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ABSTRACT

A lattice-dynamical treatment of displacive phase transitions leads naturally to the soft-
mode model, in which the phase-transition mechanism involves a phonon frequency that
falls to zero at the transition temperature. The basic ideas of this approach are reviewed
in relation to displacive phase transitions in silicates. A simple free-energy model is used
to demonstrate that Landau theory gives a good approximation to the free energy of the
transition, provided that the entropy is primarily produced by the phonons rather than any
configurational disorder. The ‘‘rigid unit mode’’ model provides a physical link between
the theory and the chemical bonds in silicates and this allows us to understand the origin
of the transition temperature and also validates the application of the soft-mode model.
The model is also used to reappraise the nature of the structures of high-temperature
phases. Several issues that remain open, such as the origin of first-order phase transitions
and the thermodynamics of pressure-induced phase transitions, are discussed.

INTRODUCTION

The study of phase transitions extends back a century
to the early work on quartz, ferromagnets, and liquid-gas
phase equilibrium. Given the importance of quartz to
mineralogy, one can say that the history of the study of
phase transitions in minerals is as old as the very subject
of phase transitions itself (Dolino 1990). Yet despite this
historical link, much of the progress in our understanding
of phase transitions developed in the fields of solid-state
physics and solid-state chemistry has not, until recently,
had a great impact in mineralogy and mineral physics,
even though the catalog of minerals is riddled with phase
transitions. The different types of phase transitions found
in minerals are similar in many respects to the phase tran-
sitions observed in ionic, metallic, and molecular crystals,
and they include displacive phase transitions, cation or-
dering transitions (for example, Al-Si and Na-K), and or-
ientational order-disorder phase transitions. Several ex-
amples of the different types of phase transitions
observed in minerals are given in Appendix 1, some of
which are illustrated in Figure 1.

This review article is primarily concerned with displa-
cive phase transitions, which involve only small motions
of atoms to change the symmetry of a crystal structure.
My aim is to present, in a simplified manner, some of the
theoretical ideas that underpin the recent applications of
solid-state physics to the study of displacive phase tran-
sitions in minerals. Examples are the phase transitions
observed in quartz, cristobalite, and leucite, which are

represented in Figure 1. In each case, the phase transitions
involve small translations and rotations of the (Si,Al)O4

tetrahedra. One of the most popular of the new devel-
opments in the theory of displacive phase transitions in
minerals is the use of Landau theory to describe the ther-
modynamics of phase transitions (Putnis 1992; Salje
1990a, 1991a, 1991b, 1992a). This theory gives a phe-
nomenological framework to describe the temperature de-
pendence of a range of thermodynamic and physical
quantities, and provides a link between different experi-
mental measurements. It also explains the physical back-
ground behind Landau theory. In the case of displacive
phase transitions, the idea of the soft mode, namely a
phonon mode with a frequency that falls to zero at the
phase transition, is of some importance, and I will show
how this comes about and how it is linked in with Landau
theory. Tied in with the use of new theoretical methods
are new experimental approaches, including vibrational
spectroscopy (Iqbal and Owens 1984; Salje 1992b) and
neutron scattering (Axe 1971; Dorner 1982; Skold and
Price 1986; Ghose 1988), and I hope that one positive
aspect of this article is to promote wider use of these
techniques. I also hope that another message of this ar-
ticle is that the flow of ideas between solid-state physics
and mineralogy need not be seen as one-way only, we
have in the family of silicates a class of materials that
can provide new insights into phase-transition phenomena
that will surely have more general applications in the
fields of solid-state physics and chemistry.

The study of phase transitions is full of technical points


