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Report: 

 
1. Performed measurements 

All measurements were performed at the Cr K edge at the DUBBLE beamline (BM26A), ESRF, Grenoble, France. 

 

2. XANES results 

All spectra were aligned and merged using the Athena software to improve the S/N ratio. 
The XANES spectra of the samples are displayed in Figure 1.  



 

Figure 1: XANES spectra of the LG(G,S)O samples measured at the Cr K edge together with the spectra of some reference compounds: Cr foil 
(metallic), Cr2O3 (trivalent chromium octahedral site) and CrO2 (tetravalent tetrahedral site). 

 From these spectra we can observe two things: 
 

 The pre edge region of the measured samples shows one pre edge which coincides with the pre edge peak of Cr2O3. In Cr2O3 the 

Cr ions are octahedrally coordinated. Suggesting a preferential octahedral coordination for the Cr ions.  

 The absorption step of the real samples is located between the absorption step of Cr2O3 and CrO2. This observation suggests 

the presence of the Cr ions as well in trivalent as tetravalent oxidations state. 

 
3. EXAFS results 

 

The EXAFS spectra were analysed using the Artemis software. The spectra of the samples were analysed together using MDS 

(multiple data set fitting). This approach is often used if parameters are expected to be the same in different data sets. As such the 

number of used parameters can be maintained low. 
 

For all spectra a Hanning window was used [2.683 Å-1, 10.84 Å-1] and [1 Å, 4.236 Å]. The structure of LGO was introduced to generate 

the scattering paths; both the Ga1 as the Ga2 site were used as possible sites for the Cr ion in the lattice. The scattering paths were 

calculated up to 4.5 Å in R space. Besides the possible substitution of two sites also the possible presence of two oxidation states 

has to be evaluated (Figure 2). 

 

First all four virtual spectra were calculated to evaluate if one of the possibilities was preferential. The largest coincidence was 

found when the Cr ions occupy the octahedral Ga1 sites in the lattice. Subsequently the spectra were fitted using MDS with only this 

site and one oxidation state for the Cr ions. An R-factor of R=0.03 was found. 

 

Subsequently the presence of another Cr absorber on the Ga1 site was introduced. The fit significantly improved and an energy shift 

of 0.82 eV was found. This energy shift indicates the different oxidation state for both Cr absorbers: Cr3+ and Cr4+. Furthermore it 

was found that (69±1)% of the Cr ions is in the trivalent state and the other (31±1)% in the tetravalent state (the exact values of all 

fitting parameters are tabulated in Table 1 with their respective errors). The R factor of the fit was in this case well below 0.020. 

 

All the spectra are within the error margins similar, so no direct indication for the presence of Ge ions in the direct neighbourhood 

(within 4.5Å from the absorber) could be found. There are two possible reasons for this phenomenon: (1) no incorporation of Ge in 

the direct neighbourhood of the Cr ions, or (2) the similar atomic scattering factors of Ge and Ga make it difficult to differentiate 

between them. 

 

Besides the preferential substitution of the Cr ions on the Ga1 sites, it is also observed that the Cr-O distance is smaller than the 

Ga1-O distance. This effect can be caused by the preferential shorter distance Cr-O (e.g. Cr2O3 and CrO2). 

 



 

Figure 2: Graphic representation of the possible substitutions of the Cr atoms on the cationic sites in LGO. 

Table 1: (top) Influence of Cr incorporation on the equilibrium distances with the nearest neighbours. R(Axx) is the equilibrium distance as 
derived from the XRD pattern;  ΔR(Axx) is the change as derived from the EXAFS spectra. (bottom) Debye-Waller factors for each type of 

scattering path, i.e. the parameter is only dependent on the type of scatterer. 

 Cr3+ Cr4+ 
ΔR(O21)/R(O21) -4.03(11)% -4.41(26)% 
ΔR(O22)/R(O22) 5.21(28)% -1.48(52)% 
ΔR(O23)/R(O23) -1.35(19)% -2.94(47)% 
ΔR(Ga11)/R(Ga11) 1.945(53)% -0.62(12)% 
ΔR(Ga21)/R(Ga21) 0.01(4)% 3.57(10)% 

 Oxygen Gallium 

σ² 0.00456(24) 0.00103(21) 

 


