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A recent study by Gan and Wang characterized a formation
mechanism for the metallofullerene Y@4and the energeti-
cally favorable path was determined to be the reactign-ic
YCe¢ — Y@Cs,. The YG reactant was portrayed as a six-
membered ring of carbon coordinated to a yttrium atoryn
fashion, withCs, or nearCs, point group symmetry. However,
what is the stability of this proposed reactant relative to other
YCe isomers? Will the Y@ exist in the proposed form with a
sufficient lifetime to perform its proposed role in the mecha-
nism? By the use of the B3LYP/LANL2DZ methdtlof the
previous study, this isomer of Y{ds compared to two other
YCg isomers from a previous stutlipy Strout and Hall. These
two other isomers are shown in Figures 1 and 2. Figure 1 shows

Figure 1. Fan isomer of Y& (C,, point group symmetry).

Figure 2. Planar ring isomer of YE(Cy, point group symmetry).

the so-called “fan isomer” in which the yttrium atom is
coordinated to a linear chain of six carbons in such a way as to
have Y—C bonding distances with all six carbon atoms. Figure
2 shows a planar isomer in which the yttrium atom is
coordinated to a six-membered carbon ring;fifashion.

The first major result is that the geometry optimization of a

Cs, isomer was unsuccessful due to gradients that suggest that

the six Y—C distances should be nonidentical. The stationary
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point most similar to the previous autho, isomer was found
in Cy, symmetry and is shown in Figure 3. Even this structure

Figure 3. Nonplanar ring isomer of YE(Cy, point group symmetry).
This structure resulted from unsuccessful attempts to optimize the
structure withCs, Ssymmetry.

is not quite a local minimum, having a single imaginary
frequency of 13b The molecules in Figures 1 and 2 are local
minima at the B3LYP/LANL2DZ level of theory. Table 1 shows

TABLE 1: Relative Energies of Three Isomers of YG
(calculated with the B3LYP/LANL2DZ method, energies in
kcal/mol)

isomer energy
fan isomer (Figure 1) 0.0
planar ring isomer (Figure 2) +19.3
nonplanar ring isomer (Figure 3) +63.1

the relative energies of these three stationary points. The fan
isomer is the lowest in energy, followed by the planaring
isomer, with the nonplanar isomer lying much higher in energy.
Given this energy ordering of the isomers, it is plausible to
envision a reaction path whereby the yttrium atom of the
nonplanar isomer slides down to its position on the planar ring,
followed by insertion of the yttrium into the ring to form a fan
isomer. If the barrier between nonplanar ring isomer and planar
ring isomer is a high one, then the nonplanar ring isomer may
be stable enough to perform its proposed role in the formation
of Y@Csz. However, that would have to be demonstrated to be
the case in order for the nonplanar 10 be a plausible reactant

in a Y@Gg, reaction mechanism.

Acknowledgment. The Alabama Supercomputer Authority
is gratefully acknowledged for a grant of computer time on the
SGI Altix operated in Huntsville, AL. This work is also
supported by the National Institutes of Health (NIH/NCMHD
grant 1P20MDO000547-01). The taxpayers of the state of
Alabama in particular and the U.S. in general are also gratefully
acknowledged.

References and Notes

(1) Gan, L.-H.; Wang, C.-RJ. Phys. Chem. 2005 109, 3980.

(2) Becke, A. D.J. Chem. Phys1993 98, 5648. Lee, C.; Yang, W.;
r, R. G.Phys. Re. B 1988 37, 785.

(3) Hay, P. J.; Wadt, W. RJ. Chem. Phys1985 82, 299.

(4) Strout, D. L.; Hall, M. B.J. Phys. Chem1996 100, 18007.

Pari

© 2006 American Chemical Society

Published on Web 03/07/2006



