
American Mineralogist, Volume 97, pages 568–572, 2012

0003-004X/12/0004–568$05.00/DOI: http://dx.doi.org/10.2138/am.2012.3973	      568 

High-pressure and high-temperature phase transitions in FeTiO3 and a new dense FeTi3O7 
structure

Daisuke Nishio-Hamane,1,* Meiguang Zhang,2 Takehiko Yagi,1 and Yanming Ma2

1Institute for Solid State Physics, the University of Tokyo, 5-1-5 Kashiwanoha, Kashiwa 277-8581, Japan
2State Key Lab of Superhard Materials, Jilin University, Changchun 130012, China

Abstract

High-pressure and high-temperature phase relations of FeTiO3 were investigated up to a pressure 
of about 74 GPa and 2600 K by synchrotron X‑ray diffraction and analytical transmission electron 
microscopy. We conclude that FeTiO3 ilmenite transforms into the following phase(s) with increasing 
pressure: FeTiO3 (perovskite) at 20–30 GPa, Fe2TiO4 (Ca2TiO4-type) + TiO2 (OI-type) at 30–44 GPa 
and high temperature, FeO (wüstite) + TiO2 (OI) at 30–44 GPa and low temperature, and wüstite + 
FeTi3O7 (orthorhombic phase) above 44 GPa. Among these dense high-pressure polymorphs, FeTi3O7 
is a new compound and its structure analysis was tried using particle swarm optimization simulation. 
This method successfully found a new high-density FeTi3O7 structure, and Rietveld refinement based 
on this model structure gave an excellent fit with the experimentally obtained X‑ray diffraction pat-
tern. This new high-density FeTi3O7 structure consists of polyhedra for monocapped FeO7 prisms, 
bicapped TiO8 prisms, and tricapped TiO9 prisms, which develop on the b-c plane and stack along the 
a axis. The dense compound assemblage found in FeTiO3 is promising for investigating the behavior 
of ABX3 compounds under ultrahigh pressures.
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Introduction

Many ABX3 compounds crystallize in the perovskite struc-
ture or some distorted derivative of it and they represent an 
important class of materials in physics, materials science, and 
Earth science. Due to its close-packed structure, the perovskite 
structure is stable over a wide range of pressures. However, it 
becomes unstable and transforms into denser structures at very 
high pressures. The discovery of the structural phase transition of 
perovskite into a CaIrO3-type phase at high pressures (Murakami 
et al. 2004; Oganov and Ono 2004) stimulates the investigation of 
further phase transitions and close-packed structures in ABX3 at 
high pressures, which is of fundamental interest in Earth science, 
mineralogy, and crystallography. Experimental and theoreti-
cal studies have suggested several sesquisulfide structures as 
high-pressure forms of post-CaIrO3 structures (Umemoto and 
Wenzcovitch 2008; Yusa et al. 2008; Nishio-Hamane et al. 2009). 
Theoretical calculations based on density functional theory also 
predict several potential structures with ABX3 stoichiometry 
and eventual decomposition into a assemblage of simple com-
pounds (ABX3 → AX + BX2) at ultrahigh pressures (Umemoto 
et al. 2006a; Umemoto and Wenzcovitch 2006; Tsuchiya and 
Tsuchiya 2011). On the other hand, recent experimental studies 
have detected a new dissociation of ABX3 to a dense compound 
assemblage at high pressures (Nishio-Hamane et al. 2010b; 
Okada et al. 2011), namely ABX3 → 2/3AX + 1/3AB3X7 and 
1/2AX + 1/2AB2X5 for FeTiO3 and MnTiO3, respectively. In the 
case of FeTiO3 (Nishio-Hamane et al. 2010b), its dissociation 
product was denser than the CaIrO3 structure and an assemblage 

of wüstite FeO and cotunnite TiO2 predicted by a theoretical 
study (Wilson et al. 2005), although an assemblage of AX and 
cotunnite-type BX2 has often been predicted to be the terminal 
state for ABX3 compounds at ultrahigh pressures. A phase as-
semblage denser than AX + BX2 has not been considered, so 
far. Therefore, the phase relation of FeTiO3 is expected to be 
significant for estimating the ultrahigh-pressure behavior of 
ABX3 compounds such as MgSiO3 and CaSiO3, which may be 
a major component of the deep interiors of giant planets.

During compression at room temperature, FeTiO3 ilmenite 
transforms into the perovskite phase at about 20 GPa; this 
perovskite phase has been observed up to pressures of about 50 
GPa (Wu et al. 2009a, 2009b). However, when the metastable 
lithium niobate phase, which was formed by the retrogressive 
transition from perovskite phase on release of pressure, was used 
as a starting material, the perovskite phase stabilized above about 
16 GPa (Leinenweber et al. 1991). Theoretical calculations at 
0 K predict that the CaIrO3 polymorph will form at 40 GPa and 
that it will dissociate into wüstite and cotunnite TiO2 above 65 
GPa (Wilson et al. 2005). In their experimental study, Wu et 
al. (2009b) claimed that perovskite dissociated to wüstite and 
a Ti-rich phase above 40 GPa by heating, and the Ti-rich phase 
was identified as FeTi2O5 with monoclinic symmetry. We have 
conducted TEM experiments on the recovered sample of our 
experiment and concluded that the Ti-rich phase is orthorhombic 
FeTi3O7 rather than monoclinic FeTi2O5 (Nishio-Hamane et al. 
2010b). We further clarified that wüstite and the orthorhombic 
FeTi3O7 phase assemblage was stable even at about 70 GPa 
after heating to 2000 K. During this work, we have noticed the 
existence of some intermediate phases. Moreover, the structure 
of the orthorhombic FeTi3O7 phase has not been determined yet. * E-mail: hamane@issp.u-tokyo.ac.jp


