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High-pressure structure and bonding in CaIrO3: The structure model of MgSiO3            
post-perovskite investigated with time-of-flight neutron powder diffraction
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aBStract

The structure of CaIrO3 (Cmcm) has been refined at high pressure and at low temperature using  
time-of-flight neutron powder diffraction data. Evidence supporting deviation from space group Cmcm 
to Cmc21 is inconclusive. As CaIrO3 (Cmcm) unit-cell volume changes, refinements indicate defor-
mation of cation-centered coordination polyhedra, rather than tilting. Structure models demonstrate 
Ca2+-centered polyhedra are an order of magnitude more compressible than Ir4+-centered octahedra. 
Bond valence sums show significant chemical strain (over-bonding) of calcium and oxygen at ambient 
conditions. Implications for structure change in MgSiO3 post-perovskite are discussed and a method 
for predicting the Clapeyron slope between perovskite and post-perovskite phases is proposed based 
on extrapolation of the volume-ratio between cation-centered polyhedra.
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IntroductIon

MgSiO3 perovskite (Pbnm) is expected to dominate the min-
eralogy of Earth’s lower mantle, yet recent investigations of this 
high-pressure mineral find a phase transition to a post-perovskite 
structure at extreme conditions consistent with the depth of the D'' 
seismic discontinuity (Garnero 2004; Hirose 2006; Murakami et 
al. 2004; Oganov and Ono 2004). At the bottom of the mantle and 
just above Earth’s metallic core, the D'' layer mediates chemical 
and heat exchange across the core-mantle boundary (Lay et al. 
2004; Spera et al. 2006; Stixrude and Karki 2005). Knowledge 
of the structure and dynamics of this region as well as physical 
properties of MgSiO3 post-perovskite are required to understand 
anomalous seismic observations of this region (Kubo et al. 2006; 
Lay et al. 1998, 2006; Mao et al. 2006; Merkel et al. 2006; Shieh 
et al. 2006; Sinmyo et al. 2006; Tsuchiya et al. 2005). 

The post-perovskite MgSiO3 structure has been observed in 
several ABX3 and A2X3 materials at high pressure and appears 
consistent with the CaIrO3 (Cmcm) structure model (Fig. 1). 
However, due to the extreme conditions required to stabilize 
post-perovskite phases, in situ investigations of its crystal 
structure utilize the diamond-anvil cell that significantly restricts 
powder sample volume and angular range of X-ray diffraction. 
As a result, textures often develop within powder samples and 
spherical harmonic preferred orientation corrections are applied 
during Rietveld structure refinement (Hirose et al. 2005; Kubo 
et al. 2006; Martin et al. 2006b; Santillan et al. 2006). Because 
significant correlations between parameters describing preferred 
orientation and crystal structure may exist when data are limited 
in angular range, structure details, changes, and mechanisms ac-

commodating compression and thermal expansion will become 
clearer when data can be collected from samples free from 
preferred orientation. 

CaIrO3 (Cmcm) is the only oxide to exhibit this rare structure 
type at ambient conditions, however, some sulfides and high-Z 
halides adopt the CaIrO3-type structure (Berndt 1997), suggesting 
the covalent nature of bonding in these materials is responsible 
for stability. The CaIrO3 structure consists of isolated layers of 
IrO6 octahedra normal to the b axis (Fig. 1), with these octahedra 
sharing edges along the a axis and corners along the c axis (Rodi 
and Babel 1965). Calcium occupies bi-capped trigonal prism 
sites between these layers. Since the structure of CaIrO3 was 
discovered and characterized, the material has been the subject 
of relatively few studies, though previous investigations find a 
phase transition to the perovskite (Pbnm) structure-type at high 
temperature (Hirose and Fujita 2005; McDaniel and Schneider 
1972). Several studies have investigated the room-pressure 
CaO-IrO2 phase diagram in air, finding CaIrO3 stable to ~1020 
°C (McDaniel and Schneider 1972; Rodi and Babel 1965). 
However, recent work (Martin et al. 2007a) challenges these 
reports, concluding CaIrO3 is metastable at 1 bar in air and only 
temporarily synthesized at room pressure when a (CaO + IrO2) 
mixture is fired. Instead it is found that heating CaIrO3 leads 
to (Ca2IrO4 + IrO2) dissociation products and synthesis of pure 
CaIrO3 powder requires high pressure. Volatilization of iridium 
in air via gaseous hydrates and IrO3 (Eichler et al. 1993) might 
play a role in destabilizing CaIrO3.

A recent structure investigation using X-ray diffraction finds 
compression of the unit cell of CaIrO3 is significantly anisotropic 
(Martin et al. 2007a). Consistent with observations of MgGeO3 
post-perovskite (Hirose et al. 2005; Kubo et al. 2006), lattice 
planes normal to the b axis are compressed more readily than * E-mail: martin@anl.gov


