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High-pressure structural studies of eskolaite by means of single-crystal X-ray diffraction
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AbstrAct

The structural behavior of Cr2O3 was investigated up to ~70 GPa using single-crystal X-ray dif-
fraction under a quasi-hydrostatic pressure (neon pressure medium) at room temperature. The crystal 
structure remains rhombohedral with the space group R3c (No. 167) and upon compression the oxygen 
atoms approach an ideal hexagonal close-packing arrangement. An isothermal bulk modulus of Cr2O3 
and its pressure derivative were found to be 245(4) GPa and 3.6(2), respectively, based on a third-order 
Birch-Murnaghan equation of state and V0 = 288.73 Å3. An analysis of the crystal strains suggest that 
the non-hydrostatic stresses can be considered as negligible even at the highest pressure reached.
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introduction

For many decades X2O3 transition metals oxides attracted 
an interest of solid-state physicists, chemists, and geoscientists. 
Their electronic, magnetic, and structural properties made them 
a subject of many theoretical and experimental investigations. 
Like many others, Cr2O3 (chromia, mineral name eskolaite) was 
studied mostly as a powder (Sato and Akimoto 1979; Shim et al. 
2004; Rekhi et al. 2000; Mougin et al. 2001) partially due to dif-
ficulty of the synthesizing single crystals of chromia, but mostly 
due to limitations of single-crystal X-ray diffraction studies at 
high pressures (Dubrovinsky et al. 2010).

At ambient conditions, chromium (III) oxide adopts the co-
rundum type crystal structure with space group R3c. The crystal 
structure consists of a hexagonal close-packed framework of 
oxygen anions with 2/3 of the octahedral voids occupied by 
chromium. In the a-b plane, CrO6 octahedra form a so-called 
corundum-type pattern with each filled octahedron sharing 
common edges with three others (Fig. 1). Along the c-axis these 
layers alternate in such a way that each octahedron shares one 
common face with another.

The exact high-pressure phase diagram of Cr2O3 remains 
unclear, despite several studies. Due to slow kinetics of phase 
transformations of dense oxides, it is quite difficult to study the 
equilibrium phase relations at low and moderate temperatures and 
high pressures. It was predicted from first-principles calculations 
(Dobin et al. 2000) that at high pressures (above 15 GPa) Cr2O3 
should transform from the hexagonal corundum-type structure 
to the orthorhombic Rh2O3-II type structure. Subsequently, this 
phase transition was confirmed by Shim et al. (2004), but at 
higher pressure (~30 GPa) and only after laser heating. However, 
their powder X-ray diffraction spectra of the high-pressure chro-
mia phase at the same time can be interpreted as a perovskite-type 
orthorhombic structure (Shim et al. 2004), which is also very 

common among ternary transition metal oxides.
Another possible phase transition at lower pressures (13–15 

GPa) and room temperature was reported based on the experi-
mental observations by means of Raman scattering (Mougin et 
al. 2001; Shim et al. 2004), resistivity measurements (Minomura 
and Drickamer 1963) and X-ray diffraction (Shim et al. 2004). 
Significant broadening of some of the Raman and X-ray dif-
fraction peaks was interpreted as a distortional transition from 
the hexagonal space group R3c to the monoclinic space group 
I2/a structure. These studies were performed on powdered 
samples under highly non-hydrostatic conditions, which make 
the detailed structural analysis of a monoclinic high-pressure 
phase nearly impossible. We, therefore, decided to reinvestigate 
the high-pressure behavior of Cr2O3 by means of single-crystal 
micro-diffraction at high pressures  up to 70 GPa. In fact, this 
technique has been recently upgraded and it allows extract-
ing very accurate structural information at the most extreme 
conditions (Dubrovinsky et al. 2010) and even after first- and 
second-order phase transitions (Merlini et al. 2012). When the 
present manuscript was in preparation another independent 
single-crystal study of Cr2O3 was published (Dera et al. 2011); 
the authors reported no structural phase transition up to 55 GPa 
at room temperature.
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fiGure 1. “Corundum” layer of CrO6-octahedra (on the left). Every 
third octahedral in the layer is empty. On the right: Cr2O3 crystal structure. 
Light and dark gray spheres are chromium and oxygen atoms, respectively.


