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INTRODUCTION

The extent of framework cation disorder in aluminosilicate 
glasses and liquids is closely linked to their thermodynamic and 
transport properties. The ordering of framework cations such 
as Si4+ and Al3+ is often described in terms of Loewenstein�s 
(1954) �Al-avoidance� principle, which postulates that Al-O-Si 
linkages are more favorable than a combination of Si-O-Si and 
Al-O-Al. Partial to nearly complete ordering of Si4+ and Al3+ 
via �Al-avoidance� is well-known to operate in minerals such 
as feldspars, zeolites, and cordierite due in part to the difÞ culty 
of charge balancing Al-O-Al oxygen, especially with large, low-
charge cations (Putnis and Angel 1985; Putnis et al. 1985, 1987; 
Phillips et al. 1992; Phillips and Kirkpatrick 1994; Neuhoff et al. 
2003). At high temperature, however, the non-inÞ nite value of 
the enthalpy of rearranging framework-cation�oxygen bonds 
permits the formation of Al-O-Al linkages in some feldspars and 
in metastable disordered phases of β-eucryptite and cordierite, 
as demonstrated by both theoretical (Navrotsky et al. 1985; 
Tossell 1993; McConnell et al. 1997) and experimental stud-
ies (Putnis and Angel 1985; Phillips et al. 1992, 1997, 2000; 
Benna et al. 1999).

In aluminosilicate liquids at high temperature, in contrast, 
a largely disordered atomic-scale structure is suspected; con-
sequently, models of aluminosilicate melts generally assume a 
random distribution of Si4+ and Al3+ (Weill et al. 1980; Ghiorso 
et al. 1983, 2002; Ghiorso and Sack 1995). In silicate and alu-

minosilicate glasses, considerable evidence for Al/Si ordering 
has been found, at least in compositions near Al/Si = 1 where 
ordering is most obvious, although it has been pointed out that 
non-negligible amounts of disordering in these glasses illustrates 
that �Al-avoidance� is not a rigid principle (De Jong et al. 1983; 
Murdoch et al. 1985). Recently, Al/Si ordering in alkali and 
alkaline earth aluminosilicate glasses has been inferred from 
29Si MAS NMR data (Lee and Stebbins 1999). It has also been 
observed directly and quantiÞ ed using 17O 3QMAS NMR, in 
which peaks corresponding to Al-O-Al, Al-O-Si, and Si-O-Si 
oxygen sites are partially to fully resolved (Lee and Stebbins 
2000a, 2000b). The ordering observed in these studies represents 
that of the liquid structure at the glass transition temperature (Tg), 
implying that structural modiÞ cations must occur with increasing 
temperature in aluminosilicate melts if network cation distribu-
tions are to approach the statistically random values predicted 
by ion and molecular dynamics simulations for temperatures 
in excess of 4000 K (Scamehorn and Angell 1991; Stein and 
Spera 1995a).

Atomic-scale glass and melt structure is tied to the conÞ gu-
rational entropy (Sconf), which controls the conÞ gurational heat 
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been suggested that changes in Al-Si ordering with temperature 
may contribute signiÞ cantly to Sconf and hence to CP

conf (Richet et 
al. 1990; Toplis et al. 1997; Scamehorn and Angell 1991; Stein 
and Spera 1995b). For example, the Sconf datum for NaAlSiO4 at 
Tg leaves very little room for Al-Si disordering, possibly indicat-
ing that the observed increase in CP with T in the liquid is due to * E-mail: evd@pangea.stanford.edu
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ABSTRACT

The effect of temperature on the structure of LiAlSiO4 and NaAlSiO4 liquids has been studied by 
17O 3QMAS NMR spectroscopy using glass samples prepared with different Þ ctive temperatures. 
The abundance of Al-O-Al and Si-O-Si bridging O linkages increases with increasing Þ ctive tem-
perature, indicating that the reaction 2 Al-O-Si ↔ Al-O-Al + Si-O-Si shifts to the right with increas-
ing temperature in the liquid. The observed temperature dependence of Al-O-Al species abundance 
allows us to estimate the ΔH of this reaction to be 28.8 ± 11.3 kJ/mol for NaAlSiO4 glasses and 31.7 
± 13.3 kJ/mol for LiAlSiO4 glasses. Extrapolating our results to higher temperature, we estimate 
that 13�18% of the bridging O atoms occur as Al-O-Al in NaAlSiO4 and 15�25% in LiAlSiO4 at 
~2000 K, as compared to 25% Al-O-Al predicted by a statistically random bridging O distribution 
in compositions with an Al/Si ratio of 1. Using the experimental data to estimate the contribution to 
conÞ gurational heat capacity from Al/Si disordering in NaAlSiO4 liquid, we Þ nd that redistribution of 
bridging O species with increasing temperature produces a negative dCP/dT above the glass transition 
and therefore cannot account for the observed positive dCP/dT. We discuss a generalized mechanism 
for structural rearrangement characterized by a small initial species concentration at Tg and a large 
ΔH, which produces a positive dCP/dT. 

Keywords: NMR spectroscopy, 17O 3QMAS NMR, alkali aluminosilicate glasses, melts, melt 
structure, enthalpy, conÞ gurational heat capacity, framework cation, order-disorder, Al/Si, bridging 
oxygen, non-bridging oxygen, network former, termperature effect, Þ ctive temperature, quench rate 


