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Report:

Introduction: The transport of metals in hypersaline brines over a wide range of temperatures played a
fundamental role in the formation of most Cu, Au, Pb, Zn, Ag and U ore deposits. In addition, hypersaline
brines form a significant proportion of present-day surface water in semi-arid environments, and hence
understanding metal transport in hypersaline brines is important to predict the dispersion of contaminants
around ore deposits (geochemical prospecting) and waste deposits. Despite this, the nature and stability of
the aqueous complexes of trace metals in hypersaline brines is poorly understood.

A number of recent studies have been devoted to Cu(I) chlorocomplexes from room temperature to 325°C,
using a variety of techniques: solubility experiments [1,2], UV-Vis spectrophotometry [3], and EXAFS [4].
The latter experiments show that linear CuCl(H,0O)(aq) and CuCl, exist in moderately saline solutions
(£2 m) up to 325°C. However, [3] observed the appearance of two further Cu(I) chlorocomplexes at higher
salt concentrations. Based on the shape of the absorbance spectrum of these species, they suggested that
tetrahedral Cu(OH,)Cl5* and CuCly” are the dominant species at high salt concentrations.

The aims of this experiment were to:
* Test a titanium hydrothermal cell for EXAFS collection at elevated P-T.
* Investigate the speciation of Cu(I) in highly concentrated chloride solutions.
* Check that the assumptions used by [3] for interpreting UV-Vis data (i.e., that the Beer-Lambert
law was valid over the large range of salinity) were valid.

* Obtain an integrated speciation model that can explain all available evidence (UV-Vis, solubility,
EXAFS, preliminary XANES experiments conducted at the Photon Factory).

Experimental: Fluorescence Copper (8979 eV) K-edge XANES and EXAFS spectra of Cu(l) in acidic
chloride solution containing up to 17 m LiCl were measured in fluorescence mode at 150°C using a
titanium (grade 2) pressure cell equipped with kapton windows. The cell was placed in a cylindrical
aluminum block hosting two cartridge heaters. The temperature was controlled to a precision of £1°C.
Some standard solutions and minerals were measured at room temperature. Powdered minerals were
pressed into pellets (13 mm radius, ~2 mm thickness) diluted with BN. The solutions for room temperature
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measurements were placed into Teflon solution cells equipped with Kapton windows. The cell to
fluorescence detector distance was varied with changing solution concentration, to optimise the counts.
The synchrotron was operating in uniform bunch mode with a maximum current of 200 mA.

The solutions were prepared carefully under oxygen-free conditions, and a small quantity of metallic
copper was loaded in the cell to reduce traces of Cu(Il) that may occur in solution. We found that the
reduction of Cu(Il) was very rapid; indeed , as Figure 1 shows, even a sample consisting predominantly of
Cu(Il) (XANES spectrum with no pre-edge feature, and a broad band at 8998 eV) reduces completely at
150°C in less than an hour.

Results: As the chloride concentration is increased from 1.5 to 17 molal, XANES data (Figure 2) show
first a decrease in the peak height in pre-edge region, (1.5 to 8 m) and then an increase in intensity as well
as a slight shift in edge position towards higher energy. These changes are consistent with a change in the
complex geometry from linear (CuCl,) to trigonal planar (CuCl32') to tetrahedral (CuCl43') [5]. The
interpretation in terms of these three complexes is also supported by principal component analysis on the
XANES and EXAFS data.

We tested for potential artefacts resulting from self absorption using the F1luo self absorption correction
routine that is incorporated in ATHENA. Self absorption effects were negligible, even for the solutions
containing the highest Cu concentration.

Conclusions:

* The titanium hydrothermal cell for EXAFS collection worked as expected at 150°C. Transmission
spectra could be collected for the most dilute samples.

* A speciation model including linear CuCl,, a new trigonal planar complex CuCli* and a
tetrahedral CuCl43' is consistent with available solubility, UV-Vis, and EXAFS data.

* The XANES data strongly support the assumption of validity of the Beer-Lambert law for
hypersaline solutions.

*  XANES is a powerful tool in this example to decipher complex speciation with multiple geometry
changes. The quantitative interpretation of the EXAFS data in on-going.

Figure 1: Heating Cu in 1.5 m LiCl from 70 to 150 °C Figure 2: XANES spectra of Cu(I) in 1.5 to 17 m LiCl
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