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|. INTRODUCTION

It is customary to assume that fullerenes are #iban molecules having a shape close to a
spherical surface which can be composed of reg@aragons combined with regular hexagons. From
this it follows that the least fullerene has tweatgms forming twelve pentagons. We have supposec
that this restriction is unnecessary [1]. In otherds, we have taken the terrfulteren€ in a broad
sense as any convex shape inscribed into a sphsuidace which can be composed of atoms, each
atom havingthree nearest neighbarsas in usual fullerenes, whenever discussing thwlbarbon
clusters. This geometrical approach allowed usbtain possible forms of the broad-sense fullerenes.
To gain a more penetrating insight into their natuve have also taken into consideration, along wit
the atomic structure of these spherical moleculesy electronic structure [2]. For this purpose we
have developed an enlarged version of the theo§itigwick and Powell [3] according to which:

— Geometry of a molecule is dictated by the arrangeragelectron pairs in the valence shell of
atoms;

— Each shared electron pair, forming a covalent boad,be considered as a point charge;

— All the electron pairs of a molecule arrange thdweseinto such configuration which ensures
their equal and maximal removing from each other.

Sidgwick—Powell’s theory, created in 1940, alloweglaining and predicting stereochemical
properties of many simple molecules (more than 1300 This theory was extended in the twenty-
first century and applied to cyclic molecules sashcyclohexane [4] and usual fullerenes [5], which
have no a central atom. The all-important resuluafh extension consists in the followirige hidden
symmetry of special electronic pattern does nohade with that of atomic oneHowever, it is
preciselythe electronic pattern that defines the atomic dtite

The modified approach developed in [4] was appitethe broad-sense fullerenes [1]. Contrary
to the previous approaches [3, 4], where atomsed@ctron pairs had their own spheres, the main
innovation in [1] is the additional postulate:

— Atoms and shared electron pairs, forming covalemids, are locatedn one and the same
sphere

It follows herefrom that the geometry of both thec&onic structure as well as of the atomic
structure of fullerenes can be most convenientlystroicted and studied with the help spherical
geometry

Up to now mechanism of fullerene formation is uacl@ he irrefutable fact is as follows. If to
take one electrode @€'® graphite and another of ordinay@'? graphite, the fullerene, formed in an
electric arc, hagC*® — andsC** — atoms arranged on a fullerene surface in randam It follows
herefrom that fullerene assemblage originates Beparate atoms (or maybe fr@nfragments).

In this contribution we used this fact and the apph developed in [1] as the basis for
predicting possible ways of broad-sense fullerdoa®wation. Besides, as in [6], we have used graph
theory [7] to represent formation of carbon clustéheir transformation from a cluster to a fultexe
and their final configurations.

[l. TETRAHEDRAL FULLERENEC,

Let us start with a reaction-active single carbtomma One can envision two ways of forming a
cluster of four carbon atoms (Figs. 1a, 1b). Cagrsibe first way which incorporates three stages. (F
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la). In the first stage the single atom adds amadteem and activates it. In its turn the secondnato
adds two other atoms, forming a simple branchirtge $econd way consists of two stages (Fig. 1b).
Here the reaction-active atom adds at once thi@masatvhich create covalent connected pairs. If the
process starts with a reaction-active carbon din(rigr 1c), we have only two stages. At the firseo
each dimmer atom adds other atoms; then mutualnrof the covalent bonds formed leads to
arranging a tetrahedron. In all the cases the psocensists of several stages which can differthmut
final configuration due to folding is one and tlem® tetrahedron. It can be represented with one of
isomorphic graphs having four vertices (Figs. la), 1

It should be noted that the diagram shown in Fay.islidentical with one of the diagram
(simple branching) illustrating formation processt ronly of an athermal tetravacancy under
irradiation but also that of a branched polymeirimypolymerization [6].

e
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Figure 1 — Different ways of forming a cluster otif carbon atomsa( b, c) and graph
representation of a tetrahedral fullerene in tenfof isomorphic graphsl( e).

Consider the transform of a carbon cluster inteteahedron. According to our postulate, each
carbon atom can have, as usual fullerenes, thrghbuws who are located with the nucleus atom on
one and the same sphere (Fig. 2a). Here the langjescrepresent carbon atoms; the small ones refel
to electron pairs. In other words, we have a cluaith three covalent bonds; the tail atoms having
unshared electron pairs which also lie on a sphethe growth of this cluster is suppressed, te t
atoms, due to the interaction of their unsharedteda pairs (Fig. 2b), create covalent bonds betwee
themselves fashioning a tetrahedron (Fig. 2chdiutd be emphasized that in the qualitative thégry
Sidgwick and Powell it is supposed that any elecpairs, shared or unshared, can only repel, but no
attract. This restriction is a consequence of Ssumption that the electron pairs can be considesed
point charges. More careful quantitative analysiglee basis of dynamics reveals that it is necgssar
to take into account eigenvibrations of an electpair considering the electron pair as a dynamic
variable [2].

With this in mind, we have shown that each paiygldne role of an external field with respect
to another pair, thus polarizing it. Therefore éhectron pair is a dynamic electric dipole rathert a
quasi-point electric charge. Such dipole represésngdf to be an oscillator, i.e. the system of two
opposite point charges which are equal in absolatee; the distance between them is changing in
consequence of vibrations near a stable equilibposition. As a result, there appeared intramoéacul
van der Waals interaction between the electronspdirfollows herefrom an essential difference
between static charges and dynamic dipoles. Tise gioduce only Coulomb repulsion whereas the
second both repulsion and van der Waals attraclios.just this attraction which leads to produgin
the tetrahedral fullerene (Fig. 3a), having thectetaic structure in the form of an octahedron (Fig
3b). According to [8] an octahedron is the onlyb&taconfiguration for six electron pairs.



Figure 2 — Top view:d) cluster of four carbon atoms, each tail atom ignén unshared electron
pair; formation of new covalent bondy @ives rise to a tetrahedrot) (Atomic and electronic parallels
are shown by dotted circles. The edge length ofdtrahedron ig; the radius of the atomic parallel

isa /\/5; the radius of the electronic parallekig 2.

Figure 3 — Carbon tetrahedron inscribed into a sp(@; here any three atoms lie on one
and the same paralleh)(shared-electron-pairs octahedron correspondiiia)io

[Il. TRIANGULAR PRISMATIC FULLERENECs

The next in size carbon cluster, each atom of virltathree nearest neighbors, which can be
inscribed into a sphere, is a triangular prism. ilaimto the previous procedure for a tetrahedral
fullerene, we can envision different ways of formiat first a cluster of six carbon atoms (Figs. 4a
through d) and then a triangular-prism fullerenetvas graphs having six vertices (Figs. 4e, 4f). It
should be noted that these graphs are isomorphic [7

It should be noted that from a mathematical viewpthe diagram (a) is identical with one of
the diagram (double branching) illustrating formatprocess not only of an athermal hexavacancy at
irradiation but also of a branched polymer at payization [6].

Figure 4 — Different ways of forming a cluster of sarbon atomsg, b, ¢, d) and graph
representation of a triangular-prism fullerenehe torm of isomorphic graphs, (f)

Due to the attraction of electron pairs, there frime triangular-prism (Fig. 5a), having the
electronic structure in the form, which containsenpoint charges with maximum removal from each
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other (Fig. 5b). The electronic configuration oistmini-fullerene coincides with that of an ordipar
molecule having nine electron pairs in its valesigell [8]. For this reason we will use the termogyt
accepted in molecular geometry. According to [8} tbonfiguration is named a three-cap trigonal
prism.

Figure 5 — Carbon triangular prism inscribed ingpaere. Herea)) three atoms of two bases lie on
one and the same paralldd) ine shared electron pairs on a sphere surfatemaximum removal
from each other, so called a three-cap trigonahpri

Because of the page restriction we limited oursely these two examples of mini-fullerene
formation; other examples will be given during therkshop.
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