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Report:

EXAFS spectra were acquired for chromium, cobalt and zinc salts in the form of eutectic
mixtures created with either choline chloride, or hydrogen bond donors, such as urea, 1,2-
propylene glycol or ethylene glycol. Samples were measured at room temperature, except for
selected chromium samples which were measured at elevated temperatures. The effect of the
addition of up to 20 % water to the chromium samples was also investigated. Solid salt
samples were obtained for reference purposes.

Data quality was mostly good with spectra being usable to at least 12 A, The cobalt and
zinc spectra were generally glitch free, however several major glitches were observed in the
chromium spectra, both before and after the edge (5830, 5920, 5970, 6371, 6459 and 6490
eV). Samples were measured in thin films between perspex sheets in transmission mode,
with the solid samples being diluted in a cellulose matrix. The thickness of the liquid
samples was between 20 and 200 microns. Part of this experiment was to record the EXAFS
spectra of samples at elevated temperatures, however in most cases fluctuations in
temperature of only < 5 °C already produced such large fluctuations in sample thickness that
the data could not be analysed with standard techniques. We are currently trying to modify
our methods of background subtraction accordingly.

Metal-ligand distances were calculated to be ca. 1.9 A for M-O and 2.2 to 2.5 A for M-ClI,
which is consistent with both the solid reference samples and previous experimental data.



In most cases, the Fourier transforms of the chromium data could be fitted with a double
peak, which suggested that the speciation was composed of mixed chloro-oxo species, the
ratio of which depended on the additional component of the system. The only solution to
show a single peak was the 4:1 urea:Cr system. Solutions containing no more that 67% urea
tended toward the formation of the cationic species, e.g. [CrCl,(OD)4]*, where the oxygen
donor was either water or urea. This speciation is maintained, even with the addition of
significant amounts of water (up to ca. 20% by mass). The presence of urea in the
coordination was identified by a broad peak in the FT at ca. 4 A, which was more
pronounced in the high urea content samples. As this peak was not able to be included in the
data fits, the exact urea:water ratio remains unknown.

Solutions based on choline chloride showed chromium was coordinated by a higher
proportion of chloride ions, suggesting that a mixture of both anionic and cationic species are
present. This is in agreement with UV-Vis data of these systems, which suggest that the
ChCl-based system contains a greater proportion of chloride in the coordination shell of the
chromium atom than the urea-based system.
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Fourier transforms of the EXAFS data (black circles) and fits (red line) for 1:2(1) and 4:1 (m)
urea:CrCls:6H,0 and 1:2 ChCI:CrCl;-6H-0.

The EXAFS spectra for zinc and cobalt suggest that more complex species are being formed
in the solutions with a higher metal content (greater than 50 % metal salt). This is evidenced
by the appearance of peaks between 3 and 5 A in the Fourier transform, which we were not
able to fit yet. Possible identities for these peaks are coordination with nitrate or glycol, or
even formation of polynuclear species.

In samples with lower metal percentages (25 % metal salt), the speciation is strongly affected
by the ligand already present on the metal salt, with the chloride salts forming tetrachloro
species.

These results have allowed us to understand how the molar fraction of metal salt affects the
speciation of the metals in Type 1, 2 and 4 eutectic mixtures. These changes coincide with
changes in the electrochemical properties, i.e. deposition morphology and passivation
effects. Mechanistic studies for the Co and Zn systems are subject of ongoing research.

The results for chromium have been submitted for publication to Phys. Chem. Chem. Phys.



