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INTRODUCTION

An understanding of the energetics of various ordering
schemes in NaAlSi3O8 is essential for a full description of the
high- to low-albite transition and also for explaining the trans-
formation behavior of the plagioclase feldspars [a solid solu-
tion between albite (NaAlSi3O8) and anorthite (CaAl2Si2O8)]
(Dove et al. 1995). McConnell et al.’s (1997) application of ab
initio methods to the kalsilite (KalSiO4) structure show that
there are two principal contributions to disorder enthalpy (1) a
Coulombic contribution from misplaced charge deficiency on
the (adjacent) aluminum ions and (2) strain effects associated
with the unequal size of the SiO4 and AlO4 tetrahedra. Some-
what surprisingly, no chemical interaction was found between
adjacent Al-containing tetrahedra in the disordered kalsilite
structure in the sense that the bonding charge density within an
aluminum containing tetrahedron was quite unaffected by the
substitution of Al for Si in an adjacent tetrahedron. McConnell
et al. (1997) also showed that empirical methods consistently
overestimate the coulombic contribution to the ordering en-
ergy for Al/Si exchange in similar structures by approximately
0.1 eV.

This paper builds on the previous ab initio results by exam-
ining the relative enthalpies of possible ordered NaAlSi3O8

structures. In principle, albite (NaAlSi3O8) may choose to or-
der Al on either the T1 or T2 sites because these are energeti-
cally inequivalent. (Ordering on the basis of T10 or T1m sites in
albite are energetically equivalent operations because the re-
laxed ordered lattices are simply mirror images of one another).
Our previous ab initio results on disordering energies suggest
that in the case of T1 and T2 versions of the sodium feldspar

structure, there may be a differential coulombic effect depend-
ing on the nature of the charge balance achieved by the sodium
ions, but that a differential effect of comparable or greater
magnitude may be associated with the possibility of different
modes of strain accommodation in the ordering of the larger
AlO4 tetrahedra in the T1- and T2-ordered trial structures. The
previous ab initio results did suggest that the role of the large
cation (potassium) in the framework structure of kalsilite was
not particularly important because the results in jellium (a uni-
form background charge) computer experiments differed little
in enthalpy from those with potassium ions.

Because the T1 and T2 Al-ordered NaAlSi3O8 structures con-
sidered here are triclinic, relaxation phenomena in the two al-
ternatively ordered structures may, in principle, involve all six
lattice constants. However, if one considers relaxation in terms
of (1) relaxation associated with T1 or T2 Al-ordering in the
tetrahedral framework structure and (2) the effect on the struc-
ture of the accommodation of the sodium ion, it is possible to
be somewhat more specific. Albite with a disordered Al/Si dis-
tribution is monoclinic at high temperatures (potassium feld-
spar is also monoclinic over much of its stability range) and
hence the ordering of Al on either of the sites T1 or T2 leads
principally to a triclinic distortion in the form of a deviation
from 90° of the α and γ lattice angles. Alternatively, the ac-
commodation of the sodium ion in principle need not be intrin-
sically associated with an inherent, and symmetry controlled,
triclinic distortion.

Here, both ab initio and empirical potential methods are used
to model the alternative T1 and T2 Al-ordered NaAlSi3O8 struc-
tures. As shown below, the energy differences between these
are extremely small, it is appropriate to indicate the value and
limitations of each of the two techniques. Empirical potentials
methods model the interatomic forces using a simple param-
eterized formula. Values of the adjustable parameters are gen-
erated by fitting to a range of known silicate structures (Catlow

* Present address: Department of Materials Science, Parks
Road, Oxford OX1 3PH, U.K.
† E-mail: Keith.Refson@earth.ox.ac.uk

The ab initio study of the stability of low temperature Al/Si ordered albite, NaAlSi3O8

STEVEN D. KENNY,* J. DESMOND C. MCCONNELL, AND KEITH REFSON†

Department of Earth Sciences, Parks Road, Oxford OX1 3PR, U.K.

ABSTRACT

The energetics of different ordering schemes for NaAlSi3O8 (albite) were investigated by both
empirical potential and ab initio methods. These computations indicate that the ordered structure of
natural low albite, in which aluminum atoms reside on the T10 site, is favored by 30 meV (2.9 kJ/
mol) over the corresponding structure in which aluminum atoms are ordered onto the T20 site. Per-
missible lattice relaxation of the T10 structure, with an associated substantial decrease in the γ lattice
angle, is unique to the T10 structure and appears to be responsible for its substantially lower enthalpy.


