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Compression of CaTiO3 and CaGeO3 perovskites
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ABSTRACT

High-pressure single-crystal X-ray diffraction measurements of CaTiO3 and CaGeO3 pe-
rovskite have been carried out to 9.7 and 8.6 GPa, respectively, at room temperature. Fitting
a third-order Birch-Murnaghan equation-of-state to the P-V data yields values of V0 5
223.764 6 0.017 Å3, KT,0 5 170.9 6 1.4 GPa, and K9 5 ]K/]P 5 6.6 6 0.3 for CaTiO3 and
V0 5 206.490 6 0.017 Å3, KT,0 5 194.0 6 2.1 GPa, and K9 5 6.1 6 0.5 for CaGeO3. A
similar analysis of the axial compressibilities shows that the degree of anisotropic compres-
sion in both perovskites is less than 10%. In CaTiO3 the a and b axes have similar com-
pressibilities (Ka 5 168.7 6 2.1 GPa, Kb 5 168.3 6 1.9 GPa) whereas the c axis is the least
compressible (Kc 5 175.3 6 1.5 GPa). In CaGeO3, the b axis (Kb 5 188 6 4 GPa) and the
a axis (Ka 5 195 6 5 GPa) are more compressible than the c axis (Kc 5 204 6 3 GPa).
The variations with pressure of all axes show significant curvature with increasing pressure
and have K9 values ranging from 5.7 6 0.5 to 7.0 6 0.4 in CaTiO3 and 5.0 6 0.9 to 6.9 6
1.2 in CaGeO3. No phase transition was detected. There is evidence, however, that in CaGeO3

the tetragonal to orthorhombic spontaneous strain decreases slightly with pressure which
may indicate that a phase transition occurs at a pressure above 10 GPa. Elasticity trends of
Ca-perovskites relating bulk modulus and molar volume are independent of both the degree
of distortion from cubic symmetry and the symmetry of the structure.

INTRODUCTION

Many ABO3 compounds with the perovskite structure
exhibit orthorhombic Pbnm symmetry under ambient
conditions and are isotypic with GdFeO3. Of this group
of perovskites, the A21-B41 perovskites are of particular
interest to earth scientists because the lower-mantle in-
ventory of Mg21 and Ca21 is believed to be contained in
the silicate perovskites MgSiO3 and CaSiO3. MgSiO3 is
an orthorhombic GdFeO3-type perovskite at high pres-
sures and temperatures (Funamori et al. 1996), whereas
CaSiO3 has the ideal cubic structure with Pm sym-3̄m
metry (Wang et al. 1996). The degree of distortion from
the ideal cubic structure can be described by the tilting
of the [BO6] octahedra. Sasaki et al. (1983) showed that
this tilting varies systematically with the size-ratio of the
cations occupying the dodecahedral site (A21 cation) and
octahedral site (B41 cation). The tilting of the octahedra
may change with increasing pressure and/or temperature
leading to phase transformations from orthorhombic
symmetry.

Both the mineral perovskite, CaTiO3, and CaGeO3 with
the perovskite structure (which is stable at pressures
greater than 6 GPa) are GdFeO3-type perovskites (Sasaki
et al. 1983, 1987). With increasing temperature, CaTiO3

undergoes a transition from the room temperature ortho-
rhombic (Pbnm) structure to a tetragonal (I4/mcm) poly-
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morph between 1373–1423 K followed by a transfor-
mation to the cubic (Pm ) aristotype at 1523 K3̄m
(Redfern 1996). High-temperature X-ray powder diffrac-
tion experiments by Liu et al. (1991) suggested that
CaGeO3 perovskite undergoes a phase transition at 520
K to a structure tentatively identified as having Cmcm
symmetry, although high-temperature Raman scattering
experiments showed no evidence for either a phase tran-
sition or soft-mode behavior between room temperature
and 923 K (Durben et al. 1991).

In a high-pressure study, Xiong et al. (1986) reported
that CaTiO3 transforms into a hexagonal phase at approx-
imately 10 GPa at room temperature on the basis of in
situ X-ray diffraction, but Gillet et al. (1993) found no
significant changes in the Raman spectrum of CaTiO3 pe-
rovskite to 21 GPa at room temperature. High-pressure
EXAFS spectra of CaGeO3 perovskite suggest that the
structure becomes less distorted with increasing pressure,
leading to a phase transition to a tetragonal structure at
about 12 GPa (Andrault and Poirier 1991). However,
changes in the tilt angle and Ge-Ge distance are compa-
rable to the experimental uncertainty. Lu and Hofmeister
(1994), moreover, found no evidence of a phase transition
to tetragonal symmetry from far-infrared spectra collected
to 24.4 GPa. This study undertakes high-pressure, single-
crystal X-ray diffraction measurements of CaTiO3 and
CaGeO3 perovskite to clarify whether any phase transi-
tions occur with increasing pressure and to compare their


