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ABSTRACT

The effect of water (5 H2O 1 OH) on the environment of Co21 and Ni21 in albite glass
was investigated by electronic absorption spectroscopy. The visible spectra of Co21-doped
glasses change only slightly over the range of water concentrations studied. Co21 is in a
distorted tetrahedral environment, producing a dark blue color in the glasses. Up to about
5 wt% water, Ni21-doped glasses are brown and only minor variations in the spectra are
seen. At 5.6 wt% water, however, the color of these glasses changes abruptly from brown
to light green and a new type of absorption spectrum is observed. Three bands are observed
in the visible spectra of the brown glasses. Two bands near 20 500 cm21 can be assigned
to Ni21 in a distorted octahedral environment. A third band at 15 500 cm21 could either be
due to the distorted octahedral site or to a small amount of tetrahedrally coordinated Ni21.
The spectra of the green glasses with 5.6 and 5.7 wt% H2O resemble closely spectra of
aqueous NiCl2-solution containing the [Ni(H2O)6]21 complex. The formation of such a
hydration shell around transition metals in hydrous silicate melts should strongly effect
partitioning of these elements between silicate melts, minerals, and a metal phase. Con-
sideration of ligand field stabilization energies, suggests that hydrated Ni21 is stabilized in
the melt such that mineral-melt and metal-silicate melt partition coefficients decrease by
one to two orders of magnitude relative to a dry melt at 1100 8C.

INTRODUCTION

Transition metals are the most important compatible
trace elements in magmatic systems. The mineral-melt
partitioning of the first series transition elements is crucial
for understanding major Earth-forming processes such as
the evolution of the mantle and the crust. Modeling of
core formation requires the understanding of the distri-
bution of Co and Ni between silicate melt and metallic
liquid. The partitioning of transition metal ions between
silicate melt and minerals or metal cannot be appropri-
ately modeled by elastic strain energy models because of
ligand field effects and strong covalent bonding interac-
tions (e.g., Figgis 1966; Burns 1993).

Although numerous recent studies exist on the envi-
ronment of transition metals in magmatic melts and glass-
es (e.g., Burns 1993), little information is available on
the effect of H2O on the coordination sphere and on the
partitioning of these elements. Water (5 H2O 1 OH2) is
the most important volatile component of natural mag-
matic systems and influences physical and chemical prop-
erties of aluminosilicate melts to a great extent (e.g.,
Burnham 1979). High P and high T measurements of wa-
ter speciation in aluminosilicate melts show that both hy-
droxyl groups and H2O molecules are stable, and hydrox-
yl groups dominate even at water contents up to 10 wt%
(Nowak 1995; Nowak and Behrens 1995; Shen and Kep-
pler 1995). This result implies that dissolved water
depolymerizes the structure of aluminosilicate melts very
effectively and that molecular H2O is a possible ligand at

high water contents. Watson (1976), Hart and Davis
(1978), and Mysen and Virgo (1980), suggested that min-
eral-silicate melt partition coefficients of transition metals
depend on the melt composition and thus on the degree
of melt polymerization.

Infrared (IR), Raman, and nuclear magnetic resonance
(NMR) spectroscopy mostly probe network-forming cat-
ions. Little is known on the effect of water on network
modifiers such as alkalies and alkaline earths in glasses.
NMR and X-ray absorption spectroscopy (XAS) work by
Kohn et al. (1989; 1990) suggest major changes in the
environment of network modifiers if water is added to the
glass. Transition metals may serve as a model for other
network modifiers and can easily be studied by electronic
absorption spectroscopy, i.e., by investigating electronic
transitions in the near IR, visible, and UV absorption
spectra.

We studied the structural environments of Ni21 and
Co21 in albitic glasses quenched from dry and hydrous
melts using electronic absorption spectroscopy. This is
the only suitable method to investigate the incorporation
of transition metal ions in quenched silicate melts aside
from XAS and Mössbauer spectroscopy. Furthermore it
is experimentally simple, insensitive to disorder, and the-
oretically well understood. The electronic absorption
spectra of Co21 and Ni21 in silicate glasses are intense
and show enough bands to derive the complete set of
crystal-field parameters (Keppler 1992). Furthermore,
spectra of Co21 and Ni21 in high polymerized albite glass-


