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INTRODUCTION

A high-pressure phase transition of MgSiO3 perovskite to 
a denser polymorph, hereafter referred to as �post-perovskite� 
phase, was recently established experimentally (Murakami et 
al. 2004; Hirose et al. 2006). The transition pressure is about 
120 GPa, which corresponds to the estimated pressure at the 
top of the D'' layer in the lowermost mantle. The experimental 
results of Hirose et al. (2006) and theoretical calculations of 
Tsuchiya et al. (2004) and of Oganov and Ono (2004) indicated 
that the post-perovskite transition boundary has a relatively 
large positive Clapeyron slope. It suggests that the perovskite 
to post-perovskite phase transition affects mantle dynamics 
(e.g., Nakagawa and Tackley 2004; Matyska and Yuen 2005). 
Though precise determination of the phase boundary is of great 
importance, there are problems due to uncertainties of pressure 
and temperature of the diamond anvil cell experiments (Hirose et 
al. 2006). Thus, the thermodynamic properties of the perovskite 
to post-perovskite transition would give us important constraints 
on the phase stability relations. However, direct measurement 
is impossible because of both the very high-pressure of the 
transition and the fact that the MgSiO3 post-perovskite phase 
cannot be quenched to ambient conditions. Therefore, a study 
on an analog material may improve our understanding of the 
post-perovskite phase transition. MgSiO3 post-perovskite phase 
has the same crystal structure as UFeS3 and CaIrO3, which are 
stable at 1 atm (Murakami et al. 2004; Oganov and Ono 2004). 
In addition to the CaIrO3 post-perovskite phase, CaIrO3 also 
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ABSTRACT

To study the ambient analog of the deep mantle MgSiO3 perovskite to post-perovskite phase 
transition, high-temperature drop calorimetry experiments of perovskite and post-perovskite phases 
of CaIrO3 system as well as high-pressure phase equilibrium experiments in the CaIrO3 system were 
made. The enthalpies for dissociation of CaIrO3 (298 K) to CaO + Ir + O2 (1573 K) were 486.7 ± 9.2 
kJ/mol for post-perovskite and 454.5 ± 12.5 kJ/mol for perovskite. From the difference between them, 
the phase transition enthalpy from perovskite to post-perovskite at 298 K is �32.2 ± 15.5 kJ/mol. This 
gives 2.7 ± 15.6 kJ/mol as formation enthalpy of CaIrO3 perovskite from CaO + IrO2 at 298 K. Using 
the phase transition enthalpy and volume change of �0.48 ± 0.02 cm3/mol determined in this study, the 
phase equilibrium boundary is calculated to be P (GPa) = 0.040 T (K) � 67.1. The strongly positive 
slope agrees with that obtained in high-pressure experiments. This is consistent with a large positive 
Clapeyron slope of post-perovskite phase transition in MgSiO3 recently reported from experimental 
and theoretical studies.
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crystallizes in an orthorhombic perovskite-type structure at 1 
atm as a metastable phase (McDaniel and Schneider 1972). 
Because CaIrO3 is currently the only known material where the 
perovskite and post-perovskite phases are quenchable to the 
ambient conditions, it is the only analog for which we can study 
the behavior of the perovskite to post-perovskite phase transition 
at atmospheric pressure. 

In this study, the transition enthalpy between the CaIrO3 
perovskite and the CaIrO3 post-perovskite phase has been 
measured by high-temperature drop calorimetry. Also the phase 
transition has been examined by high-pressure and high-tempera-
ture quench experiments. The equilibrium transition boundary 
was calculated from the transition enthalpy and compared to the 
boundary determined from the high-pressure experimental data 
in this study and from Hirose and Fujita (2005). 

EXPERIMENTAL METHODS

Sample syntheses and determination of high-pressure 
phase relation

CaIrO3 post-perovskite phase was synthesized from reagent grade CaCO3 and 
IrO2 mixed in a 1:1 mol ratio, compressed into pellets, and calcined at 1173 K for 
two hours in air. The recovered material, consisting of a metastable mixture of 
Ca2IrO4 and IrO2, was ground and re-mixed for one hour. The mixture was again 
pressed into pellets and was heated at 1263 K for three hours in air. The resultant 
material was analyzed by a powder X-ray diffractometer (XRD) and by a scanning 
electron microscope with an energy dispersive spectrometer (SEM-EDS). It was 
identiÞ ed as the CaIrO3 post-perovskite with a few mol% of Ca2IrO4 that could 
only be detected by XRD. No correction was made for the impurity because of 
its small amount.

A Kawai-type multi-anvil high-pressure apparatus at Gakushuin University 
was used to synthesize CaIrO3 perovskite phase and to examine the perovskite to 
post-perovskite transition boundary. Anvils with 12 mm truncated edge length were * E-mail: hiroshi.kojitani@gakushuin.ac.jp


