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INTRODUCTION

Water is the most abundant volatile in many terrestrial mag-
mas, and even though its effect on macroscopic physical prop-
erties is well known, how it alters the atomic structure of
aluminosilicate liquids is incompletely understood. In one of
the first proposed models for water dissolution in aluminosili-
cate melts, it was suggested that water attacks the aluminosili-
cate framework, breaking inter-tetrahedral links (T-O-T) to form
Si-OH or Al-OH groups (Burnham 1975). Such depolymeriza-
tion of the hydrous melt structure could explain observed de-
creases in viscosity. Later, a different model based on a series
of nuclear magnetic resonance (NMR) experiments was intro-
duced by Kohn et al. (1989a) proposing the exchange of H+

ions in the water with the Na+ ions of the melt as the main
mechanism for water dissolution in sodium aluminosilicate
melts (Kohn et al. 1998; Schmidt et al. 2000a). In this model
no network oxygen bonds are broken, although protonation of
the framework O atoms is possible.

The mechanism of water solubility in aluminosilicate glasses
has been studied extensively with spectroscopic techniques such
as infrared and Raman spectroscopy as well as 1H, 17O, 23Na,
27Al, and 29Si NMR (see McMillan 1994 and Kohn 2000 for
reviews). These experiments show that water is present as both
molecular H2O and OH groups (Eckert et al. 1988; Stolper 1982;
Xu et al. 1998). The latter have been identified in 1H but not in
17O NMR spectra (Kohn et al. 1989b; Schaller and Sebald 1995;
Robert et al. 2000; Schmidt et al. 2000b). A series of detailed
NMR studies of aluminosilicate glasses have shown the larg-

est effects of added H2O to be in the 23Na NMR spectra, with a
relatively minor influence on the 29Si and 27Al spectra (Kohn et
al. 1989b; Kohn et al. 1998; Zavel’sky et al. 1998; Schmidt et
al. 2000a). This leads to the conclusion that most OH groups
are associated with Na at least until the glass is very silica-
rich. However, the relative shortage of NMR studies of crys-
talline silicates containing well-characterized OH species has
hampered the complete interpretation of these and other data.

Although O is the most abundant element in geologic mate-
rials, 17O NMR has not been fully exploited because of the low
natural abundance (0.037%) of this nuclide, and because it has
a nuclear spin of 5/2. Thus, the observed 17O NMR peaks are
often broadened (and split) due to the interaction of the nuclear
quadrupolar moment with the local electric field gradient. This
interaction is characterized by the quadrupole coupling con-
stant, CQ, which provides a measure of the distortion from
spherical symmetry of the site, and an asymmetry parameter,
η, which measures deviation from uniaxial symmetry. Magic-
angle spinning (MAS) is used to narrow the broad peaks often
present in solids but is only partially effective for quadrupolar
nuclides with half integer spins such as 17O. Nonetheless, the
quadrupolar parameters described above and the isotropic
chemical shift, δiso, obtained from 17O NMR have been useful
for studying geological materials (Turner et al. 1985; Engelhardt
and Michel 1987; Walter et al. 1988; Stebbins and Farnan 1989;
Mueller et al. 1990; Stebbins et al. 2000), especially in identi-
fying and quantifying bridging and non-bridging oxygen sites
in minerals and glasses.

The use of cross-polarization (CP) to improve NMR sensi-
tivity and to help determine structural proximity is well estab-
lished (Pines et al. 1973; Mehring 1983). During a CP NMR
experiment the detected magnetization of a spin (such as 17O)
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ABSTRACT

Oxygen-17 magic angle spinning, non-spinning, 1H-decoupled, 1H-17O cross-polarization, and
triple-quantum magic-angle spinning nuclear magnetic resonance (NMR) spectroscopy experiments
were performed at two different magnetic fields on crystalline potassium hydrogen disilicate
(KHSi2O5) and hydrous and anhydrous potassium tetrasilicate (K2Si4O9), sanidine (KAlSi3O8), and
haplogranite (KAlSi3O8-NaAlSi3O8-SiO2) glasses. Crystalline KHSi2O5 has two bridging oxygen
sites and one non-bridging oxygen site, and the NMR parameters for these two types of sites have
been determined. The non-bridging oxygen (silanol) site is well-resolved and observed in a crystal-
line compound with an isotropic chemical shift (δiso) of 60 ppm, a quadrupolar coupling constant
(CQ) of 3.5 MHz, and an asymmetry parameter (η) of 0.35. Knowledge of the non-bridging-oxygen
site parameters allows for comparisons to glassy or other materials that might have silanol-type
structures. A similar peak can be found in the hydrous potassium silicate spectrum but not in the
hydrous potassium aluminosilicate glass spectrum.


