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abStract

A high-pressure phase of CaRhO3 stable between perovskite and post-perovskite in P-T space was 
synthesized at 17 GPa and 1650 °C using a multi-anvil apparatus. The crystal structure of CaRhO3 
was solved by the structure prediction evolutionary algorithm and was refined by Rietveld analysis 
of the synchrotron powder X-ray diffraction pattern, along with transmission electron microscopy 
observations. The structure is monoclinic with lattice parameters of a = 12.5114(1) Å, b = 3.1241(1) 
Å, c = 8.8579(1) Å, β = 103.951(1)°, V = 336.01(1) Å3 with space group P21/m. The structure contains 
edge-sharing RhO6 octahedral chains along the b-axis. The six RhO6 octahedral chains make a unit, 
which stacks up alternatively with the CaO8 polyhedral layer along the [101] direction to form the 
structure of CaRhO3 intermediate phase.
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introDuction

Since magnesium-rich silicate perovskite, the predominant 
mineral in the Earth’s lower mantle, was found to transform to 
a CaIrO3-type post-perovskite phase at pressure-temperature 
conditions of the lowermost mantle (Murakami et al. 2004; 
Oganov and Ono 2004), several experimental and theoretical 
studies on post-perovskite have been performed from viewpoints 
of mineral physics and geophysics. Analog materials that exhibit 
a transition to the post-perovskite phase at pressure lower than 
magnesium silicate are of significant interest to obtain insights to 
the properties of magnesium silicate post-perovskite, particularly 
for the analog post-perovskite phases quenchable to ambient 
conditions. CaIrO3 perovskite transforms to post-perovskite at 
around 2 GPa (Hirose and Fujita 2005; Kojitani et al. 2007a), and 
CaRuO3 perovskite also shows the same transition at about 20 
GPa (Kojitani et al. 2007b). Both CaPtO3 and CaRhO3 crystallize 
into the post-perovskite structure at around 5 GPa (Ohgushi et al. 
2008; Inaguma et al. 2008; Shirako et al. 2009). Recently, it was 
reported that CaSnO3 perovskite transforms to post-perovskite 
at about 40 GPa (Tateno et al. 2010). These post-perovskite 
phases of CaMO3 (M = Ir, Ru, Rh, Pt, and Sn) are quenchable to 
ambient conditions. In addition to the interest in Earth science, 
the post-perovskite oxides are of significant interest in materials 
science because of characteristic physical properties based on the 
quasi-two-dimensional lattice (Ohgushi et al. 2006; Yamaura et al. 
2009; Shirako et al. 2010, 2011; Cheng et al. 2011; Hirai et al. 2011).

In our high-pressure transition study of CaRhO3 perovskite, 

we found that an intermediate phase with an unknown structure 
is stable between perovskite and post-perovskite at around 5–20 
GPa above ~1200 °C (Shirako et al. 2009). The intermediate 
phase was observed to have a monoclinic symmetry and its molar 
volume was noted to be 1.1% smaller than that of perovskite and 
0.7% greater than that of post-perovskite. To our knowledge, 
CaRhO3 is the first material that has a phase stable between 
perovskite and post-perovskite. Oganov et al. (2005) theoretically 
proposed a new type of kinked post-perovskite structures that are 
intermediate between perovskite and post-perovskite, and serve 
as intermediate states for the phase transition from perovskite 
to post-perovskite. Tschauner et al.’s (2008) experimental and 
theoretical studies suggest that aluminous magnesium silicate 
post-perovskite could have a similar kinked post-perovskite 
structure, instead of the CaIrO3-type post-perovskite structure. 
Yamanaka et al. (2010) concluded that the space group of iron-
rich (Mg,Fe)SiO3 post-perovskite is not Cmcm of CaIrO3-type, 
but Pmma. Therefore, the structure of CaRhO3 intermediate 
phase is of special interest from a viewpoint of crystal-chemical 
relationship with perovskite and post-perovskite. In this study, 
we have analyzed the structure through a theoretical search of 
the model structure and the structure refinement with Rietveld 
analysis of powder X-ray diffraction (XRD) data, along with 
transmission electron microscopy (TEM) observations.

ExpEriMEntal anD thEorEtical MEthoDS

Sample synthesis 
CaRhO3 perovskite was used as the starting material of the intermediate phase. 

The perovskite phase was synthesized at the National Institute of Materials Science 
in a similar manner to that carried out by Yamaura and Takayama-Muromachi * E-mail: masaki.akaogi@gakushuin.ac.jp


