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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.

* E-mail: anastasia.kantor@uni-bayreuth.de 

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.
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Experimental techniques
Single crystals of Cr2O3 were synthesized at 22 GPa and 1950 °C using 

commercially available Cr2O3 powder (99.999% purity, from Johnson Matthey 
Alfa Products). The synthesis procedure, along with the preliminary Raman and 
X‑ray diffraction results, are described in the recent paper by Ovsyannikov and 
Dubrovinsky (2011). A selected Cr2O3 single crystal of 30 × 30 × 15 μm3 was 
loaded in a 100 μm hole of an indented rhenium gasket along with several ruby 
spheres for quick pressure determination (Mao et al. 1986). Neon was loaded into 
the sample chamber at 1.4 kbar and used as a pressure-transmitting medium and 
as an internal pressure standard (Fei et al. 2007). Pressure was determined with 
a maximum uncertainty of 0.5 GPa at the highest pressure reached, based on the 
uncertainty of Ne lattice parameter determination. A symmetrical screw-driven 
piston-cylinder diamond-anvil cell (DAC) BX-90 (Kantor et al., in review) was 
employed for the current compressibility measurements. The cell was equipped 
with the Boehler-Almax design conical diamond anvils (Boehler and Hantsetters 
2004) that give a full 80° 4θ X‑ray aperture.

The X‑ray diffraction (XRD) experiment was performed at the ID-09a beamline 
of the European Synchrotron Radiation Facility (ESRF). Data were collected at 
room temperature using the MAR555 flat panel detector mounted at about 310 
mm apart from the sample and using a monochromatic (λ = 0.4148 Å) X‑ray 
beam of about 10 × 10 μm2 FWHM size. At each pressure point 160 frames in the 
ω-scanning range of –40° to +40° were collected (0.5° scanning step size) with 
an exposure time of one second. Around 400 Bragg reflections were detected at 
each pressure, among which around 70 were unique (Table 1). The data were 
processed using the CrysAlis software (Oxford Diffraction 2006). Crystal structure 
refinements using the integral intensities were carried out with the SHELXL-97 
WinGX version (Sheldrick 2008), resulting in R1-factors between 3 and 5% (see 
Table 1). These values are typical for single-crystal X‑ray diffraction analysis, but 
for the first time this method was expanded to ~70 GPa for Cr2O3. Such a high data 
quality is guaranteed not only by an advanced detector, but by a high coverage of 
a reciprocal space in the DAC. As an example, Figure 2 shows a reconstruction 
of the h0l section of the reciprocal space obtained at the highest pressure reached.

Results and discussion

Phase stability of α-Cr2O3 at room temperature
In the present study we did not observe any signature of a 

phase transition or a structural instability of α-Cr2O3 up to 70.4(5) 
GPa at room temperature. Although some broadening of Bragg 
reflections does occur upon compression due to the develop-
ment of stresses (see below), neither significant broadening or 
asymmetry, nor a splitting of individual reflections was detected. 
The volumetric and linear compressibility also do not reveal 
any discontinuity or non-monotonousness behavior (Table 1, 
Figs. 3 and 4).

These results are supported also by the independent experi-

ment performed by Dera et al. (2011), and contradict with the 
conclusion of Shim et al. (2004) reporting that at room tem-
perature Cr2O3 undergoes a displacive transition from a trigonal 
to a monoclinic phase at the pressure of around 14 GPa. This 
suggestion was based on a significant broadening of some of 
the X‑ray diffraction reflections and the appearance of new (or 
splitting of existing) Raman modes. Similar observations in 
the Raman spectrum at similar pressure were made earlier by 
Mougin et al. (2001), however not associated with any changes 
in the X‑ray diffraction pattern. This discrepancy between the 
current and the previous studies can be explained by the differ-
ence in the experimental conditions: a powder sample under 
non-hydrostatic conditions was used both by Shim et al. (2004) 
and by Mougin et al. (2001), whereas our study was conducted 
on single-crystalline material under quasi-hydrostatic conditions.

Bulk compressibility and equation of state
The observed P-V relation was fitted using an isothermal 

third-order Birch-Murhaghan equation of state (Poirier 2000), 
resulting in the bulk modulus K = 245(4) GPa and its first deriva-
tive K′ = 3.6(2) (Table 2). V0 value was fixed to 288.73 Å3, as 
measured by Ovsyannikov and Dubrovinsky (2011) at ambient 
conditions on crystal from the same experimental bath.

The Cr2O3 compressibility (see Fig. 3 and Table 2) determined 
in this study is in a very good agreement with the results of Rekhi 
et al. (2000), Finger and Hazen (1980), and Dera et al. (2011). 
However, the calculated bulk modulus is significantly lower than 
those reported by Lewis and Drickamer (1966) and Mougin et al. 
(2001). Furthermore, lower values for both, bulk modulus and its 
pressure derivative, were obtained by Sato and Akimoto (1979). 
There is a clear trend: our results are very close to the results of 
those studies, which have been performed under the hydrostatic 
conditions and contradict with those held under non-hydrostatic 
conditions (using Ar, silicon oil, or no pressure medium at all). 
This conclusion demonstrates the importance of hydrostaticity 
for accurate compressibility and equation of state studies.

Linear compressibility and crystal structure
At pressures below ~20 GPa the compression of Cr2O3 ap-

pears to be almost isotropic, but at higher pressures it becomes 

Table 1. P, V, lattice dimensions, and results of the structural refinement for Cr2O3 at room temperature and different pressures
P (GPa)	 V (Å3)	 a (Å)	 c (Å)	 Atomic coordinates	 Ueq(Cr)	 Ueq(O)	 Interatomic	 R1 (%)	 Total	 Number of
								        distances	 number of	 unique
				    z(Cr)	 x(O)			   Cr-O(I), Å	 Cr-O(II), Å		  observed	 reflections
	 reflections	
0	 288.73*	 4.9530*	 13.5884*	 0.3475(1)*	 0.3058(8)*	 –	 –					   
8.1(1)	 278.7(1)	 4.8949(6)	 13.432(2)	 0.34730(4)	 0.3080(5)	 0.0031(4)	 0.0041(7)	 1.935(1)	 1.995(2)	 3.26	 377	 73
14.0(1)	 273.6(1)	 4.8645(6)	 13.355(1)	 0.34720(4)	 0.3086(4)	 0.0054(4)	 0.0065(6)	 1.924(1)	 1.984(2)	 2.90	 458	 72
20.4(2)	 267.6(1)	 4.8273(6)	 13.264(2)	 0.34700(5)	 0.3105(5)	 0.0074(6)	 0.0093(8)	 1.906(1)	 1.976(2)	 4.01	 455	 71
24.1(2)	 265.8(1)	 4.8152(6)	 13.242(2)	 0.34690(4)	 0.3106(4)	 0.0069(4)	 0.008(1)	 1.9021(9)	 1.970(2)	 2.80	 446	 70
29.6(2)	 260.9(3)	 4.785(2)	 13.162(3)	 0.34660(7)	 0.3130(8)	 0.0085(6)	 0.012(1)	 1.886(2)	 1.965(3)	 4.58	 456	 69
35.4(2)	 256.7(3)	 4.756(2)	 13.109(3)	 0.34630(5)	 0.3143(5)	 0.0089(7)	 0.011(1)	 1.875(1)	 1.956(2)	 3.80	 449	 68
39.7(2)	 254.0(1)	 4.737(1)	 13.071(2)	 0.34610(4)	 0.3144(4)	 0.0100(5)	 0.0130(8)	 1.869(1)	 1.948(2)	 3.96	 449	 65
44.8(2)	 250.7(3)	 4.714(2)	 13.029(6)	 0.34580(4)	 0.3146(4)	 0.0090(5)	 0.0109(8)	 1.8622(9)	 1.938(2)	 4.30	 455	 67
50.2(3)	 247.1(4)	 4.690(3)	 12.972(6)	 0.3455(5)	 0.3161(5)	 0.0105(6)	 0.0142(9)	 1.851(1)	 1.932(2)	 5.86	 445	 63
55.1(4)	 244.8(3)	 4.674(2)	 12.941(5)	 0.3452(5)	 0.3169(6)	 0.0097(4)	 0.0125(8)	 1.846(1)	 1.926(2)	 4.38	 423	 63
63.9(5)	 238.9(6)	 4.629(4)	 12.880(9)	 0.3447(6)	 0.3205(6)	 0.0117(6)	 0.016(1)	 1.826(1)	 1.920(2)	 5.50	 434	 67
70.4(5)	 236.0(6)	 4.605(4)	 12.854(9)	 0.3441(8)	 0.3227(8)	 0.0115(7)	 0.015(1)	 1.817(2)	 1.916(3)	 4.92	 408	 63
Notes: The x and y coordinates for chromium are fixed and equal zero. Furthermore, the following coordinates for the oxygen atoms are fixed: y(O) = 0 and z(O) = 
0.25. The last column shows the number of the unique reflections used for the structural refinement at each pressure point.
* Data from Ovsyannikov and Dubrovinsky (2011).



KANTOR ET AL.: HIGH-PRESSURE STRUCTURAL STUDIES OF ESKOLAITE1766

erties and the structural stability in the corundum-structured 
transition metal oxides. For the corundum structure with an ideal 
hexagonal close packing of oxygen, the c/a ratio is 2√2 ≈ 2.8284. 
For the cation sublattice for any Cr ion there is one nearest neigh-
bor in <001> direction, three nearest neighbors in the a-b plane 
at about 20% larger distance and 9 neighbors between hexagonal 
layers at ~60% larger distance. If Cr-Cr interactions are mostly 
repulsive, the c/a ratio is reduced relative to the ideal one – the 
situation observed not only for Cr2O3 (c/a ≈ 2.74), but also for 
Ti2O3 (c/a ≈ 2.65) (Newnham and de Haan 1962) and Fe2O3 (c/a 
≈ 2.73) (Lewis and Drickamer 1966). The c/a ratio is also a good 
indicator of the electrical conductivity. Since metal-metal (M-M) 
pairs in the <001> direction do not form a continuous network, 
the in-plane interactions are responsible for the total conductivity. 
So the general trend is supposed to be an increasing conductivity 
with an increasing c/a ratio. This trend was demonstrated for 
pure and Cr-doped V2O3 (McWhan and Remeika 1970)—it is 
especially pronounced by the rapid jump of the c/a ratio when 
the oxide undergoes a metal to insulator transition.

According to our measurements, the c/a ratio in chromia 
gradually increases upon compression (thus probably indicating 
an increase of the electrical conductivity) from about 2.74 at am-
bient pressure to about 2.79 at 70.4 GPa (Fig. 5). It is important 
to note that the c/a ratio approaches the ideal value of 2.8284.

Due to symmetry constraints, there are only four independent 
parameters that fully define the crystal structure: lattice param-
eters a and c, chromium fractional coordinate z and oxygen 
fractional coordinate x. As is mentioned above, the crystal struc-
ture of chromia can be understood as a slightly distorted ideal 
closed-packed structure. Therefore, it is convenient to describe 
the deviations of crystal structure from ideal. Upon compres-
sion not only c/a ration shifts toward its ideal value, but also 
z(Cr) and x(O) approach 1/3 (see Table 1), a value for a perfect 
closed-packed structure. All other values of bond distances and 
angles, polyhedral distortions and volume, etc., could be cal-
culated using these four independent parameters. For example, 
the compressibility of the different oxygen-oxygen distances is 

Figure 2. A reconstruction of the h0l reciprocal space section for 
Cr2O3 measured at 70.4(5) GPa. 

Figure 3. Compressibility of eskolaite Cr2O3. The data from the 
present study are shown in circles, from Lewis and Drickamer (1966) – 
triangles up, from Finger and Hazen (1980) – reversed triangles, from 
Rekhi et al. (2000) – squares, from Sato and Akimoto (1979) – hexagons, 
from Mougin et al. (2001) – diamonds, from Shim et al. (2004) – crosses, 
and from Dera et al. (2011) – stars. The solid line shows the calculated 
curve to our data.

clear that a-axis is more compressible than c-axis (see Fig. 4). 
However, the linear compressibility in both directions is mo-
notonous within the uncertainty of measurements and can be 
perfectly described by the linear Birch-Murnaghan third-order 
equations (Poirier 2000).

The c/a ratio is an important indicator of the physical prop-

Figure 4. Relative compressibility of hexagonal a (diamonds) and 
c (circles) axes. Error bars are smaller than a symbol size. Lines are the 
linear third-order Birch-Murnaghan equations with the resulting effective 
parameters Ka 

0 = 251(4) GPa, Ka′ 0  = 2.5(1) and Kc 
0 = 211(8), Kc′ 0 = 8.4(7) 

for compressibility along the a and c axes, respectively. 
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different, where the contraction is higher for the longer bonds 
(Fig. 6). The distortion of CrO6 octahedron therefore decreases 
with increasing pressure, and the relative difference between the 
longest and the shortest O-O distance decreases from 3.2% at 
ambient pressure to about 1.2% at 70 GPa. Both, bulk compress-
ibility and structural parameters of Cr2O3 obtained in this study 
are in a remarkable agreement with the results obtained by Dera 
et al. (2011)—see Figures 3, 5, and 6.

From the point of view of classical crystallography, the 
main reason for the structural distortion of the corundum type 
structure in the repulsion force between highly charged cations 
sharing a common octahedron face. Upon compression, this 
repulsion probably becomes weaker [z(Cr) decreases from 
0.3475(1) to 0.3441(8)], and the whole structure converges to 
an ideal closed-packed one. This is consistent with the reported 
pressure-induced increase in the chemical bonding covalency in 
Cr2O3 (Tkacz-Smiech et al. 2000).

Non-hydrostatic stresses and corresponding crystal strains
Although neon is considered as a quasi-hydrostatic pres-

sure medium, in reality it solidifies above ~4.7 GPa at room 
temperature (Vos et al. 1991), therefore certain non-hydrostatic 
stresses should exist inside a sample chamber at higher pressures. 
Although we do not have any direct probe of the non-hydrostatic 
stresses, we can analyze strains of the sample crystal in more 
detail. In general, a non-uniform stress results in a non-uniform 
strain in the crystal. If the stress is spherically anisotropic, it 
should result in systematic d-spacing shifts depending on the 

orientation of the crystal relative to the stress tensor. In par-
ticular, since a diamond-anvil cell possesses an axial symmetry 
with a loading direction normal to the diamond culet surface, a 
systematic deviation of the observed d-spacing as a function of 
the angle ψ between the DAC loading axis and plane normal is 
expected (Singh et al. 1998). If we note deviation of the inter-
atomic plane distance from a hydrostatic pressure value as Δd/d, 
the dependence is:

	
Δd
d
=Q(hkl)[1−3cos2ψ] 	 (1)

where Q(hkl) is an orientation-dependent distortion parameter. 
For rough estimation we can assume that

( ) ≈Q hkl t
G3

 
	 (2)

where G is the aggregate shear modulus, and t is the difference 
between axial and radial principal stresses on the sample.

We performed this kind of analysis for the highest pressure. A 
total of 117 individual reflections (including symmetry equiva-

Table 2. Calculated and reported values of bulk modulus, its pressure derivative, and volume of Cr2O3

	 Lewis and	 Sato and	 Finger and	 Rekhi et al. 	 Mougin et al. 	 Dera et al. 	 Present study
	 Drickamer (1966)	 Akimoto (1979)	 Hazen (1980)	 (2000)	 (2001)	 (2011)
Isothermal bulk modulus (KT) (GPa)	 272	 231	 238	 240	 259	 220(4)	 245(4)
Pressure derivative (KT′)	 5.5	 2.0	 4 (fixed)	 3.5	 5.0	 4.7(2)	 3.6(2)
Volume (V0) (Å3)	 289.82	 –	 287.9	 289	 –	 288.6(2)	 288.73*
* Data from Ovsyannikov and Dubrovinsky (2011).

Figure 5. The c/a ratio of chromia as a function of pressure. The 
data of the present study are shown as circles, from Lewis and Drickamer 
(1966) – triangles up, from Finger and Hazen (1980) – reversed triangles, 
from Rekhi et al. (2000) – squares, from Mougin et al. (2001) – diamonds, 
from Shim et al. (2004) – crosses, and from Dera et al. (2011) – stars. The 
dashed line shows the ideal value of the c/a ratio (~2.8284).

Figure 6. O-O distances along the 12 edges of the CrO6 octahedron 
(the uncertainties are within the symbol sizes). The shortest distances 
are the three bonds belonging to the shared face; the intermediate three 
distances are the shared edges; and the remaining longest distances are 
non-shared edges of the CrO6 octahedron. Open symbols present data 
from Dera et al. (2011), filled symbols – the data from the present study.
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lents) were observed, and for every single reflection a d-spacing 
and (1 – 3cos2ψ) were calculated (Fig. 7). No systematic trend 
was observed in the data, even in the particular (hkl) planes, and 
we can state that there is no systematic trend in Δd/d larger than 
0.0005 over the available angular range.

Although we have no experimental information on the shear 
modulus of eskolaite at 70 GPa, we can make an estimation based 
on an ambient pressure value of 162 GPa (Frantsevich et al. 1982) 
and pressure derivative dG/dP of 2, which is the typical value 
for dense oxides (see, for example, Hofmeister and Mao 2003). 
An estimated value for the shear modulus of Cr2O3 at 70 GPa 
is probably not more than 310 GPa. In this case, according to 
the Equations 1 and 2, we can conclude that the uniaxial stress 
at the maximum pressure of 70 GPa does not exceed 0.25 GPa 
in our experiment.

In addition to the uniaxial stress there is another type of non-
uniform stress associated with the non-hydrostaticity of the pres-
sure medium, namely, the non-uniform stress distribution inside 
the sample volume (pressure gradients). Pressure gradients reveal 
themselves as microstrains that result in a systematic broadening 
of the X‑ray diffraction peaks. This kind of microstrain (often 
denoted as mean tensile strain η) can be extracted by analyzing 
the integral breadth β of reflections as a function of diffraction 
angle θ (Stokes and Wilson 1944). At every pressure point for 
each observed X‑ray diffraction reflections an integral breadth 
β was calculated assuming a Gaussian peak profile (for a pure 
Gaussian function β = σ√2π). The resulting values indeed show a 
linear dependence between 4×sin(θ) and β×cos(θ) (Fig. 8, inset), 
and the slope of this line gives the mean tensile strain h (Fig. 
8). The intercept of this line with the y-axis is a convolution of 
the instrumental resolution function and an effective crystallite 
size. In the present study we do not observe any increase of the 
intercept, indicating that the effective crystalline size (or the 
coherent scattering volume) remains constant and no significant 
development of the crystal mosaicity occurs upon compression. 

The mean tensile strain increases up to about 1.4 × 10–3 at the 
highest pressure reached (see Fig. 8), which roughly corresponds 
to a compressional stress of the order of 0.7 GPa, estimated using 
the equation of state reported here. Even if all the tensile strain 
arises from the pressure gradients, those gradients are comparable 
with the uncertainty of the pressure determination.

With the diffraction geometry used (omega-scans and area-
sensitive detector), in principal each diffraction peak can be 
characterized with three independent angles profiles: 2θ (Bragg 
angle between incident and diffracted beams), ω (angle of the 
DAC rotation around vertical axis), and μ = the angle between 
a vertical plane and a diffraction plane (a plane containing inci-
dent and diffracted beams). Peaks broadening in θ are analyzed 
above; ω in our experiment does not have enough resolution to 
extract peak profiles (diffraction frames were collected with 0.5° 
steps in ω, which is typical for such kinds of measurements), 
but μ-profiles of individual peaks can be extracted with about 
the same resolution as the 2θ-profiles. This angle is also called 
a mosaicity angle, because in the unstressed sample peak width 
in μ is a measure of crystal mosaicity. The width of a diffrac-
tion peak in μ-angle reflects a distribution of interatomic planes 
normal in the direction perpendicular to the diffraction plane. 
When a single-crystal breaks into a series of slightly misoriented 
crystallites, a diffraction peak broadens in μ, and, in the extreme 
case of randomly oriented powder, a μ-width becomes a full 360° 
continuum and a single-crystal diffraction spot transforms into a 
Debye-Scherrer diffraction ring. The μ-profiles of each diffrac-
tion peak of Cr2O3 were extracted for each pressure assuming the 
Gaussian shape of diffraction peaks. No systematic variations of 
μ full-width at half maximum (FWHM) neither with the angle ψ 
between the DAC loading axis and the diffraction plane normal, 
nor with the crystallographic direction have been observed. An 
average value of the Gaussian standard deviation for all peaks as 
a function of pressure is shown in Figure 9. As can be seen, this 
parameter also increases upon compression from 0.05 to about 
0.12 at the highest pressure. This increase, however, cannot be 
explained as an increase of the crystal mosaicity, because we 

Figure 7. Relative deviations of d-spacing as a function of (1 – 
3cos2ψ). Open circles show the deviations for the reflections of the (116) 
plane, and the open squares are for the (113) plane symmetry equivalents.

Figure 8. Measured average tensile strain in Cr2O3 crystal as a 
function of pressure. Insert shows a typical Williamson-Hall plot for 
P = 35.4(2) GPa. β is the integral width of a reflection and θ is the 
diffraction angle.
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did not observe any decrease of the effective crystalline size 
from the microstrain analysis. An alternative explanation of 
the μ width increase is an elastic bending of the crystal in the 
direction, perpendicular to the diffraction normal. To make an 
accurate stress-strain calculation of this kind of bending one 
needs to know a full elastic tensor and the exact shape of the 
single crystal. However a semi-qualitative estimation can be 
made for the highest pressure in the isotropic assumption using 
the abovementioned values for the bulk and shear moduli, and 
approximating an X‑ray probed-part of the crystal as a cuboid of 
15 × 15 × 15 μm3. This estimation gives an average pure bending 
component of the stress tensor of ~0.3 GPa. This value is quite 
close to the compressional stress variation of ~0.5 GPa estimated 
from the 2θ profiles. Therefore we can conclude that in the neon 
pressure medium at about 70 GPa stress tensor deviates from the 
uniform (hydrostatic) by about 1% only.

Concluding remarks

We determined an evolution of the Cr2O3 crystal structure at 
pressures below 70.4 GPa under quasi-hydrostatic conditions 
and verified that there is no pressure induced structural phase 
transition in the whole range of pressures studied. This conclu-
sion coincides with the results obtained earlier by Rekhi et al. 
(2000) and by Dera et al. (2011), however it contradicts with 
some other studies (Minomura and Drickamer 1963; Mougin 
et al. 2001; Shim et al. 2004). This controversy might be ex-
plained with the differences in hydrostaticity between different 
experiments. The fact that a distortional phase transition may 
occur under non-hydrostatic stress and be absent under a quasi-
hydrostatic conditions is important. There is a good example of 
(Mg0.8Fe0.2)O mixed oxide, where a distortional cubic to rhom-
bohedral transition was observed only under non-hydrostatic 
compression without a pressure transmitting medium (Kantor et 
al. 2006). Comparing our observations with the data available in 
the literature, we suggest that stresses induced by non-hydrostatic 
conditions should expand the P-T thermodynamic space of Cr2O3 
and probably of many other materials, and thus may result not 
only in subtle effects like shifting of phase boundaries, but also 

in the creation of new phase fields, which should not exist under 
purely hydrostatic pressure.

A detailed analysis of diffraction peaks profiles demonstrates 
that non-hydrostatic components of the stress tensor do not ex-
ceed 1% (well below 1 GPa) at 70 GPa when neon gas is used 
as a pressure-transmitting medium.
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