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Introduction: The concentrations and transport of
copper in ore-forming and other environments is con-
trolled in part by how copper and chloride complex
together in high-temperature brines. Despite the impor-
tance of copper in many types of hydrothermal ore de-
posits (e.g., porphyry, epithermal, SEDEX), little is
known about the complexes of copper with chloride.
Copper geochemistry is complicated because of the two
important valence states of aqueous copper (Cu(I) and
Cu(II)). We are studying the hydrothermal geochemis-
try of copper(I,II)-chloride complexes using a combina-
tion of mineral solubility and UV-Vis-NIR spectropho-
tometric experiments and thermodynamic modeling.

Cuprite Solubility: The solubility of cuprite
(Cu(I)) was measured in preliminary experiments using
water bath (under nitrogen atmosphere) and evacuated
silica-glass tubes at temperatures between 25°C and
250°C, vapour-saturated pressure and in acetic-acid and
phosphate pH buffered waters with variable NaCl con-
centrations (0m to 2m). Copper oxidized or dispropor-
tionated in all experiments with less than approxi-
mately 0.1m NaCl concentrations and in most water
bath experiments, even when vessels were closed and
under a constant flow of purified nitrogen. Successful
experiments have been run at 50°C and 150°C using
evacuated silica glass tubes, acetic-acid pH buffer (0.1m
to 1.0 total acetate) and 0.01m to 2.0m NaCl. Aque-
ous copper is greater than 95% Cu(I) based on meas-
ured absorbance spectra and quantitative measurements
using the neocuproine analytical method. At 150°C
and measured pH25°C ~ 4.7, measured logmCu,total in-
creases linearly from -3 to -1 between logmCl,total of -2
and 0, with a reproducibility of better than 6%. The
slope of the curve is one, indicating that CuCl(aq) pre-
dominated at the conditions of the experiment. Total
acetate concentration was varied at a constant 0.1m
NaCl, resulting in a small increase in measured copper
concentrations and indicating that some Cu(I)-acetate
was present in the experiments.

UV-Vis-NIR Spectrophotometry: UV-Vis-NIR
spectra of Cu(II)-chloride complexes have been meas-
ured successfully using conventional methods at 25°C,
60°C and 90°C for acidified 30ppm Cu (ultraviolet
wavelengths) and 500ppm Cu (visible wavelengths)
solutions between 0m and 18m LiCl. Cu(II)-chloride
system was chosen for three reasons: i) to develop the
necessary methodologies of running the experiments
and interpreting the data; ii) extend the range of exist-
ing experimental data for Cu(II)-chloride species; iii)
understand the positions and shapes of the important
absorbance spectra for Cu(II) species so that we can
identify potential interferences with the absorbances of

Cu(I) species. The UV spectra of Cu(II) complexes are
easier to interpret than the visible spectra at all tem-
peratures and indicate at least five species based on a
principal component analysis. The most probable
stoichiometries of species in these experiments were
Cu2+, CuCl+, CuCl2(aq), CuCl4

2- and an unknown spe-
cies. There appears to be an octahedral-tetrahedral tran-
sition with increasing LiCl concentration, based on a
comparison with solid-phase spectra. The transition is
apparent between 2m and 5m LiCl at all three tempera-
tures. A preliminary interpretation of the spectra indi-
cates the change in predominance of species with LiCl
concentration (Figure 1.). UV-Vis-NIR spectra of
Cu(I)-chloride complexes in LiCl solutions was meas-
ured at 25°C but at higher temperature the copper oxi-
dized too quickly to measure reliable spectra.

High-temperature UV-Vis-NIR Spectrophotome-
try: A newly designed titanium pressure cell with sap-
phire windows has been successfully tested to 300°C.
The cell has four windows that allow both liquid and
vapour spectra to be measured in the same experiment.
We are currently using the cell to extend the tempera-
ture range for Cu(II)-chloride spectra, measure Cu(I)-
chloride spectra, and detect liquid-vapour partitioning
of Cu in chloride, bisulfide and ammine systems. Pre-
liminary measurements of Cu(II)-chloride liquid-vapour
up to 300°C do not show any copper vapour species.

Thermodynamic Modeling: Modeling suggests
that disproportionation is important at low tempera-
tures and low salinities. Comparisons of our data with
recently published thermodynamic properties show
good agreement for Cu(II)-chloride species at low salin-
ity; however, there is less agreement for Cu(II)-chloride
species at high salinities and Cu(I)-chloride species.

Figure 1. Estimated percentages of Cu(II)-chloride
species derived from UV absorbance data at 25°C.
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