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ABSTRACT

Molecular Dynamics (MD) simulations were used to study the relationship between
structure and transport properties in five liquids (NaAlO2, Na2Al2SiO6, NaAlSiO4, Na-
AlSi2O6, and NaAlSi3O8) in the system NaAlO2-NaAlSi3O8 at temperatures ranging from
4000 to 6000 K and pressures from 0 to 55 GPa. Seventy simulations were carried out in
the microcanonical ensemble using a simple pair-wise additive potential with Coulombic
interaction and Born-Mayer repulsion. Detailed study of the coordination of O and network
forming cations provides a master set of coordination environment or speciation curves.
These master curves were applicable to all compositions and temperatures and were most
explicit when compression (Vr/V; where Vr is the molar volume at a reference pressure)
was used as the independent variable. The universality implied that coordination environ-
ments for network atoms O, Al, and Si depend weakly upon Si/Al, T/O, or Na/T atomic
ratios for the compositions studied. Self-diffusion coefficients, computed from analysis of
mean-square displacements, were used to evaluate the activation enthalpy (Ha 5 Ea 1 PVa)
for self-diffusion for each species. The activation energy (Ea) for Na was independent of
composition, whereas Ea for O, Si, and Al increased as Si/Al increased. Activation volume
(Va) at pressure , 15 GPa was positive for Na and negative for O, Si, and Al and decreased
with increasing Si/Al for all species. An extension of the Adam-Gibbs-DiMarzio config-
urational entropy theory taking explicit account of [2]O and [3]O mixing explained both the
variation of the pressure-derivative of the shear viscosity as a function of composition and
the disappearance of ‘‘anomalous’’ viscosity behavior at P . ;25 GPa for all compositions
in the system NaAlO2-NaAlSi3O8.

INTRODUCTION

Silicate liquids play a significant role in several geo-
chemical and geophysical phenomena. Furthermore, the
nature of the liquid state remains unsolved in condensed
matter physics and bears critically on many technological
issues. Of great import is the relationship between the
atomic structure (microscopic scale) and the expression
of that structure in terms of bulk thermodynamic and
transport properties (macroscopic scale). To understand
diffusion, nucleation and crystal growth kinetics, melt
rheology, ionic conductivity, and the thermodynamic
properties of melts and glasses at a broad range of tem-
peratures, pressures and compositions, investigators have
applied a diverse array of laboratory, theoretical and sim-
ulation methods (e.g., Stebbins et al. 1995; Angell 1995).

Among the techniques used to explore the connection
between the dynamics and structure of a liquid, molecular
dynamics (MD) simulations offer the advantage of pro-
viding information on the location and velocity of indi-
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vidual atoms through time. Poole et al. (1995) summa-
rized the methods, strengths, and drawbacks of the MD
technique and its application to earth materials (Kubicki
and Lasaga 1990, for further detail). MD methodology
was detailed by Allen and Tildesley (1987). Details on
the particular implementation of MD used here were giv-
en previously (Rustad et al. 1990; Stein and Spera 1995,
1996; Bryce et al. 1997; Nevins and Spera 1998).

The goals of the present study were to examine chang-
es in computed structure and related properties at elevated
temperatures and pressures in melts in the system
NaAlO2-SiO2 and to compare computed values with re-
sults from laboratory experiments. Because SiO2 has been
extensively studied by MD (Woodcock et al. 1976; Mitra
1982; Erikson and Hostetler 1987; Feuston and Garofalini
1988; Kubicki and Lasaga 1988; Vessal et al. 1991; Rus-
tad et al. 1990; 1991 a,b,c, 1992; Della Valle and Ander-
sen 1992; Jin et al. 1993; Vashishta et al. 1996; Vollmayr
et al. 1996), we focused on five compositions between
albite and sodium aluminate. These included the com-
positions albite, NaAlSi3O8 (X0.75); jadeite, NaAlSi2O6

(X0.67); nepheline, NaAlSiO4 (X0.50); Na2Al2SiO6 (X0.33); and
sodium aluminate, NaAlO2 (X0) where X represents the


