
 
Fig 1.: XANES of CZTS nanoparticles with different 
amounts of ligands at their surface measured at Cu- and 
Zn K-edges 

EXAFS Investigation on the Atomic Scale Structure of 
CZTS Nanoparticles  

J. Just1,2, J.C. Hebig1, D. Lützenkirchen-Hecht1, T. Unold2,  
N. Carter3, C. Hages3, R. Agrawal3 and R. Frahm1 

1Fachbereich C – Physik, Bergische Universität Wuppertal, Gaußstr. 20, 42119 Wuppertal, Germany  
2Helmholtz-Zentrum-Berlin für Materialien und Energie GmbH, E-I3, Hahn-Meitner-Platz 1, 14109 Berlin, Germany 
3School of Chemical Engineering, Purdue University, 480 Stadium Mall Drive, West Lafayette, IN 47907-2100, USA 

Absorber layers of low-cost and high-efficiency solar cells have to fulfill two seemingly conflicting 
requirements: First, the absorber has to be of excellent semiconducting quality to avoid losses by 
electron-hole recombination. Second, the deposition process should be fast and require a minimum 
of energy consumption and technical equipments. Compound semiconductor materials such as 
copper indium gallium diselenide and copper zinc tin sulfide (CZTS) can be deposited as 
nanoparticles dispersed in a solvent as inks or pastes by fast and easily scalable processes resulting 
in homogenous and smooth films in order to provide low-cost deposition [1]. 
It has been demonstrated that films of Cu-Zn-Sn-S nanoparticles can be converted into 
microcrystalline and high quality kesterite CZTSSe absorber films for solar cells with efficiencies 
of up to 7.2 % by selenization at 500 °C [1]. Even though the efficiencies reached with this 
approach are still behind the highest efficiencies reached for CZTSSe (11.1 % [2]), a synthesis via 
the nanoparticle route is attractive for 
solar module production. A main 
advantage of the deposition of 
nanoparticle inks over other deposition 
processes used for the synthesis of 
CZTSSe solar cell absorber films is that 
neither a vacuum is needed, nor does it 
rely on toxic solvents. 
For the electrical and optical properties of 
the final annealed film the constitution, 
shape and structure of the precursor 
CZTS nanoparticles is of great 
importance. Depending on the detailed 
reaction recipe as-synthesized 
polydispersed precursor nanoparticles are a mixture of differently sized and structured particles 
possibly also containing unwanted secondary phases and non-uniform compositions. Since 
diffraction experiments are limited by the nanometer-size of the particles they neither can tell 
about the detailed atomic structure nor about the presence of most secondary phases. In previous 
works we have demonstrated that X-ray absorption spectroscopy is a sensitive technique to 
determine and quantify the presence of secondary phases in the CZTS material system [3,4] and 
can reveal details about the local atomic structure, e.g. the cation ordering [5]. In this work we 
performed highly sensitive EXAFS experiments at cryogenic temperature (approx. 5 K) at the 
absorption edges of the contained elements copper, zinc, tin and sulfur to reveal the atomic 
structure of CZTS nanoparticles in dependence of the route used for synthesis. 
Since XANES spectra of the contained cations are sensitive to their chemical surrounding and 
oxidation state, they can especially be used to determine the amount and bonding nature of 



 
Fig 2.: Measured and edge-step normalized absorption 
coefficient of CZTS nanoparticles at the K-edge of Zinc 
together with the extracted and k3-weighted EXAFS 
oscillations. 

 
Fig 3.: Fourier transform of the k3-weighted EXAFS 
spectra of CZTS nanoparticles measured at the Zn K-
edge. 

ligands surrounding a nanoparticle. 
XANES measurements of nanoparticles in 
liquid suspension at room temperature 
with different concentrations of 
Oleylamine are shown in Fig. 1. It is found 
that Oleylamine used as a ligand is bound 
mainly to Copper contained on the surface 
of the nanoparticles while the chemical 
surrounding of Zn remains unchanged. 
For determination of the structural 
properties and homogeneity of the 
nanoparticles as-synthesized particles have 
been size separated by subsequent 
centrifuging steps, dried and pressed into a 
powder pellet together with cellulose used 
as matrix material. By optimization of the 

amount of material and thus the edge 
jump it was possible to perform high 
quality EXAFS measurements on those 
materials at cryogenic temperature with 
nearly noise free EXAFS oscillations up to 
about 1500 eV above the edge, 
corresponding to a value of about 20 Å-1 
in k-space, as shown in Fig. 2. In Fig. 3, 
the Fourier transform of the EXAFS 
oscillations measured at the copper and 
the zinc edges of CZTS nanoparticles are 
shown. By complete EXAFS analysis, e.g. 
Fourier transform into R-space, single 
shell filtering by a window and fitting of 
the spectra with ab-initio calculated 
EXAFS data, it was possible to determine 
the atomic scale structure of the nanoparicles in detail. Especially the presence of the secondary 
phases ZnS and CuS could be revealed successfully. Detailed publications are currently in 
preparation [6]. 
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