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In a gas-phase experiment, Shvartsburg et al. recently re-
vealed the presence of several ball-and-chain fullerene dimers
(e.9., Go—Cn-60) in which fullerenes are linked by carbon
atoms! When fullerene cages are linked by a bridge atom, they
form Cn—X—C,, type dimers. In particular, the all-carbon
(Com—C—Cyn type) fullerene dimers are of considerable interest for
their unique properties and as model compounds in nhanomaterials
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The synthesis method is simple, as described in Scheme 1. Threel__. 1 MALDLTOF MS of C G (b). C 4 Gu (d
samples, 6 (30 ), [Geo + Cro] (30 rnlxt_ure, Wt./ wt= 1'?')’ and . Tlr‘?é’ ri?lsét is the observed izotolSilc(ep‘))éﬁé?;((rzégéztilv(g)iyoan?zatign, r(ef)léction
CGO_(30 g), were separately wrapped in high-purity alumlnum f0|Is,. mode, and 9-nitroanthracene as a matrix). For HPLC analyses of these
radiated by reactor neutron beams for 2 h, and then dissolved inproducts of three irradiated samples, see Figures6Sih Supporting
toluene under ambient conditions. Each sample was separated bynformation.
HPLC (Waters 600E) with Cosmosil 5PBB and Buckyprep columns PP
(Nacalai Tesque) using toluene as a mobile phase. The chromato-
graphic results with the 5PBB column (see Figure S-la in

Supporting Information) show intensive peaksmat 84.1 (L—1), §§ @

94.0 (L—I1), 104.0 (L—111), 201.7 (2), and 231.08) min in addition Energetic
to the unchanged reactantgo@17.0 min) or Go (30.2 min). The without formation X
fractions obtained with the 5PBB column were further separated Cno of Cy40, Ciap...
using Buckyprep columns (see Figure S1b,c in Supporting Informa-

tion). The HPLC fractions were analyzed by MALDI-TOF-MS b /

(AutoFlex, Bruker Co.). The results (Figure 1) indicate that fractions Energetic
1—I1, 1-1I, and 1-IIl are three isomers of G; (M/z = 1453.2). + radiation \

radiation

without formation

This is consistent with the theoretical prediction of three isomers o of Crxo. Cran X
for C121.8 The fraction2—I (106.2 min,m/z = 1693.7) is a new 6 Cro o
molecule G4;, whose mass and characteristic isotopic pattern are
also in complete agreement with the theoretical prediction. Fractions (c) @r@ Ciai
2-11(121.0 min),3—11 (112.9 min), and3—IIl (118.4 min) have @ Energetic /
the same massyz = 1573.4, gnd are three isomers pf another radiation \ without formation
new molecule 1. A small fraction3—I at tg = 106.6 min has a X

i H : Cso of Ciz, Cina...
mass of G41. It was assigned to be the same isomer as the fraction

2—| because of the same chromatographic retention time. Here, in
addition to the formation of new molecules, of particular interest
is the fact that no even-numbered fullerene dimers such;as C
Ci30, Or Ciyo Were observed, though according to the known
processes for dimer formations they should have been more
probable.

Dragoe et al. studied the structure of,On detail3® Cy3; and
Ci141 must have the same structure, as supported by results from

the STM, FT-IR, UV-vis, and 13C NMR measurements. We
measured G, and Gas; by using high-resolution in situ scanning
tunneling microscopy (STM, Digital Instruments Nanoscope E).
The adlayer of G; or Ci3; was formed on coronene-modified Au-
(111). High-resolution STM images were taken in an aqueous
HCIO, solution with the constant-current mode. The potential of
the tip and the tunneling current were 0.35 V and 1.0 nA,
respectively. The entire molecule of &£(Figure 2a) or G, (Figure

t Chinese Academy of Science. 2b) was clearly recognized as a pair of round bright spots in contact
*Tohoku University. with each other, suggesting that the molecule is not a single big
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new structure: both of the two side cages open [6.6] rings located
at the equator (instead of cap) region of,Cage to create new
chemical bonds for the spiro-carbon of bridge atom. This new
structure makes {z, less polar than G; and provides satisfactory
explanation to the fact thatz of Ci3; is longer than G in
accordance with the correlation between the polar nature and the
chromatographic retention tinie.

In conclusion, we present here the first highly selective reaction
that produces only £—X—Cz; (M = n or m = n) without
Com—Con type fullerene dimers. Utilizing the new method, we have

0 synthesized @3, Cizi, Ciz21, and GadO, of which Ga1 and Gaa
Figure 2. High-resolution in situ STM images of g (a) and Ga (b). were prepared and characterized for the first time. Tha-kke
Difference in size betweenggand Go units and the bridge space between  structures of Gz and Gy were supported by STM, FT-IR,
side-cage units are clearly recognized. UV —vis, and'®C NMR results. The method is capable of producing

new Gn—X—C,, molecules by chemical modification of precursors

to introduce different X-atoms into the reaction system prior to
radiation. The energetic neutron radiation could create reactive sites
for covalently bonded bridges between fullerene molecules origi-
nally only weakly bound by van der Waals force. This may open
a new subject and provide a practical approach for polymer sciences
of fullerenes and fullerene derivatives.

cage but consists of two cage units. Thug;@nd G4; must have
the structures of §—C—C7¢ and Go—C—Cyq, similar to that of
C121 (Ceo—C—Csp).28 Here the linear depiction is not meant to
signify a linearity of the molecule.

The measurements of FT-IR spectra ok{and Gg; verified
the presence of ggand/or Go monomers in Gs; or Ci4; molecules.
Moreover, peaks for a cyclopropane skeletal stietetspectra of
C131(1025.8 cnt) and G4; (1026.9 cn?) were also observed (see Acknowledgment. We thank Prof. Y. F. Liu of Peking
Figure S7a-c in Supporting Information3C NMR of Cy3; were University, Prof. Ya-ping Sun of Clemson University for discus-
measured in a solvent of 1-chloronaphthalene with Cr(a@ch sions, and Dr. Miyake, Chemistry Department of Tokyo Metro-
relaxant and benzerdy-for the internal lock. Resonances fron?sp politan University, for discussions on tA& NMR spectra. This
carbons were theoretically expected in the range from 113 to 141 work was supported by research funds from MOST (2001CCA03800)
ppm, which were completely covered by strong signals (in the and National Natural Science Foundation of China (10490180 and
region from 117 to 140 ppm) of the solvent. Resonances at 64.49,10275071).

63.44, 62.02, 61.57, and 59.78 ppm in thérggion were observed. ) ) ) ]
d Supporting Information Available: Data of HPLC separations,

The first four signals were assigned to the bridgehead carbons, and ! ) . ;
the last one was assigned to the intermediate bridge carbon at()m!solatlons, of products from three different starting materials, and

Results of UV-vis absorption measurement of/cand Ga; FT-IR SpeCt.ra and U_Vv_is abs_o rption spectra for new moleculesC
(see Figure S8 in Supporting Information) revealed that the energy and‘Q;;l. This material is available free of charge via the Internet at
required forz—as* transition in Gay or Cy4p is similar to that in hitp://pubs.acs.org.
the G or C;p monomer. The absorption bands of;C(324 nm)
and Gg; (323 nm) are very close to those 0§g@335 nm) and &
(334 nm). This suggests the existence gf &d/or Go cage units
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