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INTRODUCTION

The M2+X4+O3-ilmenite structure has unique face-shared and 
edge-shared configurations of MO6 and XO6 octahedra (Fig. 1). 
Cation-cation interactions in the structure affect the physical 
properties. Ilmenite compounds have a relatively large M cation 
(M: Mg, Fe, Mn, Co, Zn) and a small X cation (X: Si, Ge, Sn, Ti). 
However, compounds with a large ion radius ratio (RM/RX), such 
as CaTiO3 and BaTiO3, do not form ilmenite-type structures but 
have the perovskite structure at ambient pressure. Many ilmenite-
structured compound transform into a perovskite structure at high 
pressure because oxygen is more compressible than the cations and 
thus the (RM-RO)/(RX-RO) ratio increases with pressure. Pressure-
temperature regions of stability vary systematically with the cation 
radius ratios. Ilmenite-type MgSiO3 is one of the high-pressure 
polymorphs of orthoenstatite, characterized by a relatively low-
temperature and narrow-stability field in the 20–24 GPa below the 
2300 K range (Sawamoto 1987), and thus is considered a candidate 
component at 600–700 km depths in subducting slabs. (Mg,Fe)
SiO3-ilmenite was found in the shock vein of meteorite and named 

akimotoite (Tomioka and Fujino 1997). MgGeO3 shows the same 
polymorphic transitions as MgSiO3, but its transition pressures are 
much lower than the corresponding pressures of the MgSiO3 poly-
morphs (Ross and Navrotsky 1988). MgTiO3-ilmenite (geikielite) 
is found as an accessory mineral in many igneous and metamorphic 
rocks (Deer and Zussman 1963) and can be synthesized at ambient 
pressure (Linton et al. 1999).

MgSiO3 in the ilmenite structure was analyzed by a single-
crystal X-ray diffraction (XRD) study under ambient conditions 
(Horiuchi et al. 1982) and by powder XRD methods at high pres-
sure (Reynard et al. 1996). Molecular dynamic simulations of 
MgSiO3-ilmenite have been also carried out (Matsui et al. 1987; 
Karki et al. 2000). Yamanaka et al. (2005) conducted a single-
crystal XRD study under high pressures on MgSiO3-, MgGeO3-, 
and MgTiO3-ilmenites and obtained the pressure dependence 
of interatomic distances, bond angles, and bulk moduli of their 
unit cells and octahedral volumes. They reported that the MgO6 
octahedral volume is much more compressive than that of XO6, 
and both MgO6 and XO6 (X = Si, Ge, Ti) octahedra are most rigid 
in MgSiO3 of the three ilmenite types. They have showed that 
the Mg-X interatomic distance becomes more shortened with 
increasing pressure than do the Mg-Mg and X-X distances.

Pressure provided by the external system, Pext, affects not only 
the atomic positions (leading the interatomic distances) but also in-
teratomic bonding force, as the following virial equation of state:
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ABSTRACT

The Raman spectra of MgXO3-ilmenites (X = Si, Ge, Ti) were recorded up to 773 K at ambient 
pressure and up to 20–30 GPa at room temperature. Temperature and pressure dependence of the 
force constant of X-O stretching bands revealed that the expansion and compression behavior of XO6 
octahedra differed in the three ilmenites. For SiO6 and GeO6 octahedra, the shorter Si-O or Ge-O bonds 
became more lengthened with temperature and more shortened with pressure than did the longer Si-O 
or Ge-O bonds. In contrast, for TiO6 octahedra, the longer Ti-O bonds became more lengthened with 
temperature and more shortened with pressure than did the shorter Ti-O bonds. For SiO6 and GeO6 
at high temperatures and TiO6 at high pressures, the cation positions moved in the direction of the c 
axis and tended to approach the center of the octahedra, decreasing the distortion of XO6. For SiO6 
and GeO6 at high pressures and TiO6 at high temperatures, the cations moved away from the center, 
increasing the distortion of XO6. One of the anharmonic correction terms on isochoric specific heat 
was also elucidated. The anharmonic effects were related to the elastic Debye temperature of the 
three ilmenites.
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