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Report: 
 
Synchrotron XAS measurements at the cobalt k-edge for Co bearing chloride solutions have been 
successfully conducted at the FAME beamline (BM30B) at ESRF on 1-8 July 2009. The aim of this project 
was to i) determine the structure (coordination numbers and distances) of Co(II) chloride complexes at 
temperatures up to 500 oC at 600 bar, as a function of varying Co/Cl ratios, and ii) derive the formation 
constants for aqueous Co(II) chloride complexes. 
 
Operations at the facility were incident free, and setup 
and data collection were performed without any 
significant issues.  Cobalt k-edge EXAFS spectra were 
collected with sodium chloride concentration ranging 
from 0 to 6 molal and temperature range from 35 oC to 
440 oC (Table 1).  XAS data have also been collected 
for CoBr2 in water and 6 m NaBr solution at the same 
pressur over the same temperature range. 

 
Table 1 Temperature and NaCl concentration ranges for XAS 
measurement.  Two to five spectra were collected at each point . 
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At room temperature (35 oC), the XANES spectra do not change noticably with increasing chloride 
concentration, indicating the coordination structure of the predominant cobalt species remain the same. With 
increasing temperatrue, however, the XANES spectra show systematic changes:  
 
1). For solutions with 57 mmol CoCl2 and added NaCl, the change of the XANES spectra indicates the 
possible octahedral (Co(H2O)6

2+ ) to tetrahedral (CoCl4
2-) transition. The XANES spectra with increasing 

temperature for 6 m NaCl solution are shown in Figure 1.  

  

 
 

 
2) For 57 mmol CoCl2 solution without added NaCl, the change of the XANES with increasing temperature 
is different (Figure 2). This may indicate that the species predominating in this solution at 440 oC is probably 
tetrahedral with mixed Cl and O ligands (e.g., CoCl2(H2O)2), since the Co:Cl ratio is 2 for this solution.  The 
difference between the two XANES spectra at 440 oC is shown in Figure 3. EXAFS data analysis will reveal 
their bond distance, coordination numbers and ligand identities. 

 
 
 
 
 
3) The evolution of the XANES spectra with increasing chloride concentration at a given temperature are 
best shown using the 295 oC data as an example (Figure 6). The pre-edge 1s-3d transition peak at 7709 eV 
increases with increasing chloride concentration (Figure 6b), indicating an increase of the tetrahedral species.  
 
In summary, the XAS data we collected are of high quality and show systematic changes as a function of 
temperature and chloride concentration. The EXAFS data analysis, ab initio XANES calculation and 
thermodynamic regression are in progress and will reveal a full picture of cobalt speciation in chloride 
solutions over a wide range of salinity and temperature (0-6 mol and 35-440oC at 600 bar). 

Figure 2 XANES spectra for 57 mmol CoCl2 
solution at 35 to 440 oC 

Figure 1  XANES spectra for 57 mmol CoCl2 in 
6 m NaCl solution at 35 to 440 oC. 

Figure 4  XANES spectra of Co solutions with 
0-6 m NaCl at 250 oC. 

Figure 1 Comparison of two XANES spectra of Co solutions at 
440 oC. Blue line represents no added NaCl, and the red line a 6 
m NaCl solution. Note that they both  have a distinctive pre-edge 


