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Report: 
Our beamtime at the DUBBLE beamline has been again very succesful. In addition the the planned 

experiments, written in the proposal, we had even time for other measurements as well. We hope to publish 

the results in 4 or 5 different articles in the next years. We were also very happy with the support of the 

beamline scientist, especially during weekend (out of the working hours) 

 

The speciation of the following metals in a solution containing 0 to 12 M HCl have been studied: Sb, Cu, Ga, 

Co and Nb. 

Figure 1 shows the fourier transforms of the EXAFS functions from 0 to 12 M for copper. A shift in the 

fourier transform of the EXAFS function can be seen from 0 to 12 M HCl. At 0 M HCl, copper is coordinated 

by 4+2 (jahn teller effect) oxygens atoms. With an increasing chloride concentration, the oxygen atoms are 

replaced by chloride atoms 
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Figure 1. Fourier transform of the EXAFS function of Cu(II) at different HCl concentrations. 

 

Further more detailed analysis, similar to what we have done recently on indium, [1] is required to determine 

the number of oxygens and chlorines in the first coordination shell of all metals studied.  

 

In addition, we could study the oxidation and reduction of Eu(II) in nitrate media as a function of time and 

media. Therefore, we have measured a lof of XANES spectra. One of these measurements is shown in Figure 

2. 
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Figure 2. Absorption edge of Eu(III) as a function of time after reduction with Zn(0) powder. 

 

 

 

 
Lastly, we were able to measure and model several  EXAFS functions of complexes formed in deep eutectic 

solvents and ionic liquids (table 1 and table 2) 

 

 

 

Table 1. First row transition metal complexes formed in a mixture of 0.6/99.4 wt% or 15/85 wt% water/deep 

eutectic solvent mixtures. The data are obtained by EXAFS analysis. 



 
Medium complex N R (Å) Debye 

Waller (Å2) 

15% H2O Ni(H2O)6
2+ 5.8(1) 2.051(1) 0.007(1) 

15% H2O ZnCl42- 3.9(1) 2.262(2) 0.008(1) 

15% H2O CuCl2- 2.5(1) 2.038(1) 0.003(1) 

0.6% H2O NiCl42- 4.3(1) 2.212(1) 0.011(1) 

0.6% H2O CuCl2- 2.2(1) 2.026(1) 0.004(1) 

 

 

 
Table 2. Complexes formed after leaching the metallic form of the metal with the ionic liquid P66614Cl3. The 

data are obtained by EXAFS analysis. 

 
Metal 

oxidation 

state 

Complex 

formed 

N R (Å) Debye 

Waller (Å2) 

Fe(III) [FeCl4]- 4.4(2) 2.208(2) 0.004(1) 

Cu(II) [CuCl4]2- 4.0(1) 2.244(1) 0.007(1) 

Zn(II) [ZnCl4]2- 3.9(1) 2.304(2) 0.006(1) 

Ga(III) [GaCl4]- 4.6(1) 2.184(1) 0.004(1) 

In(III) [InCl4]- 3.7(2) 2.365(3) 0.004(1) 

 
 

[1] C. Deferm, B. Onghena, T. Vander Hoogerstraete, D. Banerjee, J. Luyten, H. Oosterhof, J. Fransaer, K. 

Binnemans, Speciation of indium(III) chloro complexes in the solvent extraction process from chloride 

aqueous solutions to ionic liquids, Dalton Trans. 46 (2017) 4412–4421. doi:10.1039/C7DT00618G. 

 


