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This study focuses on the structural properties of Eu doped borosilicate glass relevant for 
investigations of incorporation behaviour of radioactive nuclides in highly radioactive vitrified 
waste (HLW). Borosilicate glasses containing different amounts of Eu(III) were investigated by 
two complementary spectroscopy techniques time-resolved laser fluorescence spectroscopy 
(TRLFS) and high resolution X-ray absorption spectroscopy (partial fluorescence yield X-ray 
absorption near edge structure, PFY-XANES). Eu has excellent photoluminescence properties and 
therefore we chose it for these structural studies as a representative of trivalent lanthanides and a 
nonradioactive analogue of trivalent actinides. The combination of XAS and TRLFS allows 
characterization of the electronic and local geometric structure of the Eu(III) species embedded into 
the glass matrix. The obtained knowledge will be transferred to other Ln(III) and An(III) 
borosilicate glass systems [1]. PFY-XANES results presented here demonstrate a greater sensitivity 
and more resolved spectral information compared to the standard XAS technique (total 
fluorescence yield-XANES, TFY-XANES) [2].

The Eu L2 edge PFY-XANES experiments were performed at the HASYLAB wiggler beamline 
W1. The incident X-rays were tuned to energies from 7590 eV to 7605 eV in 5 eV steps, from 7606
eV to 7628 eV in 0.5 eV steps, from 7630 eV to 7650 eV in 2 eV steps and from 7652 eV to 7675
eV in 5 eV steps by means of a Si(111) double crystal monochromator. The X-rays emitted from 
the sample were energy analyzed by a Johann spectrometer in dispersive geometry [3]. A 
spherically bent Si(333) crystal with a 1 m radius of curvature was employed as analyzer and the 
measurements were performed at Bragg angle B = 66.73° (Eu L 1 emission line). PFY-XANES
spectra were measured for several Eu compounds (EuS (Eu2+), Eu2O3 (Eu3+)), differing in local 
coordination symmetry and in Eu oxidation state, and for Eu doped borosilicate glasses with 
varying Eu contents (4 wt% Eu2O3 in borosilicate glass, “EuNBS”; 3 wt% Eu2O3 in borosilicate 
glass, “EuNBS-2”).

The PFY-XANES and TFY-XANES spectra of the EuNBS glass sample, as well as the Eu2O3 and 
EuS PFY-XANES spectra are plotted in Figure 1. The energy positions of the EuNBS PFY-
XANES, Eu2O3 PFY-XANES and EuNBS TFY-XANES white line (the most intense resonance, 
WL) maxima coincide, indicating dominant Eu3+ contribution in the 4 wt% Eu2O3 borosilicate glass 
sample. The spectral features of the EuNBS PFY-XANES spectrum are better energy resolved 
compared to the EuNBS TFY-XANES spectrum. As a result, the EuNBS PFY-XANES spectrum 
exhibits a pre-edge feature at about 7615 eV, which is not visible in the EuNBS TFY-XANES. This 
feature is not observed in  the Eu2O3 PFY-XANES spectrum. The energy position of this feature 
and the EuS PFY-XANES WL maximum match well. Therefore we assume that Eu3+ is partially 
reduced to Eu2+ upon photon beam irradiation as previously described elsewhere [4,5]. An 



alternative explanation for the origin of this feature in the EuNBS PFY-XANES spectrum might be 
a relative reduced electronic population of the lowest laying Eu 4f valence states and/or larger 
energy difference between the Eu 4f and 5d unoccupied states in the Eu borosilicate glass sample, 
compared to Eu3+ in Eu2O3. Such changes in electronic structure might arise by the presence of Eu 
with differing local symmetries. We will perform further investigations to rule out one of these 
hypotheses.
The Eu L2 edge PFY-XANES spectra of two borosilicate glasses containing 3 and 4 wt% of Eu2O3

are shown in Figure 2. The spectra exhibit no significant differences with variation of  Eu 
concentration in the glass composition.

Figure 1: Eu L2 edge PFY-XANES spectrum in comparison to the TFY-XANES spectrum of the EuNBS 
glass sample, as well as the PFY-XANES spectra of Eu2O3 and EuS as reference compounds.

Figure 2: Eu L2 edge PFY-XANES spectra of two borosilicate glasses containing different (4 wt% and 
3 wt%) amounts of Eu2O3.
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