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INTRODUCTION

The continuous random network model (Zacharaisen 1932)
has been a remarkably useful basis for understanding the struc-
ture and properties of silicate melts. An essential feature of
this model is the assignment of cations to network forming and
network modifying roles (e.g., Mysen 1988). The former are
generally small, highly charged cations tetrahedrally coordi-
nated to oxygen, while the latter are larger monovalent and
divalent cations which are coordinated to more than four O
atoms. This concept may be used to quantify the “polymeriza-
tion” of the melt, for example, by taking the ratio of the num-
ber of non-bridging O atoms (NBO) to the number of
tetrahedrally coordinated network forming cations (T). This
molar ratio “NBO/T” has been extensively used to rationalize
the variation of physical and thermodynamic properties of sili-
cate melts as a function of composition. The distinction be-
tween network forming and network modifying is somewhat
artificial as there is obviously a continuum of behavior between
these two extremes. Furthermore, it is difficult to account for
unusual coordination states within this framework. Nonethe-
less it provides a simple starting point, upon which a more so-
phisticated treatment can be built. For Al3+, which has an

intermediate charge and radius, it is generally assumed that
association with “charge balancing” cations (Mn+, e.g., Na+,
Ca2+) will stabilize aluminum in tetrahedral coordination wher-
ever possible (Mysen 1988). Therefore, addition of aluminum
to a depolymerised silicate melt will remove metal cations from
network modifying roles until no more non-bridging O atoms
remain. If all Al is incorporated in this way, NBO/T will fall to
zero when the molar ratio Mn+/nAl = 1 (the “charge balanced
join”). If further Al is added, the “excess” Al may play a net-
work modifying role, thus depolymerising the network, or al-
ternatively may remain tetrahedrally coordinated, but associated
with a three coordinated oxygen in a configuration known as a
tricluster (Lacy 1963). It has been recently proposed that such
triclusters may even occur in compositions with Mn+/nAl ≥ 1
(Toplis et al. 1997; Stebbins and Xu 1997). On the other hand
no evidence for more than 1% high coordinated Al has been
reported in glasses with Mn+/nAl = 1 (Baltisberger et al. 1996;
Stebbins et al. 2000), although early 1D 27Al magic angle spin-
ning nuclear magnetic resonance (MAS NMR) spectra of mag-
nesium aluminosilicate glasses with Mg/2Al slightly less than
1 demonstrated that five and six coordinated aluminum (VAl
and VIAl) are present (McMillan and Kirkpatrick 1992).

To establish whether Al with a high coordination number is
present in glasses with Mg/2Al > 1 we applied state-of-the-art
NMR techniques to study the local environment of Al in glasses
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ABSTRACT

Eight glasses with molar Mg/2Al ≈ 1 in the system MgO-Al2O3-SiO2 have been studied by magic
angle spinning (MAS) NMR spectroscopy. Using triple quantum (3Q) NMR techniques we find
evidence for significant concentrations of Al coordinated to five O atoms in all glasses, the propor-
tion increasing with decreasing Mg/Al and decreasing silica content. In glasses with Mg/2Al = 1, up
to 6% of the Al is estimated to be coordinated to five rather than four O atoms. Calculations of the
polymerization state of these liquids made assuming that all aluminum is in tetrahedral coordination
charge balanced by magnesium are thus seriously in error. Such errors may be of even greater impor-
tance at the high temperatures and pressures relevant to the Earth and materials sciences.
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