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Many endohedral metallofullerenes have g Cage sur-
rounding the metals, even though the normal arc-vaporization
method of fullerene preparation does not generage i€
significant abundanck’l® Manolopouset al11~13 attribute the
low abundance of empty-cagedo the unfavorable electron
configuration of this species. Consequently, the prevalence of
Cs2 in metallofullerenes may be the result of an electron transfer
from the encapsulated metal atoms to the fullerene éageé.
The extent of this charge transfer also contributes to the
properties (e.g. catalytic, superconductive, nonlinear optical, and
ferromagnetic) that are attributed to the endohedral metallof-
ullerenes*1% Because of the importance of the charge transfer
reaction, characterization of metallofullerenes by spectroscopy
and electrochemistry is an active area of researéh.Only
recently, however, have sufficient quantities of pure metallof-
ullerenes and & been available for investigations of this
type3-516-20 Here, we report the square-wave voltammetry of
Sa@GCg; in pyridine and find that it resembles that for La@C
and Y@@, % but Se@ Cg, transfers more electrons to the cage
than the monometallic endohedral metallofullerenes (MMF’s).
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Figure 1. Square wave voltammograms of;@&Cs, and G in pyridine
containing 0.10 M 1¢-Bu)sNCIO,. Voltammetric data were collected
using a frequency of 15 Hz, a peak amplitude of 25 mV, and a potential
step size of 2 mV. Initial potentials were set at the open circuit potential
values for both positive and negative scans. Limited sample size
required using a micro-electrochemical cell containingib0of the
pyridine solution'®

Table 1. Redox Potentials versus H&c for Gz, Sa@ Css,
La@Gsp, and Y@G;

Compd OXE = OXE ret‘z redE re(E re(E
Cg? —0.47 —-0.80 —1.42 -—-1.84
Se@G? —0.04 -0.32 —-1.42 -1.67
La@G® 1.07 —-0.07 —0.42 —-1.37 —2.26
Y@Cg? 1.07 0.10 -0.34 —-1.34 -2.22

@ The conditions for the voltammetry experiments are as follows:

approximately 5< 10~ M of the fullerene in pyridine containing 0.10
M (n-Bu)sNCIO,, a glassy carbon working electrode, Pt wire counter
electrode, and an Ag/Agreference electrode (potentials are converted
to a Fc'/Fc reference)? Reference 5.

The square-wave voltammetry of 802G, in pyridine
containing 0.10 M (GHg)4sNCIO,4 has two reversible oxidation
peaks, two reversible reduction peaks, and two shoulders at
potentials close to the solvent reduction (Figure 1, Tab® 1).
The first oxidation peak {£0.32 V vs Fct/Fc) occurs at a
potential negative of the oxidation of most fulleredésnd
negative of the first oxidation of theggMMF’s.3-5 The second
oxidation (-0.04 V) of Se@GCs, occurs at approximately the
same potential as the first oxidation of the MMF’s. Oxidation
of Se@GCs, occurs more easily than the oxidation of previously
reported fullerenes, corresponding with the expectation that the
Sc trimer transfers more electrons to the cage than the MMF’s.

The oxidations of S@Cs, resemble the voltammetric
behavior of the MMF's (Table 1). The first oxidation of Y@C
(0.10 V vs Fc'/Fc) and of La@@ (—0.07 V) is at ap-
proximately the same potential as the second oxidation peak of
Se@GCs2 (—0.04 V); however, the second oxidation of La@C
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(1.07 V) and Y@@, (1.07 V) is at more positive potentials (at
potentials outside of the available potential window for the
pyridine solutions) than either of the $5@Cs, oxidations. In
addition, the second oxidations of La@Cand Y@G, are
irreversible, while both oxidations of S@Cs; are reversible
(AEp ~ 70 mV by cyclic voltammetry). The first oxidation of
Sa@GCs2 (—0.32 V) occurs at approximately the same potential
as the first reduction of Y@4 (—0.34 V) and La@#z (—0.42
V). The correspondence between the oxidations af@8g:
and the voltammetry of the MMF’s suggests a relationship
between the molecular orbital energies of theggefdohedral
metallofullerenes.

The first reduction peak of 9@GCs,, at—1.42 V, is negative
of the first reduction of the MMF'’s, but is at approximately the
same potential as the second reduction of La@€1.37 V)
and Y@G; (—1.34 V). The first reduction of S@GCs; is
closely followed by the second reductior-1.66 V). The
second reduction of La@gor Y@Gs; is either a simultaneous

Communications to the Editor

electron configuratiod. Kadish et al, however, show by
combined electrochemistry and EPR spectroscopy that hath C
and G42~ are EPR activé®2® Although not metallofullerenes,
these G, anions are isoelectronic with the£ and Gx*, the
forms of G, postulated for La@§; and La@G, .10

The potential of the first reduction of §@Gs, and the
potential of the third reduction of &g are nearly identical.
Ungerer and Hughbanks, using extendettkél calculations,
predict an MO diagram for S@GCs; in which two electrons
are transferred from the $cluster to the @ cage3® In their
MO diagram, a low lying SOMO for the metallofullerene has
approximately the same energy as the LUMO fg?C. These
MO diagrams suggest that the first reduction of@Es, occurs
at nearly the same potential as the reduction gf Cto Cg®~,
as observed experimentally (Figure 1). A two-electron charge
transfer by the Sc trimer to the cage, however, does not
correspond with our interpretation that the formal charge of the
Sc trimer is+4 (by analogy to the expecteti3 charge for La

two-electron process or two closely spaced one-electron and Y in the monometallic compounds, and the assumption that

processes;® similar to the appearance of the;8GCs; volta-
mmogram (the potential difference between the;@Cs.
reduction peaks is 0.24 V). Prior to the onset of solvent
breakdown, two shoulders are found at potential2.(7 and
—2.29 V) close to the values of the third and fourth reductions
of the MMF's#* These features are difficult to determine
accurately due to the proximity of the electrolyte reduction. The
negative potential of the initial reduction of 8@GCg, correlates

each redox process observed in the@€s, voltammetry
involves transfer of only one electrohy.® Smalley et al.
suggest that, for La@4g two electrons are transferred to the
orbitals of the fullerene cage forming the stablg?C, and the
third electron is delocalized within the carbon cadgelhe
similarity of the voltammetry for S G, Cgp, and La@G;
suggests that formation of §@Cs, may also result from
delocalization of some of the transferred electron density within

with the expectation that the Sc trimer transfers more electronsthe cage instead of complete transfer of all four electrons to

to the fullerene cage than the MMF’s.

The correspondence of the voltammetry of La@t
Y@Cs,® and Se@GCs,, as discussed above, implies that the
molecular orbital energies of thesg,Gnetallofullerenes are
similar. Because the oxidation of $®@GCs, at —0.32 V occurs
at nearly the same potential as the first reduction of La@C

the orbitals of the cage. Delocalized electrons within the cage
might also explain the equivalence of the encapsulated Sc
trimer22-25 A necessary caveat for comparison of the MMF’s
and Se@GCg, voltammetry with that of the empty-cageQs
that all of these fullerenes have the same cage symrtfetry.

In summary, we have described the first electrochemical data

and Y@G;, the Sc trimer appears to transfer one more electron for a polymetallic endohedral metallofullerene. The voltam-

to the cage than either La or Y during the metallofullerene
formation. This interpretation of the voltammetry predicts,
therefore, that the product of the first reduction of the MMF's,
La@G, and Y@G, , has the same open shell electron
configuration as S@Gs,. Consequently, La@z and Y@ G,
should also be EPR active, as observed wit@Gs».23-27 Our
interpretation of the S@GCs, electrochemistry is contrary to
that of Suzukiet al.,® who attribute the relative ease of the first
reduction of the MMF's to the formation of a closed shell
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metric behavior of S#@Cs, resembles that for La@g and

Y @Cs2,%® indicating that the identity of the metal does not
influence dramatically the energies of the metallofullerene
molecular orbital$! The three Sc atoms, however, transfer
more electrons from the encapsulated metals to the cage than
the monometallic counterparts, accounting for the differences
in the voltammetry for Sg@Cg,. The similarity of the volta-
mmetry of Se@GCg, with that of the MMF’'s suggests that
Sa™@Cgs* may describe the formal charges on the Sc trimer
and the @, cage of this species. Metallofullerene electronic
structure and physical properties should be better understood
as more new metallofullerenes become available for investigation.
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