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INTRODUCTION

Recently the composition and velocity structure of Earth�s 
D'' layer at the bottom of the lower mantle has been rationalized 
in terms of phase transition in MgSiO3 perovskite (space group, 
Pbnm) to a post-perovskite structure believed to be isostructural 
with CaIrO3 (Cmcm) (Murakami et al. 2004; Oganov and Ono 
2004). While this phase change may explain the D'' seismic 
discontinuity, preferred orientation of MgSiO3 post-perovskite 
(Merkel et al. 2006; Oganov et al. 2005) within the layer may 
explain many anomalous seismic observations that have puzzled 
the mineral physics and seismology communities for decades 
(e.g., Garnero 2004; Lay et al. 1998). Until the physical proper-
ties of MgSiO3 post-perovskite are known, those experimentally 
determined from analog materials are of great interest to earth 
science. 

The CaIrO3 structure (Cmcm) is very rare, and CaIrO3 itself 
is the only oxide known to crystallize with this structure at room 
pressure. The structure of CaIrO3, stoichiometry ABX3, consists 
of single layers of IrO6 octahedra normal to the b-axis. The 
octahedra share edges along the a-axis and corners along the 
c-axis, while calcium occupies sites between these layers (Rodi 
and Babel 1965). Because of signiÞ cant structural anisotropy, 
materials adopting this structure are expected to have very dif-
ferent physical properties from those crystallizing with structures 
related to perovskite. Recent experiments have focused primarily 

on the effects of element substitution in MgSiO3 post-perovskite 
(Mao et al. 2006; Sinmyo et al. 2006) as well as changes in unit 
cell at high pressure using analog materials (Hirose et al. 2005; 
Kubo et al. 2006; Martin et al. 2006a; Tateno et al. 2006). How-
ever, few studies have investigated the effects of temperature 
on the post-perovskite (CaIrO3) structure (Guignot et al. 2005; 
Hirose and Fujita 2005; Tsuchiya et al. 2005). 

Considering the large temperature gradient expected at the 
bottom of the lower mantle, knowledge of how structure and 
properties co-vary with temperature in materials with the post-
perovskite structure is a necessity for geophysical modeling. 
In this study, we report X-ray powder diffraction and Rietveld 
structure reÞ nement that allow us to examine the compression, 
thermal expansion, stability, and crystal structure of CaIrO3 at 
high temperature. 

EXPERIMENTAL METHODS
Using a multi-anvil large-volume press (Gwanmesia et al. 1993), CaIrO3 was 

synthesized from a stoichiometric mixture of (Ca2IrO4 + IrO2) at high pressure and 
temperature. The mixture was loaded into a gold capsule and pressure was increased 
to 6.2(2) GPa before temperature was increased to 1223(50) K. Conditions were 
held for 12 h prior to reducing temperature over 30 m and pressure over 6 h. Several 
synthesis trials reacting a (CaO + IrO2) mix at constant temperatures which ranged 
from 950 to 550 °C at room pressure from trial to trial, yield metastable synthesis 
of CaIrO3 (Hirose and Fujita 2005; McDaniel and Schneider 1972) and further 
heating produces a pure (Ca2IrO4 + IrO2) mix over time.

Monochromatic X-ray powder diffraction data were collected at high pressure 
using the diamond anvil cell at 1-ID-C (Martin et al. 2005; Shastri et al. 2002) 
and 13-ID-D (Shen et al. 2005) at the Advanced Photon Source (APS) at Argonne 
National Laboratory. Data were collected at 1-ID-C using monochromatic X-radia-* E-mail: chmartin@ic.sunysb.edu
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ABSTRACT

Analysis of pressure-temperature dependent monochromatic X-ray powder diffraction data yield 
the bulk modulus [KT = 180.2(28) GPa] and thermal expansion coefÞ cients [α0 = 2.841(34) × 10�5 
K�1; α1 = 3.37(48) × 10�9 K�2] of CaIrO3, the structure model for post-perovskite MgSiO3. CaIrO3 is 
orthorhombic (Cmcm, space group 63, Z = 4) with best-Þ t unit-cell parameters, a = 3.14147(5) Å, b 
= 9.87515(19), c = 7.29711(11), and V = 226.3754(78) Å3 at 1 bar and 300 K. The c-axis of CaIrO3 
has a small compressibility and a large thermal expansion when compared to the other principal axes. 
Rietveld structure reÞ nement reveals changes in CaIrO3 as a function of temperature in terms of IrO6 
octahedra distortion. Dissociation of CaIrO3 at high temperature has possible implications for the 
post-perovskite MgSiO3 structure, Earth�s lower mantle, and D'' layer. 
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