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Rietveld refinement of Ca2TiSiO6 perovskite
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ABSTRACT

The structure of the high-pressure cubic double perovskite Ca2TiSiO6 was refined using
synchrotron X-ray powder data [S.G. Fm3m, a 5 7.4105(1) Å, Z 5 4]. Ti and Si are fully
ordered into alternating octahedra in the perovskite framework, with Ca occupying a tet-
rahedrally distorted cuboctahedron. The cation-anion bond lengths are Ti-O 5 1.947(3) Å,
Si-O 5 1.758(3) Å, and Ca-O 5 2.622(1) Å.

INTRODUCTION

The double perovskite Ca2TiSiO6 (Leinenweber et al.
1997), midway along the join between CaTiO3 and
CaSiO3, is the first double perovskite with silicon as one
of the octahedral cations. Despite the large amount of
research devoted to silicate perovskites, few examples are
known. Ca2TiSiO6 perovskite is also interesting as a rel-
ative of CaSiO3 perovskite, an unquenchable high-pres-
sure phase that might be better understood through stud-
ies of Ca2TiSiO6.

Double perovskites form a large family of materials,
with approximately 300 examples given in a recent re-
view (Anderson et al. 1993). Their structures are made
up of a framework of corner-linked octahedra similar to
that of ABO3 perovskites, but with the B cations ordered
onto two distinct octahedral sites, leading to the stoichi-
ometry A2B9B0O6. The B9 and B0 cations form a face-
centered array like that of Na and Cl in rock salt. The
ordering leads to a reduction in symmetry from Pm3m
with cell parameter a (ABO3 perovskite), to an Fm3m cell
with cell parameter 2a (A2B9B0O6 perovskite) (Steward
and Rooksby 1951). The structure of the Fm3m double
perovskite is specified by the unit-cell parameter and an
oxygen-position parameter that defines the sizes of the
two different octahedra.

In the present work, the structure of Ca2TiSiO6 is re-
fined using powder X-ray data collected with synchrotron
radiation to determine the a unit-cell parameter, oxygen
position, and displacement parameters. The structure is
then compared with some other silicate and titanate
perovskites.

EXPERIMENTAL METHODS

The sample of Ca2TiSiO6 perovskite is the same as that
described in a recent high-pressure reconnaissance study
of the CaTiO32CaSiO3 join (Leinenweber et al. 1997).
High-purity CaSiO3 and CaTiO3 (Aldrich) were combined
and treated for 5 h at 14 GPa and 1200 8C in the 2000
ton uniaxial split-sphere apparatus (USSA-2000) at State

University of New York, Stony Brook. Following the
heating, the sample temperature was quenched in a few
seconds, and pressure was released in about 10 h. Powder
X-ray patterns, Raman spectroscopy, and TEM showed
majority conversion to a single phase of ordered perov-
skite, with minor regions (,10% of the sample) appar-
ently having different ordering schemes in the double pe-
rovskite cell, as evidenced by reflections violating Fm3m
symmetry in electron-diffraction patterns collected from
these regions.

Synchrotron X-ray powder diffraction data, shown in
Figure 1, were collected over the range 2u 5 11.128 to
74.08 at ambient pressure and 298 K, in high-resolution
mode, using a Si(111)-Ge(220) channel-cut monochro-
mator-crystal analyzer combination at the X7-A beamline
of the National Synchrotron Light Source, Brookhaven
National Laboratory (Cox et al. 1988; Cox 1992). The
wavelength [l 5 1.15032(2) Å] was calibrated using a Si
standard (a 5 5.430825 Å). To account for sample ab-
sorption, the technique of Hewat (1979) was used: The
packing density of the material (30%) was determined by
weighing the capillary before and after loading and mea-
suring the capillary diameter (0.50 mm). The Debye-Wal-
ler factor B was corrected (DB 5 0.7134 Å2) using a
calculated absorption coefficient of 241.8 cm21 for
Ca2TiSiO6.

The data confirmed the earlier observation of a powder
diffraction pattern that was dominated by reflections from
a primitive cubic perovskite unit cell with a ; 3.7 Å. No
obvious splitting of these peaks occurred to indicate a
symmetry lower than isometric. The weaker superlattice
reflections consistent with the doubled F-centered cubic
cell with a 5 7.4105(1) Å were also clearly present. The
peak widths of the ordering reflections were consistent
with those of the primitive reflections, indicating that both
sets of peaks can be assigned to a single phase.

Weaker reflections were observed at positions consis-
tent with a doubled primitive cubic perovskite cell (i.e.,
violating F-centering); the strongest of these latter reflec-


