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INTRODUCTION

Oxygen sites with three highly charged, tetrahedral cations
as first neighbors (e.g., Al3+, Si4+) are unusual in minerals, but
such “triclusters” have long been suspected of playing a role in
the structure of Al-rich aluminosilicate glasses and melts
(Mysen 1988). For example, to maintain local charge balance
in peraluminous liquids, it has been proposed that either
triclusters form (Lacey 1963) and/or that some Al cations have
five or six O atom neighbors (Riebling 1966). The two mecha-
nisms may not be strictly independent, as the relatively long
cation-oxygen bonds expected for triclusters could allow a fifth
O atom into one or more of the cation coordination shells.

Recent high-precision measurements in aluminosilicate
melts suggest that because viscosity maxima are displaced from
the expected ideal “charge compensation” joins (i.e., where Na/
Al = 1 or Ca/Al = 0.5), excess non-bridging O atoms (NBO)
should be present (Toplis et al. 1997; Toplis and Dingwell 1998).
To maintain charge balance, either high-coordinated Al must
also be present and/or triclusters must form. Existing struc-
tural data on the corresponding glasses suggested low concen-
trations of [5]Al and [6]Al in these systems, and thus that the
latter mechanism predominates (Toplis et al. 1997). High-reso-
lution NMR of 17O in several “charge-compensated” glasses
on the CaAl2O4–SiO2 join has demonstrated that several per
cent of the O atoms are indeed NBO (Stebbins and Xu 1997;
Stebbins et al. 2001). Although 27Al NMR has now shown that
small amounts of [5]Al are also present in CaAl2Si2O8 glass, the
concentration of this species is too low to account for the ob-
served NBO (Stebbins et al. 2000). Hence, triclusters are still
called for. However, little direct spectroscopic evidence has
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ABSTRACT

We present 17O MAS NMR data for crystalline calcium dialuminate (grossite), CaAl4O7 and
monoaluminate, CaAl2O4. The first of these contains an oxygen tricluster site and serves as a model
compound for sites of this type in aluminosilicate glasses. Tricluster site NMR parameters are dis-
tinct from those of bridging O atoms (Al-O-Al), allowing partial resolution in triple quantum MAS
NMR spectra. Such spectra for calcium aluminosilicate glasses are consistent with the presence of a
small fraction of tricluster sites. Observed chemical shifts for non-bridging oxygen (NBO) atoms in
an impurity phase in the CaAl2O4 sample are distinct from those for NBO in Ca-aluminosilicate
glasses, indicating that the latter are primarily bonded to Si, not Al.

been presented for their existence, although speculation was
made about assigning an “extra” feature in the 17O spectra to
such groups (Stebbins and Xu 1997). Formation of triclusters
was also suggested to explain changes in Raman spectra of
CaAl2O4 melts at high temperature (Daniel et al. 1996). If
triclusters are present, compositional effects on viscosity
anomalies in the high silica part of the Na-aluminosilicate sys-
tem suggested that O(AlSi2) groups predominate, but that
O(Al2Si) and/or O(Al3) groups are most important in the Ca-
aluminosilicate system (Toplis et al. 1997; Toplis and Dingwell
1998). Local charge balance would seem to favor O(Al3), as in
crystalline mullite [Al2(Al2+xSi2–x)O10–x] (Angel et al. 1993).

To accurately interpret NMR results on glasses, data on rep-
resentative crystalline model compounds are needed, although
ab initio quantum mechanical calculations of NMR observables
such as isotropic chemical shift (δiso) and quadrupolar coupling
constant (CQ) and asymmetry parameter (η) are rapidly becom-
ing accurate enough to be predictive (Vermillion et al. 1998;
Xue and Kanzaki 1999). Calcium dialuminate (grossite,
CaAl4O7), in which one of four O sites is a simple tricluster
with three [4]Al and no other neighbors, is an excellent poten-
tial model for O(Al3) sites in Ca-aluminosilicate glasses. The
remaining O sites in CaAl4O7 all are “bridging O atoms” ([4]Al-
O-[4]Al), with one or two Ca2+ neighbors for charge compensa-
tion (Goodwin and Lindop 1970; Ponomarev et al. 1971), and
can serve as models for such sites in glasses as well.

Here we present 17O NMR data on CaAl4O7. We suggest
that these results for O(Al3) triclusters are consistent with their
presence in Ca-aluminosilicate glasses, although future work
will be needed to confirm this. New, higher resolution spectra
for CaAl2O4 at a field of 18.8 Tesla also clarify previous results
for [4]Al-O-[4]Al groups (Stebbins et al. 1999): this phase has a
“stuffed silica” structure in which all O atoms are in such link-
ages (Hörkner and Müller-Buschbaum 1976). In addition, new
results on NBO in Ca-aluminate crystals and glasses better re-
fine the role of these types of O atoms in glasses.


