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INTRODUCTION

Conventional models of ambient pressure aluminosilicate 
melt and glass structure assume that all aluminum is tetrahedrally 
coordinated ([4]Al) when the composition is metaluminous (e.g., 
mole fractions of Na2O and Al2O3 are equal) or peralkaline (e.g., 
mole fractions of Na2O are greater than Al2O3) (Mysen 1988, 
2003). A few previous theoretical and experimental studies have 
shown that small amounts of high-coordinated Al ([5]Al and [6]Al) 
exist in some peralkaline (Stebbins and Farnan 1992; Poe et al. 
1994; Allwardt et al. 2003) and metaluminous glasses (McMillan 
and Kirkpatrick 1992; Stebbins et al. 2000; Toplis et al. 2000; 
Neuville et al. 2004). These structural species have been sug-
gested to be an energetically favorable transition complex for 
viscous ß ow in aluminosilicate melts, similar to [5]Si in silicate 
melts (Stebbins 1995a; Toplis et al. 2000).

Spectroscopic studies of glasses have shown that the coor-
dination numbers of network formers (e.g., Si, Al, B) gradually 
increases with increasing pressure (Xue et al. 1991; Yarger et al. 
1995; Du et al. 2005). Mineral phase analysis, molecular dynam-
ics, and nuclear magnetic resonance (NMR) investigations have 
all shown that Al is more susceptible to increasing coordination 
with pressure than Si in aluminosilicates (Waff 1975; Yarger et al. 
1995). This increase in the average Al coordination is one manner 
in which the melt can accommodate increasing densiÞ cation with 
pressure. These structural changes are likely responsible for the 
anomalous pressure dependence of physical properties such as 
ionic diffusion and viscosity, which correlate to [5]Al concentra-
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tions measured in quenched melts (Poe and Rubie 2000). 
Most of the previous work on the structure of high-pressure 

aluminosilicate glasses has concentrated on charge-balanced 
glasses, such as NaAlSi3O8, due to the relatively good glass-
forming ability and low melting temperature relative to other 
aluminosilicates (Mysen et al. 1980, 1983; McMillan and Gra-
ham 1981; Hochella and Brown 1985). However, none of this 
early work detected a coordination change of Al in high-pressure 
glasses, even at pressures to 4 GPa. A slightly more recent alumi-
num-27 magic-angle spinning (27Al MAS) NMR study (9.8 and 
11.4 T) observed a tetrahedral Al peak that possibly contained 
two small discontinuities in the �tail� at approximately 25 and 
0 ppm and used this to suggest the presence of [5]Al and [6]Al 
species, respectively, in NaAlSi3O8 glasses quenched from a 
liquid at 8 and 10 GPa (Stebbins and Sykes 1990). A recent 27Al 
triple-quantum (3Q) MAS study (7.1 T) has conÞ rmed the pres-
ence of [5]Al in glasses synthesized at 8 GPa, but did not detect 
[6]Al (Lee 2004). Additionally, Al K-edge XANES spectra have 
been used to suggest that the average Al-coordination is greater 
than four in several high-pressure (4.4 GPa) glasses along the 
NaAlSi3O8-NaAlSi2O6 join (Li et al. 1996).

Non-bridging oxygen (NBO) atoms are bonded to only one 
tetrahedrally coordinated network former (e.g., [4]Si-O�) where 
the rest of the valence charge of the oxygen is associated with 
�softer� network modiÞ er-oxygen bonds (e.g., Na+-O). NBO 
have been shown to be important in the generation of high-co-
ordinated species in aluminosilicate glasses (Yarger et al. 1995; 
Lee 2004) as well as in Al-free silicate glasses (Xue et al. 1991; 
Wolf et al. 1990; Allwardt et al. 2004). A previous 27Al MAS 
NMR study showed that Al-coordination gradually increases with 


