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INTRODUCTION

Perovskites are of broad scientific interest perhaps because
of the range of chemical elements which can combine to form
the perovskite structure, the extent to which their properties
can be adapted for technological applications and the impor-
tance of silicate perovskites in determining the properties of
the bulk of the earth. Much attention has been paid to the al-
most ubiquitous occurrence of structural phase transitions. The
purpose of the present paper is to analyze the spontaneous
strains that accompany phase transitions in (Ca,Sr)TiO3

perovskites.
The transformation behavior of CaTiO3 was reviewed by

Redfern (1996) and Kennedy et al. (1999a), who remeasured
lattice parameter variations at high temperatures. They showed
that the orthorhombic (Pbnm ≡ Pnma) structure, which is stable
at room temperature, transforms to the cubic (Pm3–m) structure
via an intermediate tetragonal (I4/mcm) structure at a tempera-
ture in the vicinity of 1550 K. An additional intermediate phase
with Cmcm symmetry was also considered (Guyot et al. 1993;
Matsui et al. 1997; Kennedy et al. 1999a). The literature on
phase transitions in SrTiO3 is substantial, see reviews by Cowley
(1996), Salje et al. (1998), Ranjan et al. (1999) and Hayward
and Salje (1999). Description of the Pm3–m ↔ I4/mcm transi-
tion at ~106 K to a high degree of precision by a 246 Landau

free energy potential is most relevant to the present study (Salje
et al. 1998; Hayward and Salje 1999). The superstructures found
in CaTiO3-SrTiO3 solid solutions (Hirata et al. 1996; Ball et al.
1998; Ranjan and Pandey 1999; Qin et al. 2000) can be ex-
plained in terms of their development by displacive phase tran-
sitions (Ranjan et al. 1999). Ball et al. (1998) concluded that
an additional orthorhombic phase, which appears at intermedi-
ate compositions, has space group Bmmb (equivalent to con-
ventional Cmcm).

Spontaneous strains arising at phase transitions can provide
significant insights into the nature and mechanisms of the struc-
tural changes involved (see reviews by Salje 1993 and Carpen-
ter et al. 1998a). Strains on the order of ~0.001, or greater,
enhance long ranging interactions within a crystal and so pro-
mote mean-field types of thermodynamic behavior. The expec-
tation is that Landau theory should provide a basis for describing
such transitions quantitatively. Furthermore, in their correct
symmetry-adapted forms, the spontaneous strains provide an
indication of how the driving order parameter for a transition
actually evolves. Whereas the order parameter, itself, is a diffi-
cult property to measure, lattice parameters are routinely de-
termined to high precision by X-ray and neutron diffraction
methods. Lattice parameter data exist for CaTiO3-SrTiO3

perovskites but were not previously subjected to this type of
analysis. Results of Mitsui and Westphal (1961), Redfern
(1996), Ball et al. (1998), Kennedy et al. (1999a), and Qin et
al. (2000) are examined here. Given that the difference in ionic* E-mail address: mc43@esc.cam.ac.uk
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ABSTRACT

A single Landau free energy expansion is used to describe phase transitions in perovskites, from
a cubic parent structure to tetragonal and orthorhombic structures with space groups related to the
M3 and R25 points of the Pm3–m reciprocal lattice. This expansion permits relationships between
symmetry-adapted forms of the spontaneous strain and individual order parameter components to be
predicted. Data from the literature for (Ca,Sr)TiO3 perovskites are analyzed in the light of these
predictions. Shear strains for I4/mcm, Pnma, and Cmcm structures tend to conform to the predicted
pattern. The Pm3–m ↔ I4/mcm transition has nearly tricritical character as a function of temperature
in CaTiO3 and more nearly second-order character as a function of composition at the Sr-rich end of
the solid solution. Coupling with the volume strain appears to be both temperature and composition
dependent, which may be a general feature of phase transitions in perovskites. Renormalization of
fourth-order terms by changing the volume coupling coefficients could be responsible for the un-
usual order parameter evolution shown by CaTiO3 and for changes in thermodynamic character of
the phase transitions as a function of composition. The pattern of strain variations also correlates
closely with patterns of variations in heat capacity from the literature, suggesting revisions to the
subsolidus phase diagram for the (Ca,Sr)TiO3 solid solution above room temperature.


