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INTRODUCTION

Interest in members of the CaTiO3-SrTiO3 solid solution
arises from its ferro- and dielectric properties (Lemanov 1997;
Dec and Kleemann 1998; Kleemann et al. 1998) and from the
possibility of using this system to form ceramics in which to
immobilize radioactive waste elements (Ringwood 1985). Al-
though it is known that CaTiO3 and SrTiO3 form a complete
solid solution (Ceh et al. 1987), the sequence of phases across
the solid solution at room temperature has recently been the
subject of some debate (Hirata et al. 1996; Ball et al. 1998; Qin
et al. 2000; Ranjan and Pandey 2001). For some time it has
been known that at room temperature the CaTiO3 end-member
is orthorhombic with space group Pnma, while SrTiO3 is cubic
with space group Pm3m. Several authors reported the exist-
ence of a tetragonal phase with symmetry I4/mcm for XSr be-
tween 0.65 and 0.9 (Mitsui and Westphal 1961; Ball et al. 1998;
Qin et al. 2000). Ball et al. (1998) concluded from X-ray pow-
der diffraction experiments that an additional orthorhombic
phase is present in the range 42–62% SrTiO3, between the tet-
ragonal phase and the orthorhombic Ca end-member phase, to
which they assigned the space group Cmcm. Data from the lit-
erature for the location of transitions between these structures
as a function of temperature and composition are summarized
in Figure 1 (after Carpenter et al. 2001). However, Howard et
al. (2001) and Ranjan et al. (2001) have shown by electron
diffraction that the space group of thin plates of crystals with
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ABSTRACT

Powder infrared spectra of perovskites across the CaTiO3-SrTiO3 solid solution have been col-
lected at room temperature for the range 20–700 cm–1. Frequency, intensity, and line broadening
parameters vary with a pattern that appears to follow the development of the orthorhombic shear
strain for the Pnma structure. The data are at least consistent with the Pm3m ´ I4/mcm transition at
Sr-rich compositions being continuous in character and the tetragonal ´ orthorhombic transition at
~62% SrTiO3 content being discontinuous. In spite of the fact that crystals with intermediate com-
position have recently been shown to have Pnma rather than Cmcm symmetry, autocorrelation analysis
of their IR spectra shows that they have features which distinguish them from crystals with Pnma
symmetry for CaTiO3 rich compositions. In particular, crystals of intermediate composition have the
highest values of the line broadening parameter, Dcorr, for the solid solution, suggesting that they
are characterized by relatively high degrees of local structural heterogeneity.

intermediate composition is Pnma, rather than Cmcm. The ob-
jectives of the present study were to investigate the structural
evolution on a microscopic length scale and to characterize
further the unusual behavior around the 1:1 composition of the
solid solution.

Macroscopic strains due to phase transitions in the CaTiO3-
SrTiO3 system have been analyzed recently by Carpenter et al.
(2001), and the results for room temperature are shown in Fig-
ure 2. They are reproduced here to permit comparison with
microscopic strain behavior interpreted from the new spectro-
scopic measurements. Lattice parameter variations of the re-
duced cubic unit cell across the solid solution (data from Qin et al.
2000) are shown in Figure 2a. The lattice parameter a0 for a cubic
reference state is shown as a solid line and is given by:
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where XCa represents the CaTiO3 content in mol%. Symmetry-
adapted strains were calculated according to:
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for the tetragonal structure and according to:
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for the Pnma structure. The strains e4, etz, etx, and ea are defined
as follows:


