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Abstract

Abstract

There are a huge number of isomers in fullerene family. The most common
fullerenes are 1-"+812Cgo and Dsp-">14°C;o which obey the isolated pentagon rule (IPR).
According to the isolated pentagon rule, which states that the fullerenes with isolated
pentagon rings separated by hexagon rings are stable. These kind of stable fulierenes
with isolated pentagon rings are called IPR fullerenes. Otherwise, for those with fused
pentagon rings are reactive and unstable, which are called non-1PR fullerenes. In fact,
except I-Ceo, for other fullerenes smaller than Cy, it is topologically impossible to
have all the pentagon rings isolated. The number of non-IPR fullerene isomers is
much larger than that of IPR ones for a given cluster size.Up to now, several tens of
non-IPR fullerene isomers have been characterized already. However, much more
experimental results are needed to verify and complement the theoretical study for the
stablility and reactivity of non-IPR fullerenes. In this dissertion, a new chlorination
pattern was revealed for stabilizing non-1PR fullerenes with triple directly fused
pentagons by **¥'Cg,Cls. The oxidation of non-1PR fullerene were also studied in this
dissertion through the oxidation of ***CssClyo, with two possible oxidation
mechanism proposed. Five parts are included in this dissertion as follows:

Chapter 1: Introduction of research background, synthesis, separation,
characterization and application of fullerene. The main focus of this chapter is to
elucidate endohedral and exohedral derivation approaches for stabilizing non-IPR
fullerenes. The stabilizing mechanism and the chemical reaction concerning non-1PR
fullerene are summarized especially.

Chapter 2:  The non-IPR Cg,4 cage (No. 1911) with triple directly fused
pentagons (TDFP) has been synthesized as the octachlorinated derivative CgsCls,
which was isolated and unambiguously characterized by X-ray diffraction. A new
chlorination pattern was shown, with one of the four carbon atoms at the pentagon

fusions unsaturated. The survival of the sp?- hybridized carbon atom of the TDFP unit



Abstract

in the chlorination is rationalized by both the decreased pyramidalization angles of the
surrounding carbon atoms and the aromatic benzenoid fragment involved. The present
work provides a new exohedral pattern for stabilizing TDFP-containing fullerenes and
sheds new light for understanding the stability of non-1PR fullerenes.

Chapter 3:  For the first time, oxidation of non-IPR fullerenes are revealed by
the crystal structure of ***3CssCl100. Surprisingly, our finding showed that the
oxidation of non-IPR fullerene chlorides has no direct correlation with fused
pentagons. Oxygen addition occurred at the shorter C-C bonds which have higher
electron density and possess more double bond character. On the other hand, more
negative NICS values of carbon hexagon rings underly more aromatic properties. The
shorter C-C bonds in more aromatic carbon hexagon rings are stable to survive
oxidation. In non-IPR fullerene cage of #13C.Clyg, the electron density of C-C bonds
showed the characteristic of locality. Since non-1PR fullerene isomers are the majority
in fullerene family, this finding would benefit the understanding of mechanism in
fullerene oxidation. The epoxidation of non-1PR chlorofullerenes also provides a
highly regioselective and advantageous synthetic methodology for the synthesis of
novel fullerene adducts.

Chapter 4: The as-produced boron nitride nanotubes (BNNTS) possess a large
amount of amino groups which were obtained by a modified carbon-thermal
substitution. The N-H bonds attached to BNNTSs surface can facilitate Au and Pd
nanoparticles assemble onto the BNNTSs surface. Both the Au and Pd functionalized
BNNTSs were found to be excellent nanocatalysts in the catalytic reduction of
p-nitrophenol, and showed distinct stability in ten cycles of catalysis.

Another method for preparing the BNNT-based nanocatalysts was developed
using supercritical CO,. Nanoparticles can be functionalied onto the surface of
BNNTs or into the channel of BNNTs.The Pd functionalized BNNTSs prepared by
supercricital CO, showed excellent catalytic reactivity in both catalytic oxidation of
carbon monoxide (a gas phase catalytic reaction) and the catalytic reduction of

p-nitrophenol (a liquid phase catalytic reaction).
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Chapter 5: Conclusions to all the works related to this dissertation are
summarized, and the future studies are prospected.

Key words: non-IPR fullerene; triple directly fused pentagons;oxidation



Degree papers are in the “Xiamen University Electronic Theses and Dissertations Database”. Full
texts are available in the following ways:

1. If your library is a CALIS member libraries, please log on http://etd.calis.edu.cn/ and submit
requests online, or consult the interlibrary loan department in your library.

2. For users of non-CALIS member libraries, please mail to etd@xmu.edu.cn for delivery details.



http://etd.xmu.edu.cn/
http://etd.calis.edu.cn/
mailto:etd@xmu.edu.cn

