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Structure of Vanadium Dioxide

GoLDsCEMIDT! came t0 the conclusion that vanad-
ium dioxide had a rutile structure in which, in its
idealized form, each vanadium would be surrounded
by a regular octahedral arrangement of oxygen atoms.
In fact, in actual rutile structures, the regular octa-
hedral arrangement must always be lost? (as is in fact
observed), though the unit cell will remain tetragonal,
because four of the metal oxygen (or halogen) dis-
tances will romain equal. The other two could bo
different without any loss of symmetry, but it is found
that usually they have virtually the same length as
the other four (for example, in titanium dioxide four
of 1:94 A. and two of 1-99 A. and in magnesium
fluoride four of 2-00 A. and two of 1-98 A.)3. The
arrangement of the six cations around a metal atom
in a tetragonal rutile structure may therefore be
visualized as ‘“‘one at the north pole, one at the south,
and four on the equator as a rectangle”.

The structure of vanadium dioxide is sufficiently
like this for Goldschmidt to have believed that it had a
true rutile structure. However, it has been found more
recently that the structure is distorted and is, in fact,
monoclinict. A detailed examination shows that the
oxygen atoms lie very close to what may be described
as the ‘rutile positions’ but that the vanadium atoms
are somewhat displaced, the six VO distances being
2-03, 2-01, 2-05, 1-87, 1-86, 1-76 A. Considerable stress
has been placed on the fact that while in a rutile
structure the metal atoms lie, equally spaced, on
straight lines, the vanadium atoms in vanadium
dioxide are spaced alternately 2-65 A. and 3-12 A.
apart (instead of at regular intervals of about 2:87 A.;
the vanadium atoms are no longer quite on one
straight line). As a result it has been proposed that
there is metal-metal bonding®, the vanadium atoms
being bonded in pairs.

It has been claimed that ovidence for this type
of bonding is provided by the correlation of: (a) the
axial ratios for rutile type phases; (b) the metal-
metal bond-lengths, with the number of valence
electrons supposedly available for each metal-
metal bond. It is of course very possible that the
degree of distortion may be dependent on the number
of valence electrons present on each metal centre—but
this may or may not be related directly with metal—
metal bonding. It seems to us that there is no
evidence that it is so related and in fact that metal—
metal bonding does not appear likely to occur in
vanadium dioxide or to provide a probablo reason
for the particular structural distortion that oecurs.

The two close vanadium atoms are in a situation
which can be represented by :
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the four atoms being coplanar. Moreover these two
oxygen atoms shown are particularly closc to one
another. Consequently, the space between the two
vanadium nueclei is very much occupied by the elec-
tron clouds of the two oxygen atoms, and it is difficult
to suppose that there is direct bonding between them
in any ordinary sense. Moreover, if metal-metal
bonding were tho cause of the distortion it would be
expected that the two vanadiwm atoms would be
displaced directly towards one another. This is
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Fig. 1. Diagram showing the arrangement of atoms in the ‘V,0,
units’. Large circles represent oxygen atoms, small ones vanadium
atoms. The degree of shading represents the relative distances of
the centres of the circles below the plane of the paper. The
numbers give distances between centres (in A.)

quite definitely not so. The vanadium atoms are
displaced partly towards one another, or alternatively
towards the oxygens lying between them, but even
more towards one of the other oxygen atoms. It is
as if thero is a displacement of the vanadium atoms
from their rutile positions so that a V,0, molecule is
beginning to be formed, with the structure shown in
Fig. 1. The four oxygen atoms are approximately in
a single plane, being close packed in that plane, the
two vanadium atoms being placed so that each forms
three pyramidally directed bonds, one vanadium
being on one side of the oxygen plane and the other
vanadium being on the other side. The whole struc-
ture is then a particular interlocking pattern of these
V.0, units. However, it must be stresgsed that the
structure is really intermediate between this and a
true rutile structure since the other three distances
(2-01, 2-03, 2-05) are only a little greater than those in
the V,0, groupings (1-76, 1-86, 1:87), the incipient
V0, units representing the way in which the true
rutile structure is distorted.

This structure will be analysed in more detail else-
where and a comparison with the structures of VO,
V.0, and V,0; will then be made.
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Crystal Structure of B-TiCl;

B-TiCl, is wusually prepared according to the
reaction:
(CsH),AIC + TiCl, —» (C,H,)AICI, + TiCl, +
1 C.H, + 4 C,H,
by rixing heptane solutions of the reactants. The
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