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INTRODUCTION

Silicate perovskites of the form A2+SiO3 are probably in sig-
niÞ cant abundance in the Earth�s interior. In particular, silicate 
perovskites bearing Mg2+ and Ca2+ have attracted much attention 
because of their abundance in the lower mantle. Except for a 
minor tetragonal modiÞ cation of CaSiO3 peovskite (Shim et al. 
2002), only cubic and orthorhombic forms of silicate perovskites 
have been discovered. Recently, the presence of hexagonal 
perovskite (6H-BaTiO3 type) was found in strontium silicates 
at 35 GPa (Yusa et al. 2005), where Sr2+ takes the place of the 
A2+ cation. From the crystallographic aspect, the symmetry of 
such perovskites is associated with the ionic radii of divalent 
cations. The tolerance factor, t = (rA + rO)/√2(rSi + rO), where r 
denotes the ionic radii of each element, has been viewed as an 
indicator of this association. Perovskite with a cubic structure 
has a tolerance factor close to 1.0 (e.g., CaSiO3: t = 0.99), and 
hexagonal perovskite in SrSiO3 has a value greater than unity 
(t = 1.04). In light of the very large tolerance factor (t = 1.11) 
of BaSiO3, we decided to explore the systematics of the phase 
sequence of A2+SiO3.

The high-pressure transformation of BaSiO3 was reported by 
Shimizu et al. (1970). By analyzing the X-ray diffraction pattern 
of the recovered products, they recognized a new phase (BaSiO3 
II) appearing from 4.3 to 12.0 GPa at 840�1400 °C. However, 
they were not able to determine the crystal structure. No in-situ 
experiment has been done on BaSiO3 under high pressure. It is 
known that CaSiO3 and SrSiO3 perovskite cannot be recovered 
at ambient pressure due to amorphization during decompression. 

Hence, we tried to conduct in-situ X-ray diffraction experiments 
at pressures up to 53 GPa to examine the high-pressure phase 
of BaSiO3.

EXPERIMENTAL PROCEDURES
The starting sample of BaSiO3 was prepared from an equimolar mixture of 

BaCO3 and silicic acid (SiO2·11%H2O). The grinding mixture was heated in a plati-
num crucible that was kept in an electrical furnace at 1623 K for 18 h. The structure 
was identiÞ ed by X-ray diffraction methods as a structure of BaSiO3 (h) (Grosse 
and Tillmanns 1974a), which is the same as the structure of high-temperature 
BaGeO3 (Hilmer 1962). The sample was mixed with a small amount of platinum 
(less than 0.01 wt%) and put into a hole (0.1�0.15 mm in diameter) in a rhenium 
gasket, where it was compressed without a pressure medium in a diamond anvil 
cell (DAC). A few small grains of ruby pressure marker were put in the sample. 
The in-situ X-ray diffraction experiments were done under high pressure at SPring-
8 (Watanuki et al. 2001). The compressed sample was heated with the Nd:YLF 
laser at the beam line (BL-10XU). The focused beam (20 μm in diameter) scanned 
the whole sample area, usually for 30 minutes. The temperature was monitored 
by spectroscopic measurements of the radiation emitted from the sample during 
heating. An imaging plate (IP) and a charge-coupled detector (CCD) were used 
to detect the diffracted X-rays. The wavelength of the incident X-ray beam was 
tuned to 30 keV by using an Si(111) monochromater and was collimated to 20 μm 
in diameter at the sample position. A wide conical aperture of the tungsten carbide 
seats made it possible to collect Debye rings up to about 16�17° in 2θ. The Debye 
rings were converted with a computer program (Fit-2D; Hammersley 1997) into 
two- or one-dimensional X-ray proÞ les plotted as a function of 2θ. A ruby pressure 
scale (Mao et al. 1986) was used for the pressure determination.

RESULTS AND DISCUSSION

Hexagonal perovskite phases under high pressure
Table 1 summarizes the experimental conditions and the 

results of all the high P-T experiments. First, we set the tar-
get pressure to ca. 30 GPa, where the transition to hexagonal 
perovskite takes place in SrSiO3. During compression to 33.0 * E-mail: yusa.hitoshi@nims.go.jp
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ABSTRACT

Rhombohedral (9R) and hexagonal (6H) perovskites in BaSiO3 were observed by using in-situ 
X-ray diffraction methods in high-pressure conditions. The 9R perovskite was found after succes-
sive laser heating at 27.9 GPa, and the 6H phase was identiÞ ed at 48.5 GPa after laser annealing. 
No intermediate phase between the 9R and 6H phases was found in the pressure range between 27.9 
and 48.5 GPa. These phases could not be recovered during decompression at room temperature and 
became amorphous at ambient pressure. The 9R and 6H structures are characterized by the periodic-
ity of the stacking sequence of edge- and corner-sharing SiO6 octahedra. In terms of the length of the 
O-O distance, the face-sharing SiO6 octahedron in BaSiO3 perovskite is the most distorted among 
oxide hexagonal perovskites. 
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