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INTRODUCTION

Water dissolves in silicate glasses and melts as molecules
(Doremus 1969, 1994, 1995; Ernsberger 1977; Bartholomew
1982; Stolper 1982). These dissolved water molecules react
with the Si-Al-O network of the glass to form OH groups:

-O- + H2O(d) = 2OH(n) (1)

In this equation, (n) means part of the solid glass network
(but see discussion below), and (d) means dissolved molecu-
larly in the glass. The symbol -O- designates an O ion in the
glass network; it can be bonded to either Si or Al ions. The
exact configuration of the OH groups is controversial. Based
on a nuclear magnetic resonance (NMR) study, Kohn et al.
(1992) concluded that in nepheline (NaAlSiO4) and CaAl2 Si 6.6

O17.3 melts, one H atom is associated with a bridging O atom
between Al and Si atoms, and the remaining OH forms mo-
lecular NaOH with a Na ion that compensates for the excess
negative charge around the Al atom substituted for a Si atom.
The more traditional view of the formation of two hydroxyl
groups bonded to Al or Si atoms was advocated in a model of
Sykes and Kubicki (1993) based on infrared and Raman spec-
troscopy and molecular orbital calculations. These models were
discussed further by Kohn et al. (1994) and Sykes and Kubicki
(1994). For the present purpose, the important result from re-
action 1 is the equilibrium constant (see Eq. 2), which should
be the same for both models. Richet and Polian (1998) have
additional ideas on the structure of water in silicate glasses..

The distribution of water between dissolved molecules and
reacted OH groups, called speciation, helps to determine the
outgassing tendency of glasses and melts, and so is important

in understanding the influence of water on glass properties such
as viscosity, strength, and chemical durability. Water also in-
fluences transport of magmas, and can cause explosive volca-
nic eruptions.

In an excellent study, Sowerby and Keppler (1999) mea-
sured the concentrations of molecular and reacted water in a
rhyolite glass at a range of temperatures from 124 to 900 °C
and pressures from ambient to 10 kbars. The important feature
of that study was the measurement of infrared absorption at
temperature and pressure, so that changes in concentrations
during quenching were avoided. These authors measured the
variation of water speciation as a function of total water con-
centration at temperatures between 124 and 434 °C.

Several investigations have measured the speciation of wa-
ter in a variety of quenched silicate glasses from infrared ab-
sorption (Bartholomew 1980; Stolper 1989; Silver et al. 1990;
Nowak and Behrens 1995; Ihinger et al. 1999). There has been
some question about the validity of measurements for samples
quenched from above the glass transition temperature and at
high water concentrations (Dingwell and Webb 1990; Zhang
et al. 1995), thus emphasizing the value of measurements at
temperature and pressure.

Reaction 1 can be described with an equilibrium constant
K:
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in which the square brackets represent thermodynamic activi-
ties. If ideal mixing of components can be assumed, concen-
trations can be substituted for activities, but this assumption of
ideality leads to values of K that are a function of total water
concentration for speciation of water in silicate glasses. To cor-
rect for this variation, a regular solution model with four arbi-
trary parameters has been fit to speciation data (Silver et al.
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