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Report: 

 
The main purpose of the experiment was to investigate the class of rare earth (RE) doped alkaline earth 

sulfides (CaS:RE, SrS:RE and Ca(1-x)Sr(x)S:RE) for different values of x, different dopant concentrations and 

different dopants (Eu,Ce) prepared using a solvothermal method[1]. 

 

Measurements were performed at the RE LIII edge in fluorescence mode, using the nine element monolithic 

Ge-detector as available at BM26A. The samples were kept at 80K, using a cryostat (see Figure 1). 

 

 

 

 

 

Figure 1:Experimental setup 



The solvothermal synthesis technique allows us to produce micron-sized single crystalline sulfide particles at 

a low synthesis temperature and without the use of H2S. Previous measurements at the Dubble beamline (26-

01-830) indicated the presence of divalent and trivalent Eu in these particles. 

 

We performed a detailed study of this phenomenon by measuring the XAS spectra for SrS:Eu particles with 

different dopant concentrations (0.25% to 2%), this was motivate d by the fact that concentration quencing in 

SrS occurs already for rather low dopant concentrations (Figure 2). 

 In Figure 3 the XANES spectra are dispayed, showing that trivalent Eu is present in all samples.  

 

 

 

 

Figure 2: Exafs spectra of Sr(1-x)S:Eux for different values of x. 

 

 

 

 

 

Figuur 3:XANES spectra of Sr(1-x)S:Eux 

 

 

 

 

 



We performed a detailed investigation of the XANES spectra, whereby the white line of the divalent and 

trivalent Eu ions was fitted using arctangent and lorentzian functions. From Figure 4 it is clear that upon 

increasing the dopant concentration, a higher fraction of trivalent Eu ions is present in the material. The 

reason for this is not clear yet, but this could be due to the formation of europium clusters within the material. 

This trivalent Eu can be due to the low synthesis temperature and/or by Eu ions that are not incorporated in 

the particles, but contaminate their surface. In addition, clustering of Eu ions at higher dopant concentrations 

is possible [1] 

 

 

Figure 4: . Fractions  of Eu
3+ 

and Eu
2+

 contributions to the  

Eu LIII XANES spectra as a function of the Eu concentration 

 

Supplementary measurements were performed on core-shell particles, whereby the doped monocrystalline 

particles are surrounded by a doped shell [2]. Due to the low dopant concentration and the strong x-ray 

absorption by the host crystal, measurements were performed only in fluorescence mode. Unfortunately, the 

signal-to-noise ratio was too small for reliable EXAFS analysis. Only in the XANES region the signal was 

good enough for analysis.  

 

In Figure 5 the spectra are displayed for SrS:Eu(1%)|SrS:Ce(1%) core shell particles. As can be seen for the 

measurements at the Eu LIII edge, the Eu ions are mainly in a trivalent state. Surprisingly, the Ce LIII edge 

measurements show an unexpected contribution of tetravalent Ce ions to the signal, which is known to be a 

luminescence killer.  

 

Follow up measurements should be performed to be able to explain the large Eu
3+

 and/or Ce
4+

 fractions in the 

samples. Preparation of core|shell particles with a SrS:Eu core and an undoped shell may allow the Eu ions to 

be all incorporated in the sample, and not present as restfraction. Unfortunately this geometry worsens the 

data quality, i.e. the x-rays have to penetrate a larger layer of undoped SrS before they can be absorbed by the 

Eu ions. Since thr SrS host matrix is a strong absorber, the signal-to-noise ratio will diminish.  

 

Preparation of Ca-based core|shell particles may bring a solution, since the CaS host matrix is less absorbing.  
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Figure 5:XANES spectra of SrS:Eu|SrS:Ce core shell particles.  

Left panel measured at the Eu LIII edge, right panel, measured at the Ce LIII edge. 
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