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INTRODUCTION

Sorption of metal cations on solid surfaces is important in a
variety of contexts, including the mobility of contaminant metal
cations in groundwater, the segregation of these metal ions
during waste water treatment, and the preparation of industrial
catalysts. Understanding the mechanism of sorption reactions
is therefore essential for predicting the fate of trace metals in
natural environments or in designing optimal catalyst applica-
tions. This study examines the sorption of aqueous Cu2+ on
amorphous SiO2, γ-Al 2O3, and anatase using X-ray absorption
fine structure (XAFS) spectroscopy. Copper was chosen for
this study since it is an important trace element: it is essential
for life, but may be toxic at high concentrations. Previous studies
have shown that the toxicity of Cu is related to its speciation
(Brand et al. 1986; Knauer et al. 1997), which is determined
by, among other factors, complexation with organic ligands and
sorption to colloid surfaces.
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ABSTRACT

The primary objective of this study is to determine the effect of substrate type on the coordina-
tion environments of Cu2+ adsorbed on amorphous SiO2, γ-Al 2O3, and anatase at a surface coverage
of approximately 1 µmol/m2. We also collected X-ray absorption fine structure (XAFS) data for
several Cu2+-containing model compounds, including tenorite (VICuO), spertiniite [VICu(OH)2],
dioptase (VICuSiO2·H2O), shattuckite [VICu5(SiO3)4(OH)2], chrysocolla [VI (Cu,Al)2H2Si2O5

(OH)4·nH2O], and Cu2+ acetate monohydrate [VICu(CH3CO2)2·H2O], for comparison with the sorp-
tion sample data. Detailed analysis of these model compounds indicates that the bonding of second
neighbors surrounding a central Cu absorber determines whether these second neighbors can be
detected by XAFS. The XAFS results of Cu2+ sorption samples are consistent with the presence of
Jahn-Teller distorted Cu2+(O,OH)6 octahedra, with four equatorial Cu-O bonds (1.95 Å) and two
longer axial bonds; the axial Cu-O bonds are difficult to characterize quantitatively by XAFS spec-
troscopy. Cu2+ sorbed on amorphous SiO2 was found to have Cu second and third neighbors at 2.95
Å, 3.30 Å, and 5.72 Å, but no Cu-Si correlation was detected for these sorption products associated
with amorphous SiO2. Based on XAFS and wet chemical results, it seems likely that a Cu(OH)2

precipitate has formed in the Cu2+/amorphous SiO2 system. Cu2+ sorbed on γ-Al 2O3 is present as a
mixture of monomeric, dimeric, and perhaps a small number of oligomeric hydroxo-bridged
Cu(O,OH)6 species with a Cu-Cu distance of approximately 2.95 Å. Sorbed Cu2+ on anatase is present
predominantly as hydroxo-bridged Cu dimers. At similar sorption densities, Cu2+ cluster sizes on
amorphous SiO2 are significantly larger than those on γ-Al 2O3 or anatase, indicating that the sub-
strate has an important effect on the type of Cu2+ sorption complex or precipitates formed.

Recent XAFS spectroscopy studies of Co2+ and Ni2+ sorption
complexes on oxide and clay surfaces have shown that one im-
portant sorption mechanism is the formation of precipitates and
coprecipitates on these sorbents (Chisholm-Brause et al. 1990;
Fendorf et al. 1994; O’Day et al. 1994a, 1996; Scheidegger et al.
1996, 1997; Towle et al. 1997; Xia et al. 1997, 1998). These
precipitates or coprecipitates have structures similar to their hy-
droxides or oxyhydroxides or to hydrotalcite-like mixed-cation
hydroxides. The metalsorbate-metalsorbate distance in these mixed-
cation hydroxide precipitates is up to 0.1 Å shorter than that in
the single-ion hydroxide precipitate (Chisholm-Brause et al. 1990,
1994a; O’Day et al. 1996; Scheidegger et al. 1996, 1997; Towle
et al. 1997). However, the Cu-Cu distance in Cu2+ dimer sorp-
tion complexes can be as much as ≈ 0.35 Å shorter than the
Cu-Cu distances in Cu(OH)2 (2.6 vs. 2.95 Å) (Farquhar et al.
1996; Cheah et al. 1998). These results are from a study of
Cu2+ sorbed on the (0001) surface of muscovite (Farquhar et
al. 1996), and our XAFS study of Cu2+ sorption on amorphous
SiO2 at sorption densities ≤ 0.05 µmol/m2 (Cheah et al. 1998).
These large differences in Cu-Cu distance suggest that the geo-
metric arrangement in the hydroxo-bridged Cu2+ dimers is dif-
ferent from the local arrangement in Cu(OH)2. A possible
explanation for the Cu dimers with short Cu-Cu distance is
that they are a product of hydrolysis of Cu2+ on the amorphous
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