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Abstract

Abstract

Despite of the huge number of fullerene isomers in topology, only a tiny fraction
of them can survive in air. The most notable fullerenes are I,-" 22 Cgo and Dsp-">*Crq
which obey the famous isolated pentagon rule (IPR). Numerous fullerene isomers
violate IPR and thus render them chemically reactive. Outside the gas phase, they are
hard to be synthesized in the form of pure all-carbon molecules. Therefore, researches
on fullerenes have overwhelmingly predominated on 1,-"1812Cgy and Dsy-"21*C50. The
recent availability of a series of non-IPR chlorofullerenes which have been
synthesized through classical Kriatschmer-Huffman synthesis by introducing CCly as
the chlorine source provides the possibility of experimental investigation on non-IPR
fullerenes species.

Mechanism of fullerene formation has been argued for many years. We herein
proposed a *C-marked method to trace fullerene growth in Kritschmer-Huffman
process. Revealed by a series of C labeled experiments and mass/energy
conservation equation simulation, it is proved for the first time that the non-IPR
fullerene grows together with conventional fullerene at the arc zone (~2.4 mm from
the arc center) with the temperature as high as 2360 K during the bottom-up clustering
process. Configurational connections among captured non-IPR fullerenes suggest that
C, insertion and Stone-Wales rearrangement might play the important role in the last
step of fullerene formation process.

Experiments on non-IPR Cgy isomers were performed on the basis of thermal
dechlorination of chlorofullerenes in solid state and gas phase. #1812C60C16 was
employed for comparative study. The experimental evidence suggests the collapse of
the crystal lattice and coalescence of the annealing products of *'***C¢Cls in the solid
state. By contrast, dechlorination via thermal spray of #1809C60Clg or #1804C60C112 in the
gas phase is appropriate for capturing of monodispersed all-carbon non-IPR Cg
isomer. The existence of “'**Cgy and "***Cy in the gas phase has been confirmed by
experimental evidence from mass spectrometry. The present evidence demonstrates
that it may be feasible to experimentally investigate pure all-carbon non-IPR Cg in
the gas phase.

Derivatization of “'#12C¢, has been an attentive research field in fullerene due to

iii



Abstract

their unique structures and potential applications. A series of fullerene-based amino
acid esters "*'?CgRsCl have been prepared based on nucleophilic substitution
reaction of #1812C60Cl6. Such molecules are able to exhibit amphiphilic behavior and
self-assemble to form spherical bilayer vesicles in acetonitrile at nanoscopic scale.
The reactions involving #1809 ,Clg and various amino acid esters have been explored
as well. The main products of these reactions depend on the nucleophilic ability and
volume of substituents. The fundamental studies on the reaction of #1809C60C18
facilitates for functionalization of non-IPR fullerenes.

Superconductivity is one of the most fascinating properties of fullerenes, which
has attracted much interest in this new form of carbon. Although computational works
suggest that many fullerene cages can be candidates for superconductors, *'*'?Cgy is
the only structure with superconductivity demonstrated so far. In order to investigate
superconductive property of non-IPR fullerenes, we developed a method for
synthesizing potassium doped fullerene starting from chlorofullerenes. The polymer
of #1812C60 which was produced from solid thermal pyrolysis of #1812C60C16 has
showed superconductivity after doped by potassium. The results reveal that
superconducting transition temperature and shielding fraction are related to the
polymerization degree and residual chlorine of fullerene polymer. In addition, the
potassium doped polymer of “'®*C¢ which was produced from ***C4Cl;, has
showed plausible superconductivity.

Keywords: non-IPR  fullerene; Cg isomer; 13C—marked; self-assemble;
superconductivity
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