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ABSTRACT

Spontaneous strains for the a ↔ b transition in quartz were determined from lattice
parameter data collected by X-ray powder diffraction and neutron powder diffraction over
the temperature range ;5–1340 K. These appear to be compatible with previous deter-
minations of the order parameter variation in a quartz only if there is a non-linear rela-
tionship between the individual strains and the square of the order parameter. An expanded
form of the 2-4-6 Landau potential usually used to describe the phase transition was
developed to account for these strains and to permit calculation of the elastic constant
variations. Calibration of the renormalized coefficients of the basic 2-4-6 potential, using
published heat capacity data, provides a quantitative description of the excess free energy,
enthalpy, entropy, and heat capacity. Values of the unrenormalized coefficients in the Lan-
dau expansion that include all the strain-order parameter coupling coefficients were used
to calculate variations of the elastic constants. Values of the bare elastic constants were
extracted from published elasticity data for b quartz. Calculated variations of C11 and C12

match their observed variations closely, implying that the extended Landau expansion
provides a good representation of macroscopic changes within the (001) plane of quartz.
Agreement was not as close for C33, suggesting that other factors may influence the strain
parallel to [001]. The geometrical mechanism for the transition involves both rotations and
shearing of SiO4 tetrahedra, with each coupled differently to the driving order parameter.
Only the shearing part of the macroscopic distortions appears to show the same temperature
dependence as other properties that scale with Q 2. Coupling between the strain and the
order parameter provides the predominant stabilization energy for a quartz and is also
responsible for the first-order character of the transition.

INTRODUCTION

Because of its geological and technological impor-
tance, quartz has attracted the attention of scientists in
diverse fields. Of particular interest have been the marked
changes in physical and thermodynamic properties that
accompany the a ↔ b transition. Relationships between
these properties are generally described using two differ-
ent approaches. Several authors have used the Pippard
equations for a l transition (Pippard 1956; Garland 1964)
to relate heat capacity, thermal expansion, and elastic
compliances (e.g., Hughes and Lawson 1962; Garland
1964; Klement and Cohen 1968; Coe and Paterson 1969;
Bachheimer and Dolino 1980; Dolino et al. 1983; Hosieni
et al. 1985; Dorogokupets 1995). Others have used stan-
dard Landau free energy expansions (Höchli and Scott
1971; Grimm and Dorner 1975; Bachheimer and Dolino
1975; Banda et al. 1975; Dolino and Bachheimer 1982;
Dolino et al. 1983; Salje et al. 1992). Landau theory may
be expected to fail in the close vicinity of a critical point
but should provide a valid description of the behavior
over many hundreds of degrees away from the transition

point. On the other hand, the Pippard equations were de-
signed to characterize thermodynamic properties as a
transition point is approached and do not necessarily rep-
resent the behavior over the wider temperature interval
(see discussion in Klement and Cohen 1968). Given the
amount of work that has been done on quartz, it is some-
what surprising that a comprehensive description of the
relationships among elastic constants, spontaneous strain,
and excess energy has not been published. Data for the
elastic constants have been available since the 1940s
(Atanasoff and Hart 1941; Atanasoff and Kammer 1948;
Kammer et al. 1948), and numerous studies of thermal
expansion appear in the literature (summarized in Ack-
ermann and Sorrell 1974; Bachheimer and Dolino 1975;
Ghiorso et al. 1979; Dolino and Bachheimer 1982). The
formal dependence of these properties on the driving or-
der parameter is also known (e.g., Höchli and Scott 1971;
Bachheimer and Dolino 1975), but values for the relevant
coupling coefficients have not been determined. The pri-
mary objective of the present paper is to fill this apparent
gap. High-temperature lattice parameters were redeter-


