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Variable-Temperature Infrared Spectra of VO,
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The infrared spectra of VO, powder in KBr from 1300 to 400 cm~' during heating and cooling through
the metal-insulator transition are reported. In the high-temperature metallic region, the spectra are
nearly featureless, while below the transition temperature well-developed vibrational bands are ob-
served. The spectra at room temperature before and after heating are superimposable, a result consis-

tent with the reversibility of the metal-insulator transition.

There exists a fascinating group of transi-
tion metal oxides, sometimes termed ‘nar-
rowband’’ compounds, which undergo
anomalous metal-insulator phase transi-
tions (/—4). These reversible transitions
tend to be accompanied by large enthalpic
changes as well as manyfold changes in
electrical resistivity and magnetic suscepti-
bility. The phases often contain transition
metal ions (M) with less than half-filled d-
orbitals. The structures which are adopted
tend to feature octahedral coordination of
the metal and edge-sharing of the MO
groups—this permits direct h~h, orbital
interactions between transition metal ions,
thus enabling transitions between localized
and itinerant d-electron behavior.

Many of the lower oxides of vanadium
display metal-insulator transitions; V,0;
and VO, have been particularly well studied
(I, 5—-14). Metal-insulator phenomena oc-
cur below room temperature in the ses-
quioxide and at 68°C in VO,. VO, displays

0022-4596/87 $3.00
Copyright © 1987 by Academic Press, Inc.
All rights of reproduction in any form reserved.

278

© 1987 Academic Press, Inc.

structures derived from that of rutile. Be-
low the transition temperature (7;), homo-
polar V4t pairs form along the chains of
edge-shared VOg octahedra (rutile ¢ axis);
the distorted structure is monoclinic and
similar to that of MoO,. Above T, the pairs
are broken and the V** ions along the chain
become equidistant; metallic conduction
sets in and the tetragonal rutile-type phase
is formed.

Optical absorption studies of VO, have
been reported by Verleur et al. (15), Porter
et al. (16), and Ladd and Paul (/7). Barker
et al. (18) reported the infrared reflectivity
of crystals of VO, at three temperatures
and gave a group-theoretical discussion of
the infrared-active modes of the low-tem-
perature phase. The spectrum taken above
T, was essentially featureless with high re-
flectivity, a result which was interpreted as
indicating metallic or free-carrier behavior.
Perelyaev et al. (19) reported infrared spec-
tra of a series of solid solutions V;_,Ti, O, at
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FIG. 1. Variable-temperature infrared spectra of VO, powder (spectra are successively offset by
(+)3.5% 7).

two temperatures; limited infrared data We report here a series of infrared spec-
from doped VO, have also been reported by  tra between 1300 and 400 cm~! of VO, pow-
Heinrich et al. (20). der during heating and cooling through the
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metal-insulator phase transition at 68°C.
Spectra were obtained at approximately 6°
intervals as the compound was heated to
100°C and then cooled to room tempera-
ture. The VO, was kindly provided by Pro-
fessor B. L. Chamberland of the University
of Connecticut as a granular, brilliant blue-
black powder. Spectra were taken of the
finely ground powder in a KBr pellet with a
Nicolet Model 60 SX FTIR spectrophotom-
eter. A high-temperature pellet transmis-
sion cell (Barnes Co.) with a temperature
controller was used to obtain spectra at var-
ious temperatures.

The infrared spectra are given in Fig. 1.
For clarity, the spectra have been succes-
sively offset by (+)3.5% T (one-half divi-
sion). As observed by others (/8-21), the
high-temperature metallic state, stable
above 68°C, is characterized by a relatively
featureless infrared spectrum. The absorp-
tion bands reappear as the compound is
cooled through T,. After cooling, the final
spectrum obtained at 20°C is essentially su-
perimposable on the first spectrum taken at
20°C, a result consistent with a completely
reversible phase transition. Temperature
control and accuracy were insufficient to
detect hysteresis effects. As can be seen
from the spectrum at 77°C during the heat-
ing cycle, a substantial decrease in trans-
mission is associated with the high-temper-
ature metallic region: the transmission at
1300 cm~! has decreased to approximately
19% as compared to 30% at 20°C before
heating.

A band model of the chemical bonding in
VO, has been proposed for the semicon-
ducting-to-metal phase transition (22-24).
Band formation occurs because of strong
metal-metal interactions among the d-or-
bitals of f2, symmetry, and also via strong
covalent mixing of oxygen p-orbitals with
metal d-orbitals. Above the transition tem-
perature, the metal-metal band and the
metal-oxygen band overlap and are each
partially filled, giving rise to metallic con-
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ductivity and the tetragonal rutile structure.
In the low-temperature region, vanadium-
vanadium pairs form along the chains of
edge-shared VOg octahedra, lowering the
crystallographic symmetry to monoclinic
and separating the metal-metal and metal-
oxygen bands. The metal-metal band is
lower in energy and becomes filled, result-
ing in semiconducting behavior.

It is interesting to compare the infrared
profile of the metal-insulator transition in
VO, with that reported recently (3) for the
phase transition in LiVO,. The transition in
LiVO, near 200°C had been thought to be
semiconducting—semiconducting, but the
featureless and low-transmission infrared
spectra obtained above T, which are very
similar to those obtained here for VO,, are
strong indicators of metallic character in
the high-temperature region. In the a-NaFe
O;-type structure of LiVO,, the trivalent
vanadium (d?) ions are confined to hexago-
nal close-packed-like planes; each V3%,
therefore, has six nearest V** neighbors.
The vanadium-vanadium separation sug-
gests that strong metal-metal interactions
are possible within the planes, and it was
suggested (3) that the metal-insulator tran-
sition is two dimensional, with a symmetri-
cal vanadium metal-cluster-layer forming
in the low-temperature region. Electrical
resistivity studies on powders, which had
indicated semiconducting behavior both be-
low and above T, are therefore misleading.
The similarity, however, of the infrared
profile of the transition in LiVO, to that of
the known metal-insulator transition in
VO, indicates that LiVO is also metallic in
its high-temperature region.
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