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Raman spectroscopy of CaIrO3 postperovskite up to 30 GPa 
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Abstract 
We have measured Raman spectra of the postperovskite (PPv) phase in CaIrO3 up to 30 GPa to 

constrain the Grüneisen parameter (γ). We identified a total of 4 strong modes between 200 and 650 
cm–1, which is in contrast with the Raman spectra of Mn2O3 and MgGeO3-PPv where at least nine 
different modes have been detected. We found no sign of a phase transition in the Raman spectra of 
PPv CaIrO3, which supports the stability of the PPv phase up to 30 GPa and room temperature in 
CaIrO3. The spectroscopic Grüneisen parameter, γsp,0 = 1.66~1.72, constrained from our Raman data, 
is in excellent agreement with the thermodynamic Grüneisen parameter, γth,0 = 1.75 ± 0.05, calculated 
from recent XRD measurements (Martin et al. 2007) on CaIrO3-PPv synthesized at high pressure 
and temperature similar to our starting material. Our result suggests that γsp constrained by Raman 
measurements provides a reasonable estimate on the γth of the PPv phase in CaIrO3. 
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Introduction

Recent studies have shown that the dominant lower-mantle 
phase, (Mg,Fe)SiO3 perovskite (Pv), undergoes a phase transition 
at the pressure (P)-temperature (T) conditions relevant to the D″

 

discontinuity, the postperovskite (PPv) transition (Murakami et 
al. 2004; Oganov and Ono 2004; Shim et al. 2004). It has been 
suggested that some enigmatic seismic observations at the core-
mantle boundary (CMB) region can be explained by the proper-
ties of the PPv phase (e.g., Helmberger et al. 2005; Wookey et 
al. 2005; Wentzcovitch et al. 2006; Monnereau and Yuen 2007; 
Shieh et al. 2006; Merkel et al. 2007—see Hirose 2006; Shim 
2008, for review). Theoretical studies have suggested that the 
new phase is isotypic to CaIrO3 (Murakami et al. 2004; Oganov 
and Ono 2004; Tsuchiya et al. 2004) and this has been further 
supported by a recent Rietveld study of (Mg,Fe)SiO3-PPv at 
P-T conditions relevant to the CMB (Shim et al. 2008). Because 
CaIrO3-PPv is stable at ambient conditions, it has been recently 
studied extensively: phase equilibria (Hirose and Fujita 2005; 
Kojitani et al. 2007), thermoelastic properties (Ballaran et al. 
2007; Lindsay-Scott et al. 2007; Martin et al. 2007; Tsuchiya and 
Tsuchiya 2007), lattice preferred orientation (Walte et al. 2007; 
Miyajima et al. 2006; Niwa et al. 2007), and kinetics (Yoshino 
and Yamazaki 2007). 

The thermal equation of state (EOS) of mantle silicate PPv is 
particularly important for understanding both the dynamic stabil-
ity of the PPv lenses documented in recent seismic studies (Lay et 
al. 2006; van der Hilst et al. 2007) and mantle flow at the CMB 

region (Buffett 2007). Although the EOS of mantle silicate PPv 
has been studied at high P and room T (Shieh et al. 2006; Mao 
et al. 2006; Guignot et al. 2007; Shim et al. 2008), the EOS fit 
for the volumes (V) of PPv measured at high P-T suffers larger 
uncertainties due to unconstrained parameters (e.g., volume at 
ambient conditions, V0), pressure scale issues, and other technical 
difficulties (e.g., Guignot et al. 2007; Komabayashi et al. 2008). 
Vibrational spectroscopy, i.e., Raman and infrared spectroscopy, 
provides an alternative means of constraining thermoelastic 
parameters (Gillet et al. 1998). 

Recent Raman spectroscopy measurements by Shim et al. 
(2007) have suggested that the Grüneisen parameter (γ) decreases 
by 25 ± 10% across the PPv transition in MgGeO3. In an X-ray 
diffraction (XRD) study of (Mg,Fe)SiO3, a similar magnitude of 
decrease in γ has been documented (Shim et al. 2008). 

Yet it should be mentioned that estimates of γ using vi-
brational spectroscopy (hereafter γsp or spectroscopic γ) do 
not include the effect from dispersion and often use a smaller 
number of normal modes than expected from the group theory. 
Nevertheless, previous studies have shown that γsp still provides a 
reasonable estimate for the thermodynamic Grüneisen parameter 
(γth) for many mantle minerals: for forsterite γsp = 1.09 and γth = 
1.17 where only 19 Raman modes out of 84 total modes were 
used (Chopelas 1990), and for Mg2SiO4-spinel γsp = 1.10 and γth 
= 1.25 where only five Raman modes out of 42 total modes were 
used (Chopelas et al. 1994). 

However, agreement between γsp and γth has not been con-
firmed for PPv structured materials. CaIrO3 provides an op-
portunity to examine the agreement between γsp and γth, as some 
of the key parameters for calculating its γth are available in the 
literature (e.g., Ballaran et al. 2007; Lindsay-Scott et al. 2007; 
Martin et al. 2007). 

In this study, we measure the Raman spectra of CaIrO3-PPv 
up to 30 GPa. This data set enables us to constrain the γsp of PPv 

* Present address: Department of Geology and Geophysics, Yale 
University, New Haven, Connecticut 06520, U.S.A.
† E-mail: sangshim@mit.edu
‡ Present address: Geodynamics Research Center, Ehime Uni-
versity, Japan.


