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The influence of water on the structure of hydrous sodium tetrasilicate glasses
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ABSTRACT

The structure of sodium tetrasilicate (Na2Si4O9) glasses containing 0 to 10 wt% water
was investigated by a combination of Raman, IR, and NMR methods. Both the 29Si magic
angle spinning NMR data and Raman spectra in the Si-O stretching region clearly show
that water depolymerizes the silicate network of the glasses. Q-species distributions cal-
culated from Raman spectra, assuming equal scattering cross sections of all bands in the
Si-O stretching region, closely agree with results obtained from NMR data. At low total
water contents, the silicate network is depolymerized mainly by breaking of Q4-Q4 bonds,
whereas breaking of Q3-Q3 bonds dominates at high water contents. Near IR spectra show
the presence of both OH groups and molecular H2O in the glasses. The number of non-
bridging O atoms per silicon atom, calculated from the near IR data, closely agrees with
the results obtained from Raman and NMR, and confirms the assignment of the 4500 cm21

band in the near IR to a combination mode of Si-OH groups. Moreover, the intensity of
the fundamental Si-OH stretching band at 910 cm21 in the Raman spectra varies propor-
tionally to the intensity of the 4500 cm21 near IR band. Both IR and Raman spectra show
three main bands in the OH-stretching region, centered at 3580, 3000, and 2350 cm21, due
to hydrous species with different hydrogen bond strengths. The relative intensities of these
three bands are insensitive to total water content and OH/H2O ratio, suggesting that both
OH and H2O contribute to each of these bands. This is consistent with the fine structure
of the H2O bending vibration in the IR spectra around 1640 cm21 and with the polarization
dependence of the OH-stretching bands in the Raman spectra. Near IR spectra of hydrous
sodium tetrasilicate glasses and hydrous aluminosilicate glasses are very similar and show
a similar dependence of band intensity on total water content, suggesting that there is no
fundamental difference in the dissolution mechanism of water in these systems.

INTRODUCTION

Water is the most important volatile component in nat-
ural magmas. Accordingly, considerable effort has been
expanded over several decades to understand the disso-
lution mechanism of water in silicate melts (McMillan
1994). In-situ spectroscopic measurements of hydrous sil-
icate melts at high temperature and high pressure have
only recently become feasible and are essentially still lim-
ited to near IR and Raman techniques (e.g., Keppler and
Bagdassarov 1993; Nowak and Behrens 1995; Shen and
Keppler 1995; Holtz et al. 1996). These measurements
show that the structure of hydrous melt and quenched
glass at room temperature are qualitatively similar. How-
ever, quantitative data on melt structure cannot be ob-
tained from quenched samples, because speciation in hy-
drous glasses changes even below the glass
transformation temperature (Nowak and Behrens 1995;
Shen and Keppler 1995). Nevertheless, studies of hydrous
glasses still provide a valuable first step toward under-
standing the dissolution of water in silicate melts. In par-
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ticular, various spectroscopic and diffraction methods can
be used simultaneously on glasses and the results can be
cross-checked in order to establish proper procedures for
the quantitative evaluation of spectroscopic data. Proper
band assignments and structural models can then be used
to study the structure of hydrous silicate melts directly at
high pressure and high temperature.

Presently, even the structure and vibrational spectra of
relatively simple hydrous silicate glasses are not suffi-
ciently understood (McMillan 1994).Whereas a general
consensus exists that both molecular H2O and OH groups
are present in hydrous glasses (Batholomew et al. 1980;
Stolper 1982), different estimates of the OH/H2O ratio are
sometimes obtained from IR, Raman, and NMR data
(Farnan et al. 1987; Eckert et al. 1987). Moreover, the
structural role of OH in hydrous aluminoslicate glasses is
still debated. Whereas some models invoke the formation
of Si-OH or Al-OH groups, implying depolymerization
of the glass structure by water (Burnham 1979; Sykes and
Kubicki 1993), other models imply that water has no ef-
fect on the degree of polymerization (Kohn et al. 1989).
Some of these discrepancies are related to disparate as-


