catalysts with different V loadings (7.7, 4.1, 1.4 wt-% V) were prepared via a grafting anion 
exchange method reported by Hess et al. [2]. (NH4)6V10O28*6H2O was used as vanadium source. 
XAS measurements at the V K edge (5.465 KeV) were performed at E4 at HASYLAB (Hamburg, 
Germany) and at XAS beamline at ANKA (Karlsruhe, Germany). UV-Vis-DRS measurements 
were conducted using a JASCO V-670 spectrometer equipped with an in situ cell (Harrick). VxOy-
SBA-15 catalysts were dehydrated between 298 K and 623 K or 723 K in 20% O2, 80% He. 
Catalytic tests were performed between 298 K and 723 K (5 K/min) in 5% propene, 5% O2 in He 
atmosphere. Quantitative measurements were performed using a Varian GC system, connected to 
the in situ spectroscopic cells. 
 
 
Results and discussion 
 
In order to study the reversibility of the dehydration process of VxOy-SBA-15 catalysts re-hydration 
in steam at 298 K and dehydration using different temperatures (623/723 K) and times (30-60 min) 
were conducted. From a Principle Component Analysis of the in situ XANES spectra it can be 
concluded that the main structure transformation from square pyramidal to tetrahedral coordination 
of V took place at 400-430 K and the total structural formation was completed around 600 K. The 
rehydration of the dehydrated state at 298 K in with ~ 1.5 Vol% H2O yielded in a reversible re-
transformation into the hydrated state of VxOy-SBA-15. However, this stable hydrated state at 298 
K did not persist at higher temperatures, even in the presence of H2O (Figure 1, bottom). Therefore 
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it is concluded that the dehydrated state is present during catalytic propene oxidation which was 
confirmed by XAS measurements. Figure 1 (top) shows the in situ V K edge EXAFS spectra 
VxOy-SBA-15 at 723 K (5% propene/5% O2 in He) and 623 K (20% O2/He) after dehydration. 

     

      
Figure 1: top: V K edge FT[χ(k)k3] (k range 2.5-10.5 Å-1) at 723 K (5% propene, 5% O2 in He), bottom: in 
situ V K edge FT[χ(k)k3] (k range 2.5-9 Å-1) during thermal treatment (20 % O2/He, ~ 1.5 Vol% H2O, RT → 
723 K, 5 K/min)  
 
Conclusions 
 
The tetrahedral structure of the dehydrated state (ordered arrangement of “V2O7” dimers) persisted 
under reaction conditions and may correspond to the catalytically active phase of VxOy-SBA-15 in 
selective oxidation reactions.  

 
Acknowledgements 
 
Hamburg Synchrotron Radiation Laboratory, HASYLAB, and Karlsruhe Research Center (ANKA) 
are acknowledged for providing beamtime. We are grateful to the Deutsche 
Forschungsgemeinschaft (DFG) for financial support. 

References 
 

[1] Walter, A., Herbert, R., Hess, C., Ressler, T., Structural characterization of vanadium oxide catalysts 
supported on nanostructured silica SBA-15 using X-ray absorption spectroscopy, Chemistry Central 
Journal, (2010) 4:3 

[2] Hess, C., Hoefelmeyer, J.D., Tilley, T.D., Spectroscopic Characterization of Highly Dispersed 
Vanadia Supported on SBA-15, Journal of  Physical Chemistry B, 108 (2004) 9703-9709 

-947-



Effect of Support Material and Precursor on Structure 
Property Relationships of Various Supported MoxOy 

Oxidation Catalysts  

T. Ressler, A. Walter, J. Scholz, U. Dorn 

Institut für Chemie, TU Berlin, Sekr. C2, Straße des 17. Juni 135, 10623 Berlin, Germany 

 
Introduction  
 
Molybdenum oxides constitute active heterogeneous catalysts for the selective oxidation of light 
alkenes and alkanes with gas phase oxygen. However, reliable structure activity relationships of the 
catalytically active phase of bulk catalysts under reaction conditions remain elusive. Conversely, 
dispersed supported metal oxides simplify correlating the local structure around the metal centers 
with their catalytic performance. Distinguishing active metal centers at the surface from metal 
centers in the bulk of conventional oxide catalysts is no longer required. Moreover, supported metal 
oxides may exhibit particular metal oxide structures which are not stable and, thus, not available for 
investigations under reaction conditions. Nanostructured materials such as SiO2, MgO, or carbon 
constitute suitable support systems for oxide catalysts. Here, we present investigations of the 
structure and the catalytic performance of molybdenum oxide species supported on nanostructured 
materials using various (hetero)polyoxometallate precursors. Correlations between preparation, 
structure, and catalytic activity for selective oxidation of propene will be discussed. 
 
Experimental  
 
Nanostructured support materials (SiO2, MgO, and carbon) were prepared according to 
conventional literature procedures. Ammonium heptamolybdate (AHM) or Keggin type 
([PMo12O40]3- and [PVMo11O40]4-) heteropolyoxo molybdates (HPOM) were used as precursors and 
deposited on the support materials. Various molybdenum oxide loadings between 1 wt-% and 10 
wt-% were prepared and studied. Conventional structural and functional analyses of support 
materials and catalysts were performed by XRD, DR-UV-Vis, Raman, physisorption, and GC-MS 
measurements. Combined in situ transmission XAS-MS experiments were performed at the 
Hamburg Synchrotron Radiation Laboratory, HASYLAB. [1] 
 
Results and discussion 
 
MoOx supported on the various materials exhibited stability and catalytic properties different from 
those of binary bulk oxides. The interaction between support and molybdenum oxide stabilized 
particular structures that were highly active and selective. MoOx-SBA-15, for instance, was stable 
under reducing (propene) and oxidizing reaction conditions in the temperature range from 20 °C to 
500 °C (Figure 1). Moreover, in contrast to α-MoO3, MoOx-SBA-15 was capable of directly 
oxidizing propene to acrylic acid without additional metal sites. A similar catalytic and structural 
behaviour was obtained for Keggin type [PMo12O40]-3 species supported on nanostructured SiO2 
(Figure 2). Structural complexity of molybdenum oxides appeared sufficient to improve functional 
molybdenum sites for activation of oxygen and alkene followed by selective oxidation of the 
alkene. 
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Figure 1   (left) Mo K edge FT(χ(k)*k3) of hexagonal MoO3, α-MoO3, and hex-MoO3-SBA-15. (right) 

Evolution of FT(χ(k)*k3) measured during treatment of hex-MoO3-SBA-15 in propene and oxygen. 
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Figure 2   Evolution of Mo K edge XAFS FT(χ(k)*k3) measured during treatment of HPOM-SBA-15 in 

propene and oxygen. 
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Electrochemical flue gas purification is a method to clean different flue gasses for e.g. nitrogen oxides 
(NOX) (= DeNOx process), soot and hydrocarbons. Ce0.9Pr0.1O2 (CPO10) and Ce0.8Pr0.2O2 (CPO20) are 
possible candidates which can be used to purify flue gasses, in particular diesel exhaust gasses. To optimize 
the degree of efficiency (e.g. by varying the composition or the reaction temperature), it is important to 
understand the redox mechanisms in these systems. XANES (X-ray Absorption Near Edge Structure) 
spectroscopy can give information about the change of the oxidation states during different exposures to Air 
or NO, which helps to understand the redox process and to determine the active redox centers in the tested 
materials. In CGO the Ce as well as the Pr cations could be involved in the observed reaction with NO gas. 
Therefore, insitu-Xanes measurements in different atmospheres and at different temperatures were 
performed to investigate the oxidation states of Ce and Pr in the CGO.  
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Figure 1: Overview measurement of CGO10 at room temperature. 

A homemade flow cell was used for the in situ measurements. CGO/BN pellets were placed in a 
holder inside a glass tube with Kapton windows for the x-ray beam. The glass tube was placed 
inside a tubular furnace, which allowed the temperature to be controlled, and the sample could be 
heated up to 500 °C. The atmosphere in the glass tube could be changed between air and 1 % NO in 
Ar. As shown in the overview measurement of the CGO10 sample in figure 1, the Pr LIII and Ce LIII 
can be recorded simultaneously.  

Heating from room temperature to 500 °C in air had no effect on the oxidation state of neither the 
Ce nor the Pr in CPO10 and CPO20. No change in the oxidation state for the Ce was observed 
when varying the atmosphere between air and 1 % NO in Ar at 400 °C and 500 °C (figure 2). 
Likewise the Pr LIII edge did not shift, when changing the atmosphere at 400 °C. But at 500 °C the 
Pr LIII edge was shifted slightly to lower energies for both CPO10 and CPO20 (figure 2).This 
indicates that some of the praseodymium ions were reduced in the 1 % NO in Ar gas, changing 
their valence from +4 to +3. Based on these results, it can be assumed that CGO is redox stable in 
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air up to 500 °C. In 1 % NO at 500 °C a shift at Pr LIII edge indicates an oxidation of the NO gas 
and that the Pr ion is the active redox center in this process. Cycling experiments, in which the 
atmosphere was varied forward and backward between the two gases, showed that the process is 
reversible. 

 

Figure 2: XANES spectra of the Ce LIII. and the Pr LIII edge at 500 °C in different atmospheres  
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The present works aims at the characterization of immobilized horse heart cytochrome c 

(HHC) onto a mercaptoethylamine (MEA) modified gold electrode. The immobilization 

occurs by means of cross-linking HHC with 1-ethyl-3-(3-dimethylaminopropyl)-carbodiimide 

(EDC), after which the cross-linked HHC film is deposited onto the MEA modified gold 

surface.  MEA is used to ensure a covalent bonding between the protein and the gold surface. 

Modified electrodes, such as the one described above, can form the basis in the development 

of new kinds of biosensors or bioreactors. In previous measurements a thick layer (45 µm) of 

immobilized proteins was characterised [1].  In this work measurements were performed on 

spincoated electrodes, which results in a thinner layer of the immobilized protein on the 

electrode surface.  

The formation of the above-

mentioned films was done 

according to the following 

procedure. Gold electrodes 

(Basi) of 1.6 mm diameter were 

immersed into a water solution 

containing 5 mmol L
-1

 

mercaptoethylamine (MEA) for 

24 hours at room temperature. 

The modified gold electrodes 

were consequently rinsed with 

water to remove physically 

adsorbed MEA. 

In what follows these modified 

electrodes are denoted as 

MEAAu. To immobilize HHC 

onto MEAAu, a drop of 20 µL, 

containing 3.75 mmol L
-1

 of HHC and 0.6 mol L
-1

 EDC solution was brought onto the surface. 

The electrode was then spincoated at 3500 RPM for 5 minutes. Afterwards the electrodes 

were exposed to the air for 2 hours at room temperature. Finally, the electrodes were washed 

in a HEPES buffer solution. In what follows they are denoted as HHCEDCMEAAu. 

Micro SR-XRF measurements were performed on the above-mentioned samples at beam line 

L to provide experimental evidence of the existence of the HHC layer and to determine the 

surface concentration of the formed film. With these values an estimation of the thickness of 

the immobilised film can be made. The distribution of the iron concentration (and therefore 

also the HHC concentration) on a microscopic level was derived by recording 961 individual 

spectra (representing a 31  31 SR-XRF map), each of which corresponds to concentration 

Figure 1. Derived Fe-Kα histogram (normalized with ionisation 

chamber) and (a) typical micro-XRF map (normalized with gold-

M lines) from a 3.75 mmol L
-1

 spincoated HHC thin film. 
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values from microscopic regions on the 20 µm scale. The mappings of the performed 

measurements were normalized with the gold-M-lines which can be used as an internal 

standard. For the calculations with the fundamental parameter method and the histogram the 

measurements were normalised with the ionisation chamber. The concentrations were derived 

by using a Fe-foil of 125 µm as a standard. Figure 1 shows a histogram and a mapping 

derived from the measurements. 

Preliminary results are shown in Table 1. The surface concentration for an immobilised film 

with a HHC concentration of 3.75 mM in the droplet is approximately 7.02 nmol cm
-
². This 

value is corrected for the iron concentration on a MEAAu electrode (1.6 nmol cm
-
²) and is 

obtained with the fundamental parameter method.  Table 1 also shows the value calculated by 

means of the histogram and the heterogeneity factor δhet,r [2]. The concentrations derived with 

both techniques are more or less equal. The total set of experiments included samples with a 

HHC concentration range of 1.5 mmol L
-1

 and 3.75 mmol L
-1

. 

 

Table 1. Surface concentration values calculated from the XRF measurements and corrected 

with a measurement of a MEAAu electrode 

  

Total Fe 

intensity / 

counts s
-1

 

Surface 

concen-

tration / 

nmol cm
-2

 

 Surface 

concen-

tration / 

nmol cm
-2

 

 

Sample Mean 

(histogram) 

δhet,r  

(%)  

  

(blanc 

correction) 
 

(blanc 

correction) 
 

HHC(3.75mM)|EDC|MEA|Au 443 6.7 0.032 6.3 52 

HHC(3.75mM)|EDC|MEA|Au 421 7.3 0.036 7.3 30 

HHC(3.75mM)|EDC|MEA|Au 373 7.0 0.027 6.6 44 

 

When taking into account that a monolayer of HHC has a surface concentration of 3.37 x 10
-11

 

mol cm
-
² [3] and that HHC is a globular protein with a diameter of 2.5 nm [4], a thickness of 

approximately 500 nm can be calculated.  
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Introduction

Molybdenum oxides are active in the heterogeneously catalyzed selective oxidation of light alkenes
and alkanes. In order to investigate binary molybdenum oxides other than -MoO3 under relevant
reaction conditions, we have chosen supported molybdenum oxides. In particular nanostructured
oxide materials constitute suitable support systems for model oxide catalysts. Here, we present
investigations of the structure and the catalytic performance of molybdenum oxide species
supported on nanostructured MgO for the selective oxidation of propene.

Experimental

Nanostructured mesoporous magnesium oxide was prepared by Nanocasting [1] a structure
template consisting of carbon (CMK-3) obtained from nanostructured SiO2 (SBA-15). The
molybdenum oxide based catalysts were formed by wet impregnation of the MgO support with
ammonium heptamolybdate (AHM). Combined in situ transmission XAS-MS experiments were
performed at the Mo K edge at beamline X1 at the Hamburg Synchrotron Radiation Laboratory,
HASYLAB.

Results

The structure of mesoporous magnesium oxide corresponded to that of SBA-15. The material
possessed hexagonally ordered pore structure with a high specific surface area (between 50 and
150 m2∙g-1). XRD analysis of MgO showed a slight peak shift to higher angles and a certain peak
broadening compared to SBA-15.

The structure of the molybdenum oxide species supported on mesoporous MgO differed from that
of MoOx species supported on SBA-15. Formation of varying MoOx species may be caused by the
different surface acidity of MgO compared to SiO2. In a range from 3wt-% to 10wt-% the structure
of the MoOx species formed was largely independent of the Mo loading. DR-UV-Vis spectroscopy
of MoOx-MgO samples exhibited edge energies of relatively high values (Figure 1), indicating the
presence of isolated MoOx species on the support. The pseudo-radial distribution function of
MoOx-MgO derived from the XAS data is compared to that of MoOx-SBA-15 in Figure 2. The
FT((k)*k3) exhibited only one prominent peak, which can be ascribed to Mo-O distances in
largely tetrahedral MoO4 units. Conversely, Mo-species supported on SBA-15 clearly reveal higher
Mo-Mo distances indicative of the presence of dimers and/or extended MoxOy species.

The supported molydenum species was investigated under catalytic reaction conditions
(RT → 723 K, 5 Kpm in 5% propene, 5% O2 in He). XANES and pseudo-radial distribution
function FT((k)*k3), depicted in Figure 3, show no structural changes. Therefore, the MoO4 units
are present without previous dehydration processes and are stable at higher temperatures.
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Figure 3: Mo K edge XANES spectra (left) and pseudo-radial distribution function (right) of molybdenum
oxides supported on mesoporous MgO under catalytic reaction conditions (RT → 723 K, 5 Kpm in 5% 
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Introduction  
 
Molybdenum oxide based catalysts are active in the selective oxidation of light alkanes and 
alkenes. Addition of V or W as functional or structural promoters, respectively, is known to 
improve activity and selectivity of the resulting mixed oxide catalysts. Alternatively, modification 
of the anion lattice by incorporation of nitrogen is expected to result in novel catalytically active 
compounds. Oxygen mobility in molybdenum oxide catalysts is believed to be the key to superior 
catalytic performance. Incorporation of nitrogen permits to tailor to oxygen mobility and, thus, 
reactivity of the novel oxide nitride catalysts. 
 
 
Experimental  
 
Molybdenum oxide nitrides were prepared by reaction of α-MoO3 with gaseous ammonia at 
temperatures between 250 °C and 550 °C for reaction times of 3 – 12 h. Material characterization 
was performed by XRD (Siemens D5000), hot gas  extraction (LECO TF-EF-300), impedance 
spectroscopy, and XAS (Hasylab, Hamburg, X1). Temperatures below 350°C resulted in nitrogen 
incorporation in α-MoO3 (0.09 – 0.25 m-% N) while temperatures between 350 °C and 550°C led 
to the formation of nitrogen containing MoO2 (1.0 – 1.2 m-% N). 
 
 
Results and discussion 
 
XAS measurements of nitrogen containing α-MoO3 yielded an average oxidation state of +6. The 
local coordination of the Mo centers appeared to be slightly distorted compared to the pure oxide 
(Figure 1, Figure 2). Impedance spectroscopy showed a significant decrease of conductivity at a 
nitrogen content of 0.25 m-% N at temperatures above ~350 °C. Onset of enhanced electric 
conductivity was delayed by ~ 20 K in nitrogen containing MoO3 (Figure 3). Temperature-
programmed reduction of nitrogen containing MoO3 in propene exhibited a decreased reducibility 
and an increased onset temperature of reduction. Both agree well with the impedance spectroscopy 
results.  
Incorporation of nitrogen in α-MoO3 resulted in active selective oxidation catalysts with modified 
oxygen mobility and reactivity. Preserving the structure of α-MoO3 makes the nitrogen containing 
oxide a suitable model system for further studies on the correlation between oxygen mobility, 
structure, and catalytic performance. 
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Figure 1: Mo K edge XAS spectra and FT(χ(k)*k*3), and DR UV-Vis spectra of α-MoO3 and N-containing 

α-MoO3. 
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Figure 2: DR UV-Vis spectra of α-MoO3 and N-containing α-MoO3. 
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Figure 3: (left) Temperature dependence of electric conductivity of α-MoO3  and N-containing α-MoO3, 

respectively. (right) Temperature dependence of the average Mo valence and MS ion currents during 
propene oxidation. 
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Local structure of pulse plated Ni:Zn alloys 
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The materials in Ni-Zn system represent a model case of anomalous alloy growth [1]. The Ni:Zn 

alloys are in the interest of electrochemists due to the enhanced corrosion resistance (on the Zn rich 

end) [2] or enhanced electrocatalytic activity towards oxygen reduction (on the Ni rich end) [3]. 

The nature of the functionality improvement due to the alloying remains unknown mainly due to 

the missing information on the structure of these materials which give diffraction patterns 

conforming to amorphous materials[4]. 
 

Our experiments show that the local structure of the alloys reflects the plating conditions, namely 

the applied current density, deposition pulse time and film thickness. There are two principal 

regimes of the Ni:Zn alloy growth. In the first case the deposition process is controlled by transport 

of the Zn
2+

 to the electrode surface. In the second case it is the spontaneous dissolution of metal Zn 

which controls the alloy structure.  The formed alloys are in both cases of a multiphase character.  

  

The alloys grown in the first regime show little sensitivity of the Zn local environment to the 

deposition pulse duration. It suggests that the Zn in alloy samples is present most likely in one local 

environment regardless of the plating conditions. The Ni EXAFS shows pronounced decrease of the 

first coordination shell scattering amplitude with increasing plating pulse duration and/or film 

thickness. Such a behavior may be attributed to a disorder arising from presence of Ni in two local 

environments –one corresponding to a solid solution Ni-Zn phase (most likely of Ni0.85Zn0.15 

composition) and the other corresponding to Zn - free Ni phase. The Zn content in the solid solution 

phase slightly increases with increasing deposition pulse duration. The contribution of both phases 

changes in favor of Zn free phase as the plating time increases. This trend is accompanied with a 

slight shift of the Ni edge position by ca. 1 eV to lower energies which reflects increasing 

contribution of electrocatalytic hydrogen evolution and possible formation of corresponding 

hydride as a local inclusion. 

 

The alloys plated in the second regime seem to show negligible variation of the Ni local 

environment(s) and significant variation of the Zn local structure. Also the positions of Ni and Zn 

absorption edges show inverse tendency than in alloys plated in the first regime. The Ni edge 

position is the same regardless of the deposition conditions, while the Zn edge shifts to more 

positive values (by ca. 1 eV) with increasing pulse duration. The gathered structural data suggest a 

two phase structural model when both phases contain both Ni and Zn. One of the phases is most 

likely the stable Ni0.85Zn0.15 alloy, the other phase is rich in Zn, its composition is, however difficult 

to asses due to spottaneous dissolution of Zn. The fraction of Zn rich phase seems to increase 

decreasing pulse duration and decreasing film thickness.  

 

The successfull application of the EXAFS technique to address the mechanism of the NiZn alloy 

formation in anomalous deposition mode still needs to be complemented by systematic 

investigation of the of the alloys grown under normal deposition mode. In similar manner the local 

structures reflected in the EXAFS spectra have to be matched to the actual electrocatalytic activity 

and structural changes triggered by the electrocatalytic oxygen reduction. These questions will be 

addressed in the experiments planned for the first half of the year 2010.  
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Figure 1: k
2
 normalized EXAFS functions of the pulse plated NiZn alloys plated from sulphate 

bath in regime controlled by the Zn 
2+

 transport (left) and by Zn dissolution (right). The 
corresponding spectra were recorded in fluorescence mode and corrected for self-absorption. The 

actual plating bath compositions were 0.3M Ni
2+

 / 0.015 M of Zn
2+

 and 0.3M Ni
2+

 / 0.03 M of Zn
2+

, 
respectively. Figure legend shows plating pulse duration and alloy film thickness.  
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Study of As sorption kinetics onto a selective sorbent 
by Quick-XAFS techniques 

M. Avila, B. Guerrero and M. Valiente 

Dept. Química, Universitat Autònoma de Barcelona, 08193 Bellaterra, Spain 

Numerous remediation methodologies have been developed to remove As from drinking water 
(membranes, coagulation, anion exchange, etc.) being sorption the most commonly used due to its 
efficiency, capacity and relative low cost. Previous studies done at our group [1], showed that 
Forager Sponge (Dynaphore), an open-celled cellulose sponge which incorporates weak amine 
groups, once loaded with Fe(III) was able to effectively and selectively remove arsenic from 
polluted aqueous samples. In addition, their high porosity and flexibility (which may provide 
internal convection) can promote high rates of adsorption of ions. The As uptake mechanism and 
kinetics are expected to be strongly influenced by the type and density of available adsorption sites, 
the As and Fe oxidation state, the coordination environment of both elements and thus determine 
the feasability for an effective remediation of arsenic contaminated water.  

The quick scanning monochromator at beamline C was used to collect XANES and EXAFS data to 
characterize the sorption kinetics of As(V). The experiment was carried out at beamline C and 
consisted in the injection of Na2HAsO4·7H2O 100 ppm through a 1cm diameter column containing 
the adsorbent at a pumping speed of 20 rpm. Spectra were recorded at the As K-edge in 
transmission mode using a step width of 1 eV. 

By the results obtained showed in Figure 1, it can be stated that As was successfully adsorbed onto 
the Fe-loaded sponge after few seconds of the solution injection and by the direct comparison of 
XANES arsenic standard spectra and arsenic sorbed onto the Fe-loaded sponge, it can be stated that 
As injected was sorbed in the form of arsenate. In addition, no changes on the As structure can be 
observed as the time and concentration of arsenic in the sorbent increase. 

This work is the first time that Q-XAFS is employed to study As sorption onto this Fe-bearing 
sorbent. 

 

Figure 1: As K-edge XANES spectra for Fe-sponge at 1, 10, 20, 30 and 60 minutes. 
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Operando Study of a Noble-metal Substituted 
Perovskite during CO and Propene Oxidation 

S. Heikens1, G. C.Mondragón-Rodríguez2, B. Saruhan2, M. W. E. van den Berg1, W.Grünert1 

1 Lehrstuhl Technische Chemie, Ruhr-Universität Bochum, 44780 Bochum, Germany 
2DLR, Institut für Werkstoff-Forschung, 51147 Köln, Germany 

Noble-metal substituted perovskites have been proposed as a new class of “intelligent” three-way 
catalysts [1]. Noble-metal cations located on perovskite B sites are thought to be reduced to metal 
particles in reducing regime (rich phase) and reoxidized and re-integrated into the lattice in oxidiz-
ing regime (lean phase), which results in a stabilizing effect on particle dispersion by the strong 
interaction with the mother perovskite. It has been claimed on the basis of a DEXAFS study that 
this noble-metal redox cycle proceeds on the time-scale of the λ fluctuations in real gasoline en-
gines [2], which are in the order of 1-4 Hz. However, the unrealistic experimental conditions (step 
from inert gas to 50 % H2/He) and the observed response time of >1s in particular for reoxidation, 
cast some doubt on the simple reduction/re-integration model. We are presenting here preliminary 
work for a study aiming at a time-resolved investigation of the redox behavior of noble-metal 
perovskites under more realistic conditions.  
The perovskite employed was prepared via the citrate route, including a calcination at 700 °C to 
obtain the perovskite crystal structure [3]. Its composition was LaFe0.65Co0.3Pd0.05O3 (ca. 2 wt-% 
Pd). Pd K XANES spectra were measured in transmission at stations X and C using the Si(311) 
monochromators. A microcatalytic flow cell was employed, in which the X-ray beam proceeds 
along the axis of the catalyst bed held in a hollow screw in the middle of the reactor. The feed gas 
for CO oxidation contained  1.0 vol-% CO  and  0.5 vol-% O2  in He  (stoichiometric regime) while  
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CO oxidation. 
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Figure 2: operando-XANES taken  
at 700 K in different feeds 

lean and rich regimes were simulated by changing the oxy-
gen content to 0.55 and 0.45 vol-%. Propene oxidation 
was studied only with stoichiometric feed, which con-
tained 1000 ppm propene and 4500 ppm O2 in He. The 
feed was adapted relative to the catalyst mass employed to 
achieve a GHSV of 60000 h-1

. Conversions were calcu-
lated from effluent CO and CO2 concentrations measured 
with an IR gas analyzer. 
The activity data in Figure 1b show that the catalyst is 
competitive with commercial three-way catalysts with 
respect to CO oxidation. The lower CO end conversion in 
the rich regime is due to the excess of CO over O2. How-
ever, above 250 °C, there is a significant decrease in the 
slope of the conversion curve. Apparently, the catalyst is 
transformed into a less active state in this range. In the 
XANES series (for reference spectra see Fig. 2) it can be 
seen that the Pd oxidation state remains practically un-
changed in lean regime (Fig. 1c) whereas the Pd becomes 
reduced between 230 and 270 °C in the rich regime (Fig. 
1a). Obviously, the oxidized, probably atomically dis-
persed Pd of the perovskite surface is more active in CO 

oxidation than the reduced Pd particles, although these are certainly rather small as suggested by 
the weak excursions of the Pd(0) XANES in Fig. 1a. 
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In Figure 2, the Pd K XANES at the end temperatures are compared for different feeds. Although 
detailed analysis of the data is still ahead, a striking difference can already now be noted between 
CO and propene oxidation, both in stoichiometric feed: while the Pd became largely reduced in the 
stoichiometric CO oxidation feed, the XANES taken during propene oxidation was quite close to 
that of the initial sample, maybe with a small extent of reduction indicated by the less pronounced 
minimum around 24400 eV. Obviously, the redox potential of a feed cannot be assessed by 
comparing the oxygen and the reductant amounts present: the stoichiometric propene/O2 mixture is 
less reducing than the stoichiometric CO/O2 mixture, probably due to the water being formed in the 
oxidation. 
These results confirm the need for a study of realistic redox dynamics in three-way catalysts on the 
basis of noble-metal perovskites. The rate of the processes will depend on the driving forces 
available, i.e. the changes in the redox potential during the λ fluctuations. These redox potentials 
depend on the feed composition both in as-fed and oxidized states and on the temperature. It is not 
very likely that this has been appropriately approximated in [2]. 
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NOx storage on heteropolyacids 
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One of the most promising materials for new NOx abatement technologies like Selective NOx 
recirculation (SNR) for mobile source applications is the H3PW12O40 (HPW) heteropolyacid. 
Different heteropolyacids have been evaluated for their NOx adsorption potential under conditions 
simulating exhaust gas from an internal combustion engine. A large amount of NO and NO2 can be 
co-adsorbed and released on HPW (min. 38 mg NOx/g) in pressure swing experiments  
Desorption can be achieved by heating, cooling in a wet gas stream and by increasing the water 
content in the desorbing gas stream. No reductants are needed for regeneration of the adsorbent, 
which is interesting for the fuel economy. This, in combination with the sulphur resistance, makes 
heteropolyacids to ideal candidates for SNR. The exact adsorption site and state of the adsorbed 
NOx (N2O3, HNO2, etc.) remains unclear. 
In-house X-ray diffraction experiements on a STOE Stadi P with CuKα1 radiation in Debye-
Scherrer mode showed reproducible lattice constant decreases of the cubic structure from 12.11 Å 
to 11.65 Å upon NOx saturation. After NOx release the lattice constant is restored to 12.11 Å. 
However, the quality of the diffraction patterns does not allow adequate Rietveld refinements with 
focus on Fourier chart analyses to locate and determine the adsorbed NOx species. Therefore 
synchrotron experiments under cryostat-conditions are appropriate tools to solve this problem 
which may also be a result of thermal movement inside the crystals. Therefore ex-situ studies on the 
B2 Hasylab beamline were performed on HPW during different stages of the NOx adsorp-
tion/release cycles. The Debye-Scherrer setup of the powder diffraction beamline B2 in combin-
ation with the OBI detector and closed-cycle cryostat for cooling to 10 K was used. For these 
measurements samples were prepared shortly before traveling to Hasylab at the home laboratory. 
The quality of the obtained X-ray diffraction patterns was of much higher quality and also shows 
the already observed contraction of the unit cell upon NOx sorption. Together with neutron 
diffraction experiments performed at ILL/Grenoble this allows us to determine the exact state of 
adsorbed NOx molecules on the HPW heteropolyacid by Rietveld refinement. However the 
investigation of the data is still ongoing, moreover our proposed NOx adsorption site will be 
confirmed via in-situ XRD measurements planned at Hasylab/Hamburg. 
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Time dependent investigation of the Sonogashira cross-coupling 

Benjamin Marchetti1, Matthias Bauer1 and Helmut Bertagnolli1 
1Institute of Phys. Chem., University of Stuttgart, Pfaffenwaldring 55, 70569 Stuttgart, Germany 

 

In our previous report [1] we presented an investigation of the intermediates of the Sonogashira cross-

coupling, which is a copper-cocatalyzed cross-coupling reaction of alkines (sp-carbons) to alkene- or 

aromatic- halides (sp2-carbons), with EXAFS and UV-Vis Spectroscopy. The structure of the palladium(0)-

species formed after the activation of the Pd(II) pre-catalyst as well as the structure formed after the 

oxidative addition of the arylbromid (see figure 1) could be determined with EXAFS spectroscopy [1]. This 

could be achieved by applying special conditions (e.g. large excess of the oxidizing agent). As the reaction 

rate of the individual reaction steps are also of interest, we investigated selected steps of the catalytic cycle 

with Quick-EXAFS (QEXAFS) spectroscopy using a setup for in-situ measurements developed in our group 

[2]. This setup allows the simultaneous measurement of QEXAFS, UV-Vis and Raman spectroscopy. The 

reaction mixture is pumped through the EXAFS/UV-Vis and the Raman cell and the reactants are added to 

the solution with a syringe pump in order to start the reaction step of interest. 
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Figure 1  Structural models presented in our last report. 
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Figure 2  Three and two dimensional time dependent Q-EXAFS measurements t the Pd-K edge  of the 
 activation step of the palladium(II) pre-catalyst, going from black to light red. 
 

Figure 2 shows the time dependent QEXAFS measurements at the Pd-K edge recorded in course of the 

activation process of a 0.03M Pd(II) pre-catalyst solution with Cu(I)-phenylacetylide, which was generated 

in–situ by the reaction of 0.06 mmol CuI and 1 mmol Phenylacetylene in 1 ml of Triethylamine. After the 

addition of the transmetallation species Cu(I)-phenylacetylide (400 s in figure 2) , the white line intensity 
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decreases and the slope of the edge changes, indicating a reduction of palladium. The reduction process is 

finished within 300 seconds after the addition. The corresponding structural models were presented in our 

previous report [1]. 

               
Time dependent investigation of the reaction due to the addition of Bromacetophenon 

After the addition of 1 mmol of Bromacetophenone to the 0.03M activated catalyst solution, it is obvious 

that the XANES spectra remain nearly unchanged (cf. figure 3). It can therefore be concluded that the 

oxidized Pd(II)-species is present below the detection limit and the activated Pd(0)-species is the main 

component in the reaction mixture. After completion of the reaction, EXAFS measurements of the solution 

were carried out, in order to obtain structural information about the final palladium compound. The best fit 

was obtained with a phosphorous shell at 2.289 ± 0.002Å with 1.7 ± 0.17 backscatterers and an additional 

palladium shell at 2.727 ± 0.003Å with 1.0 ± 0.1 backscatterers. The palladium shell could be attributed to 

the formation of palladium nanoparticles and the phosphorous shell to the linear coordination activated Pd(0) 

species (cf. figure 1). The catalytically active species could be either the formed nanoparticles or the 

oxidized palladium(II)-species which is below the detection limit.  
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Figure 3  Left: XANES spectra taken during the reaction of Phenylacetylene with Bromacetophenone 

Right: Time dependent Raman spectra showing the evolution of the C≡C vibration of 
Phenylacetylene and the product of the reaction (C≡C shifts to higher 2218 cm-1), going from 
black to light red  

 
In order to check the catalytic activity the reduction of the C≡C vibration intensity of the educt 

phenylacetylene at 2108 cm-1 and the corresponding increase of the vibrational mode of the product at 2218 

cm-1 was followed by Raman spectroscopy. It can be clearly seen, that the product formation rate is constant 

over the complete reaction time. Although no Pd(II), which is postulated as intermediate species, is visible, 

systematic errors in performing the experiment can thus be excluded since product is formed. Nevertheless, 

detailed data evaluation and interpretation, which are in progress, are required in order to elucidate the role 

of the formed particles in the catalytic cycle.           

[1] Multi dimensional investigations of the Sonogashira cross-coupling. ID 20080073 

[2] Bauer M, Heusel G., Mangold S., Bertagnolli H., J. Synchrotron Rad. (2010). 17, 273–279 
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XUV two-pulse correlation of the desorption of ionic 
species from ice with FLASH pulses 

B. Siemer, R. Frigge, T. Hoger, S. Roling, M. Wöstmann, R. Mitzner1, S. Düsterer2 and                

H. Zacharias 

Physikalisches Institut, Westfälische Wilhelms-Universität, Wilhelm Klemm Str. 10, 48149 Münster, Germany 

1HZB, Albert Einstein Str. 15, 14109 Berlin, Germany 

2DESY, Notkestrasse. 85, 22603 Hamburg, Germany 

The interaction of high-energy photons in the soft x-ray regime with surface systems may lead to 
new and unexpected results due to the large number of accessible product states. In the past this 
photon energy regime has mainly been investigated using synchrotron radiation sources. The 
development of the Free Electron Laser at Hamburg (FLASH) now opens a new area in this spectral 
range. It provides pulsed radiation in the photon energy range from 20 to 200 eV, with a pulse 
energy in the tens of microjoule regime, and a pulse duration of ~ 30 fs [1 - 3]. 

The chemistry of hydrogen on graphitic and ice surfaces is of central importance for the generation 
of molecular hydrogen and hydrogen containing molecules in interstellar molecular clouds. In the 
dilute regions of these clouds the interaction of the surfaces with the light from new-born hot stars 
is of great importance. The interaction of the soft x-ray radiation with the ice surfaces is possibly a 
source of larger hydrocarbon molecules. Due to the lack of soft x-ray source only a few studies at 
high photon energies have been devoted to investigate this process[4,5]. 

In first experiments in 2005 we observed different ionic species directly formed by the FEL 
radiation on the surface and directly emitted from the ice surface adsorbed on graphite at cryogenic 
temperatures. Kinetic energies of desorbing H+, O+ and O2

+ of 1.8 eV, 559 meV and 390 meV, 
respectively were observed. Additionally, we determined the desorption yield of H+, O+, and O+

2. 
For H+ and O+ a linear desorption yield is observed. Surprisingly the desorption yield for the ionic 
molecular oxygen is highly nonlinear, see Figure 1 [6].  

 

Figure 1:  Desorption yield of H+ and O+ at 38 eV with a H2O covered surface. The presented data for the 
O+

2 desorption yield were measured for a D2O covered surface and with a photon energy of 58 eV. Similar 
measurements on H2O ice and energies of 38 eV also show a nonlinear yield with n ~ 3, but occasionally 

even up to n ~ 10 [6]. 

The nonlinear behaviour of desorbing molecular oxygen ions opens the way to nonlinear correlation 
measurements with an autocorrelator [7] using two FEL pulses synchronized on a femtosecond time 
scale. Highly oriented pyrolytic graphite (HOPG) surfaces covered with D2O (~300 ML) serve as 
analoga for ice-covered interstellar dust particles. The graphite sample is mounted in UHV and 
cooled to 95 K. The UHV chamber was placed behind the beam splitter and delay unit at BL 3. It 
provides two beams delayed in time and overlapped in space. The focus was produced by a toroidal 
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mirror and had an ellipsional spotsize of 50 x 130 µm on the surface, due to an incident angle of 
67.5° to the surface normal. The surface is irradiated with FLASH pulses and desorbing products 
are analyzed with a time-of-flight mass spectrometer. FLASH operated at hν = 38.8 eV with an 
average pulse energy of about 10 ± 4 µJ. The pulse duration was about 30 fs and the FEL repetition 
rate 5 Hz. For different time delays the signal of the desorbing ions is recorded.  

Figure 2: First time resolved desorption experiment with soft x-ray radiation at 32 nm (38 eV).   

In figure 2 the dots show the signal of the desorbing ionic oxygen molecules as a function of delay 
time between the pump and the probe beam. Thereby the data represents the averaged data of 
several delay runs with 500 FLASH pulses per adjusted delay time. The continuous curve represents 
an preliminary estimate asymmetric Gaussian. The asymmetric Gaussian was fitted with two 
different parameter. For the rising edge a time constant of τg1 = 370 fs and for the falling slope a 
time constant of τg2 = 2 ps is used.  

Due to the ~300 ML thick ice layer the FLASH pulses do not penetrate the graphite substrate. 
Therefor the reaction process occurs in the ice surface. The steep increasing edge points to an 
electronic processes initiating the reaction. The long decay time of the O2

+ - signal suggests a 
motion of molecular constituents during the reaction.  
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Many borates are interesting materials due to their unique physical properties, like glass-forming 
ability, non-linear optical properties, ionic conductivity, fluorescence or luminescence. Rare-earth 
orthoborates for instance are good candidates for laser applications and have been subject to 
numerous investigations. Because of their huge structural complexity, many aspects of borate 
crystallography remain to be unanswered. We addressed some of them in this study.  

The whole series of rare earth borates LnBO3 (Ln = Y, La, Nd, Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm, 
and Lu) has been synthesised in form of highly crystalline powders. These compounds were  
structurally characterized by Rietveld refinements based on lab X-ray data. Two of these borates, 
DyBO3 and GdBO3, were further investigated using synchrotron data, which was collected to allow 
for answering of open questions of the study (beamline B2, λ = 0.527076 Å, Ge(111) double 
monochromator, Ge(111) analyser, NaI scintillation counter at room temperature) [1]. The analysis of the 
high-resolution synchrotron data confirmed earlier findings.  

CsLiB6O10 [2, 3] is known for non-linear optical (NLO) properties (e.g. [4]) and ionic conductivity 
[5]. Application under normal conditions is hindered by surface hydration [6-8]. We collected high-
resolution powder data at room temperature, 300 °C and 600 °C, in order to further understand 
structural details and changes with temperature (beamline B2, λ = 0.527076 Å, Ge(111) double 
monochromator, Ge(111) analyser, NaI scintillation counter at room temperature and image-plate 
(OBI) detector at 300 and 600 oC, capillary). The crystal structure was Rietveld refined (example in 
Fig. 1) for all three data sets, based on the structural description in literature [2]. At room 
temperature, we observed a high asymmetry of peaks, which we assign to a slight degradation of the 
sample due to hydration. The high-temperature measurements showed that CsLiB6O10 is stable until 
600 °C, and that the cell parameters expand anisotropically with temperature. These observations 
are part of an ongoing study. 
 

 

Figure 1: Rietveld refinement of the high-temperature (600°C) diffraction pattern of CsLiB6O10. 
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In situ and operando spectroscopy for characterizing heterogeneous catalysts under operative 
conditions is an important topic to understand catalytic structure and its activity relationships. 
Based on this knowledge, catalyst development can be undertaken for a desired catalytic process. In 
an effort to study the structure activity relationship under genuine reaction conditions, unlike under 
similar conditions reported mostly, operando XANES measurements were performed during the 
reaction in a lab scale fixed bed reactor (dimensions: 2 cm diameter and 45 cm length) connected to 
a mass spectrometer (Balzers, Omnistar) at the beam line X1 of HASYLAB (Fig. 1). 
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Figure 1:  Images of the operando setup comprising of the lab scale fixed bed reactor connected to MS at 
beam line X1. 

 
The oxidation of methane to CO2 and H2O in a wide temperature range is a topic of great interest in 
environmental catalysis to diminish its impact on the global warming [1]. Pd based catalysts are 
most effective for this reaction [2]. However, the intriguing behaviour of Pd is not yet completely 
understood and still a subject of debate [1-4]. In situ spectroscopic studies on the behaviour of Pd 
during the reaction are scarce and are limited to low temperatures where the behaviour of Pd cannot 
be completely understood [3, 4]. Therefore, oxidation of methane over 2 wt.% Pd/Al2O3 (similar 
loading to the commercial catalysts) is studied as a test reaction using the setup of Fig. 1. Spectra 
were obtained at the Pd K-edge (24.35 keV) in the transmission mode. X-ray absorption near edge 
structure (XANES) spectra were recorded to study the behaviour of Pd between 100°C and 850°C 
during the oxidation of methane while analysing the catalytic performance simultaneously by a 
mass spectrometer (MS, Fig. 1). 
As an example, here we show the methane oxidation profiles over Pd/Al2O3 hydrothermally aged at 
1000°C obtained by MS simultaneously with the operando XANES (Fig. 2). During heating (Fig. 
2(a)), complete methane conversion is achieved at around 500°C. The conversion remains 100% 
even up to ca. 850°C. During cooling, conversion remains 100% up to 750°C (Fig. 2(a)). Then a 
significant loss in the oxidation activity is observed between 750°C and 500°C with a maximum 
loss of methane conversion of ca. 30% at 640°C. A significant increase in the oxidation activity is 
observed below 450°C. During cooling, a 50% conversion (T50) is achieved at a temperature ca. 
70°C lower than that achieved during heating. 
From the corresponding operando XANES spectra (Fig. 2(b)), it is evident that the state of Pd did 
not change up to 720°C and Pd is still in the oxidized state (PdO). Above this temperature, 
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reduction of Pd oxide is observed as evidenced by a significant decrease in the edge intensity and 
emergence of a well-defined peak at 24.389 keV. The spectrum resembles the spectrum of the 
reference Pd foil. 
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Figure 2: (a) Methane oxidation activity (MS data) and (b) simultaneous XANES spectra collected during 

heating (red) and cooling (blue) for 2 wt.% Pd/Al2O3 aged at 1000°C. The black trace in (a) is the activity of 
fresh 2 wt.% Pd/Al2O3. Conditions: 1 vol% CH4-4 vol% O2-He, 800 ml/min, 800 mg catalyst. 

 
By comparing the spectral changes during heating and cooling, it is evident that in the latter 
reduced Pd re-oxidizes only below 500°C whereas in the former Pd oxide is present up to 720°C. 
During cooling, the presence of reduced Pd in the catalyst is evident from the spectra taken 
between 720°C and 420°C, the region where the activity loss was observed. This reveals the 
inferior performance of reduced Pd at these temperatures and suggests that metallic Pd plays an 
important role in the reaction only at high temperature. Below 500°C, Pd is partially re-oxidized as 
deduced from the changing whiteline in the XANES spectra and the catalyst again exhibits 100% 
methane conversion. These results indicate that Pd oxide is essential for the reaction below 650°C. 
Comparison with the fresh Pd/Al2O3 catalyst, exhibiting complete restoration of the initial 
oxidation state of Pd after the whole reaction cycle, reveals that the partially re-oxidized Pd is 
responsible for the increased T50 and that hydrothermal aging causes modification of the red-ox 
properties of the precious metal. 
Beside the oxidation state of Pd as determined in this study, other factors such as Pd dispersion are 
also crucial in determining the catalytic activity demonstrated by the two samples (Fig. 2(a)). 
Information on the influence of dispersion on activity is currently under investigation using HR-
TEM and EXAFS of samples prior to and after reaction. 
Further work will be undertaken at beamline X1 to investigate the effect of other pollutants (CO, 
NOx) on the activity of these and more complex (Pd/Al2O3-Ce1-xZrxO2) catalysts. 
We thank the team at beamline X1 at HASYLAB for their help during our measurement 
campaigns.  
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Figure 1. Wheat (Triticum aestivum) 
hydroponic experimental setup. 

Selenium speciation in wheat tissues by XAS 

B. Guerrero1, M. Llugany2,O. Palacios1 and M. Valiente1 

1Chemistry Department, Universitat Autònoma de Barcelona, 08193 Bellaterra (Barcelona), Spain 

 2Plant Physiology Laboratory, Universitat Autònoma de Barcelona, 08193 Bellaterra (Barcelona), Spain 

It is known that selenium (Se) intake can benefit human health, in particular cardiovascular diseases 
and some carcinogenic processes. Such benefits concern with the ingested chemical species of Se. 
The narrow margin between toxicity, essentiality and deficiency grows up the interest on Se 
because of both health and environmental impacts [1, 2]. 

In this work we carried out a hydroponic culture enriching 
wheat (Triticum Aestivum) with Se supplied in the form of 
sodium selenate (Na2SeO4) or sodium selenite (Na2SeO3) in 
order to study the differences in Se bioavailability and toxicity 
depending on Se speciation (Figure 1). In addition, we studied 
the interaction of mixing both species in the enrichment process. 
The main objective of this study at HASYLAB synchrotron 
facility is to distinguish between the different Se species that 
can be found in Se enriched wheat, in particular in different 
parts of plant (roots and shoots), in order to through light on the 
bioassimilation process of Se. To achieve this objective we 
applied synchrotron radiation techniques at HASYLAB based 
on X-Ray Absorption Near Edge Structure (XANES). 

The wheat hydroponic culture consisted on the next steps: seeds 
germination, transference of seeds to 1L vessels containing 0.5 
strength Hoagland’s nutrient solution, growth during one week 

and exposition to 5 days-long different Se enrichment treatments. The enrichment treatments were 
done adding a concentration of 10µM Se to the nutrient solution cultures in the form of sodium 
selenite (Na2SeO3) or sodium selenate (Na2SeO4). Additionally, the same concentration was 
reached by mixing both Se species at equal quantities. Then, plants were harvested, washed with 
water, divided into roots and shoots and lyophilized. Finally, samples were homogenised in a 
mortar and converted into pellets by hydraulic pressure to be analysed at the experimental station of 
the synchrotron facility. 

XANES analyses were performed at bending magnet beamline C. The photon absorption of Se was 
recorded at the edge energy for its K line at 12658eV, and its Kα1 11224eV and Kα2 12497eV 
fluorescent line intensities were measured in fluorescence mode. The selection of the detection 
mode depends upon the sample concentration and the matrix background [3]. Therefore, pure 
reference compounds were analysed in transmittance mode, while fluorescence detection mode was 
used for the analysis of unknown samples. Speciation data were obtained by comparing the spectra 
from pure compounds, including Na2SeO3 and Na2SeO4 as inorganic Se compounds, whilst 
Selenomethyl-SelenoCysteine (SeMeSeCys), Selenomethionine (SeMet) and Selenocystine (SeCy) 
were chosen as organic selenoaminoacids. It is noteworthy that reference compounds pellets were 
prepared following two different methods: in one hand, pellets diluted with polyethylene and, on the 
other hand, mixing an aqueous solution of the reference with cellulose and preparing the pellet after 
drying. Less noisy data was obtained with the second method, especially for the organic 
selenoaminoacids, therefore the reference compounds spectra made with cellulose were used for the 
data analysis. Additionally, synthetic samples prepared with known amounts of Se reference 
compounds were analysed in order to validate the data treatment.  

XANES spectra were processed by using XANES dactyloscope data analysis software package [4]. 
It is worth mentioning that the sensitivity of the beamline C allowed us to analyse low Se levels, 
since previous results showed that total Se concentration, determined by ICP-MS after microwave 
acid digestion, ranges from 1 to 100ppm in wheat samples depending on the part of the plant and 
the Se enrichment treatment. 
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Results obtained for the analysis of Se reference compounds dilluted in cellulose and for wheat 
samples are presented in Figures 2 and 3, respectively. As expected for references, a shift position 
of the edge features to higher energies as Se becomes more oxidized. In the case of samples, 
obtained spectra shows qualitative differences between the different parts of the plant and the 
different Se enrichment treatments. We can see the same speciation distribution in both parts of 
wheat for 10µM SeO3

2- and SeO4
2- individual treatments. However, for the mixture treatment 

different spectra were obtained for roots and shoots, probably due to a different bioassimilation 
process in comparison with enrichments with Na2SeO3 or Na2SeO4 separately. 

 
 
Nowadays, we are studying Se speciation in wheat samples quantitatively by first applying a PCA 
algorithm to determine the minimum number and type of probable components [5]. Then, a linear 
combination fit will be carried out to study the contribution of each Se reference specie. This data 
treatment procedure will be validated by the spectra data analysis of synthetic samples. 
 
To conclude, we should mention that XANES was succesfully applied as a method to better 
understand the influence of Se speciation modification in plants, specially to determine Se 
speciation in our samples. 
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Figure 2. Se XANES spectra for 
reference compounds. 
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B. Voss, A. Puig-Molina, P. Beato, F. Morales-Cano, J.-D. Grunwaldt1 

Haldor Topsøe A/S, Nymøllevej 55, DK-2800 Kgs. Lyngby, Denmark 

1Department of‘Chemical and Biochemical Engineering, Technical University of Denmark, Søltofts Plads, Bygning 229, 

2800 Kgs. Lyngby, Denmark 

This report illustrates the behaviour of Cu during the stages of reduction with ethanol on a 
CuO/Al2O3 catalyst with a low Cu loading (2.5wt%). Through in situ experiments carried out at 
beamline X1 at HASYLAB it was found that the Cu reduces via its oxidation state (I) in ethanol 
similarly to reduction in hydrogen (3% H2/N2), and that very small Cu particles were obtained on 
the alumina surface.  

Introduction 

The objective of this study is to investigate the reduction of CuO/Al2O3 catalysts with the reducing 
agents ethanol and hydrogen. The CuO/Al2O3 catalyst system has found a wide use. For example, 
low loaded CuO/Al2O3 catalysts have been found useful in automotives for the reduction of NO to 
N2 in the presence of oxygen [1], due to its preferential Cu(I) state when exposed to reducing 
conditions. However the complete reduction of Cu to its metallic state deactivates the NO 
decomposition over the Cu catalyst. Furthermore, the selective catalytic reduction of NO with a 
reducing agent already present in the exhaust appears advantageous. Considering the potential use 
of ethanol as an environmentally benign fuel for lean-burn gasoline engines, this makes ethanol an 
attractive reducing agent candidate for the reduction of NO. In addition, CuO/Al2O3 has been 
investigated for its use as an ethanol reforming catalyst for the production of hydrogen [2]. 

Therefore it is important to investigate whether the oxidation state, the structure of the reduced Cu 
species, and the degree of dispersion of the metallic Cu particles are affected by the reaction 
medium chosen, e.g. hydrogen or ethanol. It is also known that converting CuO/Al2O3 to Cu(II) 
spinel CuAl2O4 before reduction may enhance the dispersion of Cu on the alumina surface.  

Experimental 

The reduction experiments were conducted in situ at the X1 station at HASYLAB in a tailor-made 
reactor set-up with a gas feeding system providing nitrogen or 3%H2/N2 gas. Ethanol was 
introduced via a high precision Isco syringe pump, evaporated and mixed with nitrogen carrier gas. 
50 mg of crushed 2.5wt% Cu/alumina sample in the 100-150 micron sieved fraction was used in the 
experiments. The catalyst was reduced in ethanol and in 3%H2/N2, respectively. EXAFS and 
QEXAFS around the Cu K-edge were recorded at RT before and after reaction and during heating  
to 380°C (ramp rate: 5°C/min). EXAFS spectra were also acquired after exposure to ethanol/water 
at 300°C. 

Results and Discussion 

The XANES spectra of the fresh sample shows the presence of Cu as Cu(II). The lack of a shoulder 
on the rising absorption edge points to a spinel structure (see figure 1). The detailed EXAFS 
analysis confirmed the formation of a CuAl2O4 spinel. 

The XANES spectra (see figure 2) show that Cu(II) reduces to Cu(0) via Cu(I) when reduced in 
either hydrogen or ethanol as shown by the typical Cu(I) feature in the rising edge of the XANES 
spectra collected at 220°C. 

By means of the Cu-Cu coordination number (6.9-8.2) it can be estimated that the average size of 
the Cu particles in the samples after operating conditions is about 10-16Å, with a tendency of larger 
Cu particles in the sample reduced with ethanol. Note however that a small contribution of a Cu-O 
shell is also observed in the Fourier transformed EXAFS spectra with a Cu-O bond distance of 
1.96-1.98Å. This could be due to the presence of unreduced Cu (I), a Cu support interaction or a 
thin oxygen layer covering the Cu particles. 
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Figure 1.The XANES spectra indicate that the Cu in the 2.5% Cu/Al2O3 is most likely in a spinel structure. 

 

 

Figure 2. Left: reduction in hydrogen. Right: Reduction in ethanol. The Cu(II) reduces to Cu(0) via Cu(I) 
indicated by the spectra recorded at 220°C. 

It seems that the CuO/Al2O3 catalyst may be reduced as gently in ethanol as it is reduced in 
hydrogen. It is therefore also assumed that ethanol may be used as a reducing agent over a low 
loaded CuO/Al2O3 catalyst in the reduction of NO. Similarly it is found that ethanol may be applied 
as reducing agent as an alternative to hydrogen for CuO/Al2O3 catalysts used for steam reforming of 
ethanol. 
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EXAFS Studies on Cation Location in Bimetallic 
Ag-Zn-LTA and Ag-Tl-LTA Zeolites

J. Michalik, W. Starosta, J. Turek, M. Sterniczuk

Institute of Nuclear Chemistry and Technology, Dorodna 16, 03-195 Warsaw

We have  extended  our  studies  on  location  of  silver  cations  in  LTA zeolite  cavities  and 
molecular forms of silver clusters to bimetallic silver-zinc-LTA – (Ag1-Zn1-LTA, Ag3-Zn3-
LTA, Ag6-Zn3-LTA) and silver–thallium LTA (Ag10-Tl2-LTA, Ag6-Tl6-LTA) zeolites.  

The LTA zeolites in sodium form were ion-exchanged in water solution of suitable cations. 
Different samples were prepared – degassed, dehydrated and γ  irradiated. The dehydration of 
samples was carried out in vacuum in the temperature range from 1200C  to 1400C. Then, 
samples were oxygenated with O2 under pressure of 0,3 atm at 1200C. Finally the samples 
have been sealed off in quartz tubes and part of them was irradiated in a 60Co source at room 
temperature. The samples were transported to EXAFS beamline C at HASYLAB and opened 
in a glove box in argon atmosphere just prior to measurement. EXAFS measurements have 
been conducted on silver K edge for all samples and on zinc K edge for zinc containing LTA 
zeolite samples.

In Fourier transformed EXAFS spectra  shown in Fig.1 two distinct coordination spheres are 
clearly seen around silver or zinc absorbing atoms. Unfortunately, quantitative elaboration of 
these spectra it is not easy, since it is necessary to take into account a variety of possible 
atomic  configurations  around  absorber  and  overlapping  contribution  of  scattering  from 
different kind of atoms situated at  similar  distances.  In  order to get  deeper view into the 
problem, the modelling of EXAFS spectra with ARTEMIS package (Feff6.1 code) has been 
performed for a number of atomic configuration taken from crystal data reported in literature 
[1-5] and from own results of  ab initio modelling of zeolite structure using CRYSTAL06 
package. The results of this modelling for silver at D6R window, silver at D8R window, silver 
octahedral cluster, silver (Ag8+)(Ag6) cluster, silver and water cluster in sodalite cavity are 
shown on Fig  2.  All  scattering  paths   contributed  more  than  10%  from atoms lying at 
distances up to 3.2 Å from the central scattering atom have been allowed for in calculations.

Up to now, the results of fitting experimental spectra using models presented above are not 
fully satisfactory.  But some trends are observed. In the case of dehydrated Ag12-LTA zeolite 
the best fit has been obtained taking into account two configurations - silver lying at D6R 
window and silver octahedral cluster in sodalite cavity. Similarly, in the case of Ag-Zn-LTA 
zeolites the preference for zinc atom to locate near D6R window inside the sodalite cavity  is 
observed. However, in order to resolve strong correlations between structural parameters a 
more  accurate  model  is  necessary  which  will  account  for  the  structure  of  the  second 
coordination sphere, the interatomic distances and the kind of atoms. In particular, possibility 
to differentiate between light and heavy atoms is of primary importance for identification of 
silver clustering. As it was shown in [6], such possibility offers the wavelet  transform of 
EXAFS spectra.  However, due to the limitations [6,7] of usually used Morlet wavelet, it is 
expected that when a wavelet similar to the shape of the scattering path is used, better results 
will be obtained. Such possibility is now actively studied.  In order to get better understanding 
of  labile  cations  behaviour  inside   zeolites  cavities  and  to  identify  possible  atomic 
configurations, ab initio calculation using CRYSTAL06 and GAUSSIAN packages have been 
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started. We expect that combining of these methods will make it possible to elaborate a final 
model of the structure and to evaluate its parameters.  

Figure 1:  Fourier transformed spectra for:  AgTl-LTA (upper left) , Ag-Zn-LTA (upper right) on silver K-edge 
and for Ag-Zn-LTA on zinc K-edge (down).

Figure 2: FT spectra for selected atomic configurations in Ag-LTA zeolite.
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Charges coming from thermal cracking processes in the petrochemical refineries contain 
polyunsaturated hydrocarbon chains that are a nuisance for the quality of gasoline feedstocks. 
Alumina supported monometallic nickel catalysts are commonly used for the hydrogenation of 
these compounds. These catalysts are partially deactivated by the addition of sulphided molecules in 
order to avoid the hydrogenation of aromatic rings or the complete hydrogenation of the 
hydrocarbon chains. The stability and reproducibility of results by this method is not easily 
controlled at the industrial scale. Therefore,  in this work we explore the properties in selective 
styrene hydrogenation of well defined bimetallic Ni-X/Al2O3 catalysts (see figure 1), prepared by 
the SOMC/M route (Surface OrganoMetallic Chemistry on Metals) [1]. Dopants have been selected 
according to their electronegativity in order to influence the electronic properties of the active 
phase: Zr is an electron donor towards Ni, Au an electron attractor and Sn neutral. EXAFS 
measurements for each one of the metals present in theses catalysts provided for information about 
the local structure of the catalysts active phase. 

EXAFS measurements showed that Zr is not directly linked to Ni in Ni-Zr/Al2O3 catalysts prepared 
by the SOMC/M route and that Sn and Au combined with Ni to form supported alloys. Sn and Au 
are in the first coordination shell of Ni as we found 8 Ni neighbours around Sn at 2.61 Å 
(measurements at the Sn K-edge) and simultaneous Au-Ni contributions at 2.59 Å (Au LIII and Ni 
K-edges). Besides, tests performed in the laboratory showed that Ni-Sn catalysts are as selective as 
a conventional monometallic Ni catalyst towards styrene hydrogenation. However, Ni-Au catalysts 
are more selective. Therefore, we can conclude that the increase in the selectivity of the latter 
catalyst is due to a combined effect between the electronwithdrawing properties of Au dopants and 
the geometry of supported Ni-Au alloys as the presence of Au in the vicinity of Ni is suspected to 
hinder the adsorption of the aromatic ring. 

 

r1 r2

 

Figure 1: Selective hydrogenation of styrene. Catalysts are considered to be selective when the rate of the 
benzene ring hydrogenation is slower than the hydrogenation of the C=C bond (r2<r1). 
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Typical methodologies for preparing supported metal nanoparticles gives rise to a range of particle 
sizes. The presence of both small and large particles complicates an accurate structure function 
determination, as the characteristic effects of both cannot be separated. In this study a surface 
organometallic chemistry route [1] has been exploited to graft Ru(cod)(cot) to the surface of a silica 
support, in this instance two types of SBA comprising surfaces of [(≡SiO)SiMe2H] and [≡ 
(SiO)3SiH] were used. The subsequent complexes are denoted as RuLSiMe2/SBA and RuLSi/SBA, 
respectively. Coupled in-situ EXAFS/MS experiments of the hydrogenolysis reactions of 
RuLSiMe2/SBA and RuLSi/SBA were conducted to study the proposed formation of mono-atomic 
metal centres. 

Experiments were performed at beamline X1 (DORIS III) using a Si (311) double crystal 
monochromator to acquire EXAFS at the Ru K-edge (22.117 KeV). The supported metal 
complexes were loaded into a fixed bed reactor tube and then connected to a Pfeiffer OmniStar™ 
gas analysis system. Due to the air sensitive nature of the supported Ru complexes reaction tubes 
were prepared and sealed in the glove box before transferral to the beamline. Measurements were 
carried out under the initial atmosphere of Argon and then under a He/H2 flow at room temperature 
as well as elevated temperatures of 50, 150, and 300 oC. At each temperature multiple scans were 
acquired, with a consistent data series being acquired in each case, indicative of a non-changing 
form of the sample. 

The study of the RuLSiMe2/SBA and RuLSi/SBA systems yielded contrasting results. Both 
systems initially showed evidence for the presence of one ring fragment and grafting to the silica 
surface, the other ring fragment being lost in the grafting procedure. The RuLSiMe2/SBA system 
then showed rapid loss of the remaining ring fragment on exposure to the He/H2 flow. Subsequent 
increased temperatures produced EXAFS spectra with little evidence of the presence of Ru-Ru 
neighbours, suggesting the vast majority of Ru is present as isolated mono-atomic sites. 
Hydrogenolysis studies of the RuLSi/SBA system showed that 100 % dispersed mono-atomic Ru 
centres were not achieved as significant contributions due to Ru-Ru particle growth were present 
for heating temperatures of 150 and 300 oC  
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Figure 1: k2 weighted EXAFS Fourier transforms at different stages of the hydrogenolysis reactions 
of (left) RuLSiMe2/SBA and (right) RuLSi/SBA 
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The investigation of Warm Dense Matter (WDM) is one of the grand challenges of contemporary
physics [1, 2]. WDM is a plasma state characterized by moderate-to-strong inter-particle coupling
which takes place at free electron temperatures of several eV and free electron densities around
solid density [1]. It is present in many physical environments, such as planetary interiors [3],
gravitationally collapsing protostellar disks, laser matter interaction and particularly during the
implosion of an inertial confinement fusion capsule [4].
We investigate ultrafast (fs) electron dynamics in a liquid hydrogen sample, isochorically and volu-
metrically heated to a moderately coupled plasma state using 91.8 eV FLASH radiation [5]. During
the ∼40 fs heating process, a fraction of the radiation is Thomson scattered. The scattered radia-
tion is recorded spectrally using a specially designed spectrograph [6]. The spectral structure is
dominated by two inelastically scattered peaks, the plasmons, from collective Thomson scatter-
ing. From their photon energy shift with respect to the incident radiation we can determine the
plasma free electron density. The free electron temperature can be inferred from the intensity ratio
of the two peaks via detailed balance. To determine these plasma parameters we fit the recorded
spectrum with simulations (fig. 1) and obtain a free electron temperature and density of 13 eV and
2.8× 1020 cm−3, respectively. Furthermore, the measurements show that the hydrogen plasma has
been driven to a non-thermal state with an ion temperature below 0.1 eV [5].
We have simulated [5, 7] the evolution of the electron kinetic energy distribution during and after
the FEL irradiation and have compare these density and temperature trajectories with our measure-
ments (fig. 2). In the simulation we can study the influence of different cross sections for impact
ionization, which is the dominant mechanism on this time scale. We used the National Institute of
Standards and Technology database for molecular hydrogen bases on the Binary Encounter Bethe
(BEB) model as well as a classical expression based on free electron collisions. The models de-
viate up to a factor of four in the relevant electron energy range. Simulations with the classical
model yield results which match our measurement significantly better than BEB (fig. 2). A pos-
sible interpretation is that the atomic structure (as treated in BEB) does not play a significant role
in the context of dense plasmas where, due to screening and correlation effects, high lying atomic
states are removed and the electron interaction is more properly described with a classical ionic
background.
This is an important step towards the investigation of strongly coupled plasmas which are within
reach of current and future light sources such as LCLS and the European XFEL.
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Figure 1: Experimental spectrum integrated over 4500 pulses (red circles) and the best fit of a calculated
spectrum with ne = 2.8 × 1020 cm−3 and Te = 13 eV (solid blue line). Comparison to fits with variation
in density (left graph), 5.6 × 1020 cm−3 (dashed green) and 1.4 × 1020 cm−3 (dash-dotted brown), and in
temperature (right graph), 20 eV (dash-dotted brown) and 5 eV (dashed green), are shown.
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Figure 2: Measurements (colored circles) compared to the simulated evolution of the target’s free electron
density and temperature using different impact ionization cross sections: classical electron-electron collisons
(solid red, 15µJ) and the BEB model (15µJ dashed blue, 60µJ dotted green). The pulse energy in the
experiment was 15µJ. The FEL full width half maximum duration is indicated in gray scale.
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