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Single-crystal X-ray diffraction study of CaIrO3
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inTroducTion

The CaIrO3-type post-perovskite structure of MgSiO3 has 
been shown experimentally and theoretically to occur at the 
temperature and pressure conditions of D" layer of the lowest 
Earth’s mantle, extending to 2700~2900 km depth (Murakami 
et al. 2004; Tsuchiya et al. 2004; Oganov and Ono 2004; Iitaka 
et al. 2004; Mao et al. 2004; Ono and Oganov 2005; Wentzco-
vitch et al. 2006; Shieh et al. 2006). The discovery of the post-
perovskite phase has attracted considerable attention because 
of its potential relevance to the D" layer. It has been inferred 
that the post-perovskite phase assumes platy crystal habit, with 
shortest direction parallel to the (010) plane, suggested from the 
sheet-stacking structure. Preferred orientation in this structure 
is an additional potential source of the anisotropy in D" region 
(Murakami et al. 2004; Tsuchiya et al. 2004; Oganov and Ono 
2004; Merkel et al. 2006; Wentzcovitch et al. 2006). Pressure-
induced phase transitions leading to the CaIrO3-type structures 
have been reported in other familiar compounds, including 
MgGeO3, MnGeO3, Fe2O3, Al2O3, Mn2O3, and NaMgF3 (Hirose 
et al. 2005; Kubo et al. 2006; Tateno et al. 2006; Caracas and 
Cohen 2005; Oganov and Ono 2005; Tsuchiya et al. 2005; Ono 
and Ohishi 2005; Ono et al. 2006; Santillan et al. 2006; Liu et al. 
2005; Martin et al. 2006a, 2006b). CaIrO3-type phases of these 
compounds are unquenchable to ambient conditions.

Phase relations and thermodynamic properties of compounds 
in the ternary systems Ca-X-O in air, where X is a metal from 
the platinum group, were investigated extensively because Pt-
group metals are used for materials of melting pot and other 
high-temperature applications (Mcdaniel and Schneider 1972; 
Jacob et al. 1999). In the Ca-Ir-O system, three ternary com-
pounds CaIrO3, Ca2IrO4, and Ca4IrO6 have been identified at 
high temperature (Mcdaniel and Schneider 1972). The compound 
CaIrO3 dissociates to Ir and Ca2IrO4 at 1408 K (McDaniel and 
Schneider 1972). The structure of CaIrO3 was proposed by Rodi 
and Babel (1965), based on a single-crystal experiment, but the 
atomic coordinates reported in the paper are not correct. It is 
known that TlPbI3, FeUS3, AgTaS3, ThMnSe3, and UMnSe3 (Noel 
and Padiou 1976; Wada et al. 1992; Kim et al. 1997; Ijjaali et al. 
2004) have the same structure at ambient conditions.

The CaIrO3 structure type is very important for understand-
ing the structure and properties of the Earth’s lowest mantle, 
therefore detailed knowledge of the structure is important not 
only for high-temperature and high-pressure crystal chemistry, 
but also for understanding the Earth’s mantle. In this study, single 
crystals of CaIrO3 were obtained by a flux method. The crystal-
structure parameters, including the anisotropic displacement 
parameters, were determined based on a single-crystal X-ray 
diffraction experiment.

experiMenTal MeThods
Single crystals of CaIrO3 were grown from a tenfold excess eutectic flux of 

CaCl2 under atmospheric conditions. Reagent Ca(OH)2 and Ir were used. The 

absTracT

Single crystals of CaIrO3 were prepared via flux growth method. Crystal structure parameters, 
including the anisotropic displacement parameters, are determined based on a single-crystal X-ray 
diffraction experiment. The unit-cell dimensions are a = 3.147(2), b = 9.866(6), and c = 7.302(5) Å. 
The structure is a three-dimensional dense structure with small vacant spaces. The CaIrO3 structure 
can be described as a pseudo-one-dimensional oxide and is compared with Ca4IrO6 structure. The IrO6 
octahedra are significantly distorted, in contrast to other octahedral Ir4+ compounds. The O-O distances 
for faces and edges shared between polyhedra are shorter than other non-shared edge distances. These 
effects are explained by Pauling’s rules and occur to decrease the repulsion between the cations. Thermal 
vibrations of Ca and Ir atoms are significantly anisotropic. Thermal vibrations of Ca and Ir atoms are 
restricted in orientation toward the shared face, shared edges, and shortest cation-cation directions. 
The single-crystal experiment shows that CaIrO3 crystals grow fastest along the a axis and that they 
assume a prism or needle shape. Strongly preferred orientation of such prism shaped CaIrO3-type post 
perovskite MgSiO3 crystals may develop under the shear flow in the Earth’s mantle.
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