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Geometric and Electronic Structures of [TigC1,]: Analogies with Cgg

lan Dance

School of Chemistry, University of New South Wales, PO Box 1, Kensington, NSW 2033, Australia

Local density functional calculations for [TigC4,], observed as a positive ion by Castleman et al., yield distances Ti-C
1.99, C—C 1.40, Ti-Ti 3.02 A for the pentagonal dodecahedral ( T,,) structure in which C, units capthe faces of the Tigcube,
but indicate a much more stable isomer in which six C, units occupy the butterflies of a Tig tetracapped tetrahedron, and

point to significant reactivity patterns.

Castleman et al. have recently reported that the ion [TigCy,]*+
and homologues [MgCy5]* (M = V, Zr, Hf) are generated by
reactions of gaseous metal ions and clusters with gaseous
hydrocarbons.!# Other ions [M,C,]* are generated in these
mass spectrometric experiments, but there is evidence for the
predominance of [MgC,]*, implying special stability. This ion
contains 20 atoms, and with knowledge of dodecahedrane
C,0Hyp% and of the structures of the fullerene clusters based on
the truncated icosahedron and special significance for five
membered rings, it is entirely reasonable to propose, as
Castleman has done, that the [MgC,,] possess a pentagonal
dodecahedral cage structure. Accordingly they have been
named metallo-carbohedrenes.

Each of the pentagonal faces in pentagonal dodecahedral
TigC;, would contain three C atoms and two Ti atoms, with
each Ti connected to three C and each C connected to one C
and two Ti. The geometry and isomerism of this structure
deserves evaluation. Certainly the pentagonal dodecahedron
cannot be regular because the Ti-C and C-C bond distances

are unequal. Further, the Tig atoms constitute a cube, the edge
length of which is 1.618 [the golden ratio, T = (1 + V5)/2]
times the edge length of a regular pentagonal dodecahedron.
Any reasonable values for the Ti-C, C-C distances lead to a
Ti-Ti distance indicative of some Ti-Ti bonding, and TigCy, is
therefore reinterpreted as a Tig cube, with C, units over the six
faces, structure 1.

While retaining T, symmetry, the Ti-Ti, Ti-C and C-C
distances in 1 can independently adopt acceptable values. I
have used the local density functional method,é as embodied
in the program DMOL,78 to optimise the geometry of 1 by
minimisation of the electronic energy. D,, symmetry was
imposed. The calculations use the double numerical basis with
polarisation functions up to 4p on Ti and 3d on C, in closed
shell configuration. The accuracy of structures calculated this
way has been demonstrated for transition metal compounds
and clusters.? The calculated distances for 1 are Ti-Ti 3.02,
Ti-C 1.99, C-C 1.40 A, with T, symmetry retained. These
Ti-C distances are shorter than those in conventional organo-
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Ti clusters, as is usual for the bonds in a metal cluster devoid of
terminal ligands. The contiguous C atoms are double bonded.
Although the pentagonal faces of 1 are irregular, they retain
virtual planarity.f

There are other geometrical isomers for TigC;,. In structure
2 (also T,) the Tig array occurs as a tetracapped tetrahedron,
containing six Ti, faces in butterfly topology; each Ti, face can
accommodate a C, unit. The Ti in 2 are in two sets: the four
outer, Ti®, are within potential bonding distance of three other
Ti, while the four inner, Ti', can bond to three Ti' and three Ti°®
all at the same distance. Each C can bond to three Ti as well as
one C, so the net bonding capacity of 2 is greater than that of 1.
The Ti-Ti, Ti-C (two types) and C-C distances are less
independent in 2 than they are in 1. Geometry optimisation
using the same density functional method as above yields the
dimensions Ti'-T1' 2.86, Ti'-Ti® 2.90, C-C 1.34, Ti*~C 2.19,
Ti°~C 1.93 A. Further, the total electronic binding energy of 2
is more favourable than that of 1, by 1470 kJ mol -1, and at this
stage 2 is proposed as the most probable structure for [TigCy,].
Experimental evidence in favour of 2 might be found in the
details of the association energies of the eight ND; molecules
that bind to [TigCy,]*:1:2 for 2 they should differentiate as 4 +
4, while for 1 there would be no discontinuity in the
association energies.

Structure 1 has significant analogies with the structure of
Ceo:10:11 both are composed of an ‘octahedral’ (7,) array of
functional moities each having at their centre a C—C multiple
bond, namely 3 for TigC;, and the pyracylene unit 4 for Cg,.
The C, units of TigCy, are very similar to this electron-
deficient double bond (length ca. 1.38 A12) in Cgq, the
demonstrated site of reactivity.!*> This readily leads to
conjecture that the reactivities of TigC;, may be similar to the
additions of Cg.

T Note added in proof: After submission of this communication similar
calculations of the structure of 1 were reported: R. W. Grimes and
J. D. Gale, J. Chem. Soc., Chem. Commun., 1992, 1222.
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Extension of the calculations to other ions in the [M,C,]*
series is in progress.
I thank the Australian Research Council for support.
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