
Transition metal oxides have been the subject of renewed interest ever since high
temperature superconductivity was discovered in copper oxide materials. The transition
metal oxides with narrow d bands form strongly correlated Mott-Hubbard system for
which conventional band theory is no longer valid [1]. The number of transition metal
oxides where band theory alone can provide adequate account of their properties is quite
limited, and is confined to compounds of the 4d and 5d series. ReO3 is an example of
such a simple metallic oxide. Among d-electron conductors ReO3 has a simple perovskite-
like cubic structure and its conductivity is comparable to that of Ag. Although the
electron-phonon coupling constant (λ = 0.34) is not very small [2] ReO3 surprisingly
does not show superconductivity down to 20 mK. ReO3 seems to belong to the normal
class of conventional band Fermi liquids with electron-phonon interactions dominating the
resistivity [2]. ReO3 crystallizes in the cubic space group (Pm3m) with the undistorted
perovskite-like DO9 type structure with lattice constant a = 3.74 Å. The structure consists
of corner-linked ReO6 octahedra with Re at the centres and linear Re-O-Re links. Among
the numerous perovskite-like compounds ReO3 belongs to a small family of undistorted
cubic structures which is stable at ambient pressure and at all temperatures up to its
melting point. Also the ReO3 structure has a completely vacant A cation site of the
ABO3 perovskite structure. This empty structure is therefore expected to allows rigid
rotation of the ReO6 octahedra. High pressure X-ray neutron diffraction measurements
[6, 7, 8] established that ReO3 undergoes a pressure-induced second order phase transition
at Pc = 5.2 kbar at room temperature to a tetragonal (P4/mbm) intermediate phase with
a very narrow stability range in pressure and then a further transition to a cubic (Im3)
phase. The driving force of the phase transition was shown to be the softening of the M3

phonon mode involving rigid rotation of the ReO6 octahedra and the octahedral rotation
angle was identified as an order parameter of the phase transition [7, 8]. Further pressure-
induced phase transitions at higher pressures have been reported [9, 10, 11]. We believe
that the cubic perovskite structure in ReO3 is essentially unstable due to the softening
of the M3 phonon mode involving rigid rotation of the ReO6 octahedra. Although the
average crystal structure appears cubic, the real nanoscale local structure is more complex.
The rigid unit modes (RUM) involved in the structural instability should lead to negative
thermal expansion (NTE) [12].

X-ray diffraction measurements on ReO3 powders were done on the high resolution
powder diffractometer at the undulator beam line ID31 of the European Synchrotron
Radiation Facility (ESRF) in Grenoble. The polycrystalline sample were put inside a
quartz capillary. The temperature variation of the diffraction intensities in the tempera-
ture range 10 − 300 K was obtained by a He-flow cryostat and that in the temperature
range 320− 500 K was obtained by blowing hot air on the sample encapsulated in quartz
capillary. The wavelength of X-ray was 0.5 Å. Fig. 1 shows the diffraction diagram of
ReO3 measured at T = 10 K. Fig. 2 (a) shows the temperature variation of the cubic
lattice parameter a(T ). The lattice parameter a shows two minimuma, one at T ≈ 110
K and another at T ≈ 400 K. Also there exist anomalous oscillations in the data beyond
standard deviations. The temperature variation of the unit cell volume of cubic ReO3 is
shown in Fig. 2 (b) and it behaves similarly. The total volume contraction from 10 to 110
K is about 0.056% and is rather small, but is much larger than the experimental error.
The volume contraction at about T = 400 K is somewhat smaller but is also beyond the
experimental accuracy.
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Fig. 1 - Diffraction diagram of ReO3 measured at T = 10 K on ID31 of the European Synchrotron
Radiation facility (ESRF).

Fig. 2 - Temperature variation of (a) the lattice parameter and (b) unit cell volume of ReO3.

One can perhaps rationalise the low temperature minimum in the lattice parameter and the
unit cell volume. Axe et al. [7] determined the phonon dispersions of the low-energy transverse
and longitudinal acoustic phonon modes of ReO3 by inelastic neutron scattering. Both the
transverse T1(ξoo) and T2(ξξ0) modes have anomanously low frequencies extending to the zone
boundaries. But the most remerkable feature is the pronounced reduction in frequency of the
T2(ξξ0) mode near the M-point zone boundary. Axe et al. [7] have also measured the pressure
dependence of the T1(1

2
1
20) ≡M3 phonon that found it to decrease substantially with increasing

pressure. Jorgensen et al. [9] have measured the pressure dependence of the unit cell volume
of ReO3. Combining these results one can determine the Gruneisen parameter γM3 of the M3

phonon which turns out to be about γ ≈ −10. For most materials the Gruneisen parameter has
the value in between 1 to 2. For ReO3 the large negative value of the Gruneisen parameter for
the M3 phonon mode can lead to the negative thermal expansion at low temperatures where the
low energy M3 phonon mode dominates. Similar negative thermal expansion has been observed
[13] in Si and Ge for which the Gruneisen parameter γj(q) is negative for certain acoustic modes,
which dominate the thermal expansion coefficient β at low temperatures because of large relative
value of Cj(q) represnting the contribution of a mode to the specific heat. The coefficient of
volume expansion β is related to the mode Gruneisen parameter γj(q) by [14]
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where κ is the compressibility and the mode Guneisen parameter is defined as

γj(q) = − V

ωj(q)
∂ωj(q)

∂V
= −d lnωj(q)

d lnV
. (2)

If the dependence of the frequency ωj on volume can be taken to be the same for all modes, so
that γj(q) = γ, a constant, the equation (2) becomes

β = κγC (3)

where C is the specific heat of unit volume. This is the Gruneisen relation. Although there is
good reason to believe that γj(q) will not be usually the same for all modes, for many materials
the coefficient of thermal expansion closely follows the variation of the specific heat.

In conclusion, we have determined the temperature variation of the unit cell volume of ReO3

in the temperature range from 10 K to 500 K and have discovered negative thermal expansion
in the low temperature range 10 − 110 K and also in the high temperature range 300 − 400
K. We have ascribed the low temperature negative thermal expansion to the negative Guneisen
parameter of the zone boundary M3 phonon mode representing the anti-phase rotation of the
neighbouring ReO6 octahedra. We have no explanation so far for the additional anomalous
behaviour of the lattice parameter and the unit cell volume at higher temperatures.
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