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Endohedral metallofullerenes have gained extremely wide

(b)

| Sc,@Cga(I

1%}

= I

=R 750 730 [

) Time-of-Flght ‘ \

o) [

— | \

< J

~ . I PR L

Y ‘w\‘——css S, @Cga(ll) @

=} \ PN

E "‘ SC,@Cga(1) v Sc,@Cgq()

= | v Il }\/

21 o AN c

Qo | M A o4

< || \ A Y Vo v

SV v -

A v yamN
Vo \‘\/

35 40 45 Sb

55

2293

Retention time / min.
Figure 1. HPLC chromatograms of (a) the first and (b) the third
(isolation) stages for the separation 0b&4(l1l). In the first HPLC
stage (a), the HPLC peaks of isomers I, Il, and Ill are overlapped with
those of hollow Gs, Coo, and G fullerenes, respectively (see text).

The details of the production and separation/isolation of
endohedral scandium metallofullerenes have been described

interest in recent years because of their novel structural andelsewheré®1%-21 Briefly, soot containing S@Cg4 and other

electronic properties? Most of the monometallofullerenes
prepared so far have been based gnadd have incorporated
lanthanum, 35 yttrium 87 scandiun®=1° and most of the
lanthanide elementd:12 Very recently, the endohedral nature
of Y@Csg; has been finally confirmed by a synchrotron X-ray
powder diffraction study® However, to date no structural

scandium metallofullerenes was produced in direct-current (500
A) spark mode under He flow at 50 Torr and collected under
totally anaerobic conditions:2021 Even under these anaerobic
conditions, Sc@gs and Sc@& were not extracted by solvents.
The Se@GCs, fullerene was separated and isolated from the
various hollow fullerenes (§—Ci10 and other scandium

model has been derived experimentally for the endohedral naturemetallofullerenes by the multistage high-performance liquid

of dimetallofullerenes such as #Cs 191416 and La@Cgo, 31718
although an endohedral nature of,@Cs4 has been strongly
suggested by previous scanning tunneling microstoppnd
transmission electron microscdfgtudies. Here we report the
first 13C-NMR results on the metallofullerene, &Css, Which
determines an isomer cage structure for the metallofullerene.
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chromatography (HPLC) meth&&#°by using two complemen-
tary types of HPLC column& The purity of Se@Cg4 relative

to other fullerenes was more than 99.9%C-NMR measure-
ments were made using a 600 MHz NMR (JEOL JNM-A600)
at room temperature in GSolvent.

Panels a and b of Figure 1 show the HPLC chromatograms
for the first and final (third) HPLC stages for the separation of
So@GCsy, respectively. As seen in Figure 1a, there are at least
three HPLC peaks that correspond to different structural isomers

of Se@GCss. Hereafter, we call these isomers |, I, and Il of
Se@Gg4 in increasing order of retention time (cf. Figure 2a).
It was found that the retention times of isomers |, II, and Il

coincide with those of hollow g3, Cgo, and G; fullerenes,
respectively, under the present HPLC conditiéhsThe com-
plete separation of these isomers was achieved, however, in the
final HPLC stage* Figure 1b shows the final HPLC (i.e.,
isolation) stage for isomer Il which is the most abundant isomer
of SCz@Ce4.

A 13C-NMR spectrum of SEdCgy(Ill) in CS; solution is
shown in Figure 2. The spectrum was obtained after 130 000
scans (for 144.5 h) at room temperature. The spectrum consists
of a series of 10 distinct lines of near-equal intensity and one
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Figure 2. 3C-NMR spectrum of S@GCs(lll) in CS; [added Cr(acag)

(acac, acetylacetonate) as a relaxant] after 130 000 scans at room
temperature. The marked peak is due to impurities.

additional line at half the intensif?. All of the 11 NMR signals ~ Figure 3. Static molecular structure for 5@ Ca(lll) consistent with
a ; ; ; i the 13C-NMR results (see text).

ppear in the chemical shift range 13848 ppm, which is
similar to that of hollow G4 (134-145 ppm). A wider range  the Gy-Dyg (No. 23) fullerene in a symmetric position with
Spectrum (nOt ShOWn) shows no other resonances, Conflrmlngrespect to the center of theaﬁcage_ A recentab initio

high sample purity. calculatio®® has predicted that such an endohedral structure is
It is well-known that there are 24 IPR (isolated pentagon the most stable structure. It also predicts that each Sc atom
rule® satisfying structural isomers for the hollowGullerene?” donates two valence electrons to they €age, leading to a
Experimentally, two isomer£), (No. 227 andDzq (No. 23)27 formal electronic structure (8t),@GCs4*~. However, at least
are mainly produced by arc discharge of graphite f8dshe at room temperature, some dynamical averaging of the Sc ions

result that the present NMR spectrum shows 10 strong lines of might be taking place around the optimum scandium position

near-equal intensity and a weak line at half the intensity is such as in Figure 3. This is mainly due to Coulomb repulsion

compelling evidenc¥ that the Se@Ce4(Il) metallofullerene between the two $¢ cations within the cage. This dynamical
has theD2q (No. 23) symmetry and that the two scandium atoms picture for the endohedral structure of ;@Cs4(Ill) is also
must be equivalent within the time scale of the NMR measure- consistent with the present NMR results. In fact, our preliminary

ments. This reflects the geometrical equivalence of the two Sc synchrotron X-ray powder diffraction study on 82Cs4(1l1) 3

atoms in the gs cage. The present NMR results show that the shows strong evidence that this is a better structural description

two Sc atoms are indeed trapped within thg €age. A similar than the static picture.

equivalence of trapped atoms has been reported on an endohe- The fact that in Sg@ Ga4 the two Sc atoms are preferentially

dral triscandium fullerene, S@Gs2 based on an analysis of  trapped within one of the two major isomers of the correspond-

the hyperfine structure of the corresponding ESR measure-ing hollow G, fullerene, G4-D2g (No. 23), will be an important
ments?:10.20 o clue for elucidating the growth mechanism of endohedral

An endohedral structural model for Z@Cgq(lll), which is  metallofullerenes.’3C-NMR studies on the other two isomers,
consistent with the presedfC-NMR result, is presented in Se@GCs4(l) and Se@Cs4(ll), are now in progress.

Figure 3; the two Sc atoms are encaged alon xis of
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