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Abstract: There were only three known forms or allotropes of carbon molecules - diamonds (tetrahedral
arrangement which is the strongest making it a very hard substance), graphite or pencil lead (lattice sheets) and
soot or charcoal which has no crystalline structure. The newly discovered allotrope of carbon i.e, fullerene
family, are extremely useful in modern as well as biological applications such as nanotechnology, electronics,
architecture, construction, optics, enzyme inhibition, antiviral activity, DNA cleavage, photodynamic therapy,
electron transfer, and other in vitro and in vivo biologica effects. Fullerenes are graphitic cage structures
incorporating exactly twelve pentagons and undergo various chemical reactions. This review deals with various
progresses in studies of fullerenes and their applications.
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I ntroduction

Ever since their experimental discovery in 1985,
fullerenes have attracted considerable attention in
different fields of sciences. The keen interest in
fullerenes is due to much of unusa physical and
chemical properties as well as diversity of their
behavior at various conditions. The discovery and
availability in large quantity of fullerenes have
stimulated their extensive research in a wide variety
of fields such as physics, chemistry, materia
science, biology etc. Their unique carbon cage
structure coupled with immense scope for
derivatization makes fullerenes a potentia
therapeutic agent.? Initialy fullerenes are viewed as
aromatic and quite chemically inert molecules,
fullerenes can actualy undergo various chemical
reactions’ such as nucleophilic addition, Diel’s
Alder reaction, 1,3-dipolar cycloaddition, radical
addition, oxidation, reduction etc.

Various solvent free mechanochemical reactions of
fullerenes have aso been investigated. Most of the
studied mechanochemical reactions of fullerenes
were done by high energy high speed vibration
milling technigue (HSVM), and many fewer
reactions were done by low energy ball milling and
hand grinding.*

The discoveries of single-walled carbon nanotubes
have provided the opportunity to study their
mechanical, optical and electronic properties.
Specifically, their electronic characteristics are
predicted to vary depending upon the nanotube
symmetry and diameter, thus giving either metallic
or semiconducting behaviour. It is very important
for the creation of novel materids for
nanoengineering.

Various extraction and chromatographic techniques
are currently employed for the isolation of fullerenes
because of their immense applications in various
fields.>®

Fullerenesinclude -

Fullerenes: The classical definition of afullereneisa
compound composed solely of an even number of
carbon atoms which form a cage-like fused-ring
polycyclic system with 12 five-membered rings and
the rest six-membered rings; the archetypal example
is the 60-atom structure, where the atoms and bonds
delineate a truncated icosahedron. However, the
term has been broadened to include any closed-cage
structure having 20 or more carbon atoms consisting
entirely of 3 coordinate carbon atoms.
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Fulleranes. Fulleranes are fully saturated fullerenes,
for example, the hydrocarbon CgoHgo.

Fulleroids: Heterof ullerenes, norfullerenes,
homofullerenes, and secofullerenes have been called
fulleroids (fullerene-like) because they resemble
fullerenes in structure but do not conform to the
definition of a fullerene as given above. It is
convenient to refer to them as fulleroids and name
them as modified fullerenes.

Nomenclature

The general problem of fullerene nomenclature has

been first considered by R. Taylor. He proposed the

numbering of atoms in those fullerene isomer that
were isolated so far. However the proposal was
intended mainly to bring some order into naming
fullerene derivatives which were being produced at
an increasing rate. An approved IUPAC
recommendations for naming and numbering the

C60-1,, and C7o-Dsp fullerenes and their derivatives

was prepared in year 2002. There are two system for

naming-

a) Systematic names The  recommended
systematic names for the icosahedral Cgy and the
Dsne)-Cro fullerenes are (Ceo-11)[5,6]fullerene
and (Czo-Dsne)[5,6]fullerene. The parenthetical
prefix gives the carbon content and the point
group symbol; and the bracketed numbers
indicate the ring sizes in the fullerene. The latter
is important in fullerenes with rings other than
fivee and six-membered. The subscript
parenthetical (6) following the point group
symbol D5h in the latter name indicates that the
fiveemembered ring on the five-fold symmetry
axis is surrounded by six-membered rings. This
differentiates this fullerene from an isomeric
(C7o-Dsp)[5,6]fullerene,  which  has  five-
membered rings surrounding the five-membered
ring on the five-fold symmetry axis, which
would have the name (Czo-Dsiys)[5,6]fullerene.
This technique is being further evaluated to
determine its value for differentiating among
other fullerenes with degenerate point group
symbols.

b) Trivial names The names [60-1,]fullerene and
[70-Dsifullerene  given in  the [UPAC
Preliminary Survey are names first introduced
into the literature for the Ceo-l, and Cro-Dspe
fullerenes. Since  important structural
information is omitted from these names, they
are to be considered as trivial names to be used
only for these specific compounds.”*

Classification

Several topological descriptors have been proposed

to evaluate and classify the topological structure of

fullerene isomers: the pentagon adjacency index NP,
the Wiener index WI, the resistance distance RT, the
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Kekulé structure count, the graph independence
number, the number of spanning trees, the
combinatorial curvature, the bipartivity measure of
fullerene graphs, the occurrence number of different
structural motifsin fullerenes.

In the majority of cases, for the stability prediction
of lower fullerene isomers C, with n < 70 the
pentagon adjacency index Np (the so-called
minimal-Np criterion) is used and according to the
minimal-Np rule it is supposed that fullerenes which
minimize Np are more likely to be stable than those
that do not. Consequently, it is believed that the
buckminsterfullerene is the most stable Cg
fullerene, because this is the only one for which Np
has aminimum value (Np= 0)."***

Types of fullerene

Structural variations on fullerenes have evolved well
beyond the individual clusters themselves. Examples
include-

a) Buckyball clusters: smallest member of these
groups include C,, and the most common is Ceg.

b) Nanotubes. hollow tubes of very small
dimensions, having single or multiple walls.

c) Megatubes: larger in diameter than nanotubes
and prepared with walls of different thickness.

d) Polymers.  two-dimensiona and  three-
dimensiona polymers are formed under high-
pressure high-temperature conditions.

€) Nano"onions': spherical particles based on
multiple carbon layers surrounding a buckyball
core; proposed for lubricants.

f) Linked "ball-and-chain" dimers: two buckyballs
linked by a carbon chain.

g) Fullerenerings.™

Structure

Carbon bonds undergo catenation and give rise to
different shapes, demonstrating different properties.
One of the famous substances containing carbon is
diamond, a carbon alotrope, the bounds form an
inflexible three-dimensional lattice, and this unique
shape accounts for the strength displayed by
diamond. Another carbon allotrope is graphite, in
which carbon atoms are planimetrically arranged but
are stacked in layers. The third carbon allotrope is
fullerene, it is a family of caged compounds
composed of only carbon elements. A fullerene C,
consists of 12 pentagonal rings™ and any number of
hexagonal ones, m, such that m = (C, — 20)/2
(Euler’s Theorem)' linked together to form a
geodesic dome. Structure of these fullerenes
resembles as a soccer ball and the typical diameter
of afullerene moleculeis 0.7 nm.*®
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Fig- Allotropes of carbon
a) Diamond b) Graphite c) Lonsdaleite d) C60 (e) C540f) C70
g) Amorphous carbon h) single-walled carbon nanotube

Solubility

A deeper understanding of the interaction of
fullerenes with various solvents will allow rational
choice of solvents capable of purifying fullerenes by

cheaper and scalable methods.

Solubility of fullerenes in various solvents-
Solvent Solubility

(mg/ml)

n-pentane 0.005
n-hexane 0.043
Cyclohexane 0.036
Choloroform 0.16
Dichloromethane 0.26
1,2-dibromomethane 0.50
Methanol 0.000
Acetone 0.001
Benzene 17
Xylenes 52
1-methyl naphthalene 33
1-pheylnaphthalene 50

Physical properties®

Appearance Black/brown powder

Odor odorless

Density 1.65 g/cm®

Standard heat of | 9.08 k cal/mal

formation

Refractiveindex | 2.2 (600nm)

Boiling point Sublimes at 800K

Resistivity 1014 ohms/m

Crystal form Hexagonal cubic

Vapour pressure | 5 x 10° torr at room
temperature

Compressibility | 6.9 x 10™ cm‘dyn

Young’s 15.9 GPa

modul ous

Debye 100K

temperature

Bulk modulous 8.8 GPa

B
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Chemical properties

At an early stage of investigations it was supposed
that fullerenes ought to be chemically inactive and
relativity stable. However it has been later proved
that fullerenes participate in various chemical
reactions. Fullerenes are aso proved to be strong
acceptor of eectrons in presence of many organic
and inorganic donors. There chemical activity results
from an easy breakage of one of the double bond. In
later experiments a way to break single bond has
been found thus alowing preparation of various
types of Cg adducts compound. Regioselective
formation of multiple adducts has allowed study of
the changes in chemical and physical properties that
occur when the conjugated fullerene chromophore is
reduced during an increase in functionalization.
Functiondlized fullerenes are divided into two
classes: exohedra with substituents outside the cage
and endohedral fullerenes with trapped molecules
inside the cage.

Nucleophilic addition

Fullerenes react as electrophiles with a host of
nucleophiles in nucleophilic additions. The
intermediary formed carbanion is captured an
electrophile. Examples of nucleophiles are Grignard
reagents and organolithium reagents. For example
the reaction of Cg with  methylmagnesium
chloride.*

Hydroarylation reaction

Fullerene reacts with chlorobenzene and aluminium
chloride in a Friedel-Crafts akylation type reaction.
In this hydroarylation the reaction product isthe 1,2-
addition adduct (Ar-CC-H).*

Cycloaddition

The [6,6] bonds of fullerenes react as dienes or
dienophiles in cycloadditions for instance Diels
Alder reactions. 4-membered rings can be obtained
by [2+2]cycloadditions for instance with benzyne.
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An example of a 1,3-dipolar cycloaddition to a 5-
membered ring is the Prato reaction.”

Hydrogenation

Fullerenes are easily hydrogenated by several
methods with CgH1g and CgoHzs being most studied
hydrofullerenes. However, completely hydrogenated
CeoHeo is only hypothetical because of large strain.
Highly hydrogenated fullerenes are not stable,
prolonged hydrogenation of fullerenes by direct
reaction with hydrogen gas a high temperature
conditions results in collapse of cage structure with
formation of polycyclic aromatic hydrocarbons, 22’

Hydroxylation

Fullerenes can be hydroxylated to fullerenols or
fullerols by various methods. One method is
fullerene reaction in diluted sulfuric acid and
potassium nitrate to Cgy(OH)1s. Another method is
reaction in diluted sodium hydroxide catalysed by
TBAH adding 24 to 26 hydroxyl groups.®

Electrophilic additions

Fullerenes react in electrophilic additions as well.
The reaction with bromine can add up to 24 bromine
atoms to the sphere. The record holder for fluorine
addition is CgF4s. According to in silico predictions
the as yet elusive CgFs may have some of the
fluorine atoms in endo positions (pointing inwards)
and may resemble a tube more than it does a
sphere.”

Oxidation reaction

Although more difficult than reduction, oxidation of
fullereneis possible for instance with oxygen and
osmium tetraoxide.*

Method of production

Pure graphitic carbon soot with a few per cent by
weight of Cg molecules is produced by evaporating
graphite eectrodes in an atmosphere of about 100
torr of helium. The resulting black soot is gently
scraped from the collecting surfaces inside the
evaporation chamber and dispersed in benzene. The
material giving rise to the spectral features attributed
to Cq dissolves to produce a wine-red to brown
liquid, depending on the concentration. The liquid is
then separated from the soot and dried using gentle
heat, leaving a residue of dark brown to black
crystalline material. Other non-polar solvents, such
as carbon disulphide and carbon tetrachloride, can
also dissolve the material.

An alternative concentration procedure is to heat the
soot to 400°C in avacuum or in an inert atmosphere,
thus subliming the Cg, out of the soot. The sublimed
coatings are brown to grey, depending on the
thickness. The refractive index in the near-infrared
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and visible is about two. To purify the material,
remove the ubiquitous hydrocarbons before the
concentration procedure is applied (for example, by
washing the initial soot with ether). Thin films and
powder samples of the new material can be handled
without special precautions and seem to be stable in
air for at least severa weeks, athough there does
seem to be some deterioration with time for reasons
that are as yet unclear. The material can be sublimed
repeatedly without decomposition. Using the
apparatus described, one person can produce of the
order of 100 mg of the purified material in aday.*

Application

Starting soon after the production of fullerenes in

1990, many efforts have been devoted to the

application of Cg and its derivatives. In fact,

fullerene possesses a variety of interesting biological

properties, such as HIV-P inhibition, DNA

photocleavage, neuroprotection, apoptosis, etc.*

Unfortunately, the low solubility in biological fluids

limits the use of these compounds as new

pharmacophores for structure-activity relationship

studies in medicinal chemistry.® Fullerenes are also

used in eectronic, optic, medical, and cosmetic

applications.

= Earlier experiments performed by Wudl and
coworkers demonstrated that there is inhibition
of the HIV-P in the presence of Cq and are
therefore useful in fighting the HIV virus that
leads to AIDS.

= Easy photoexcitation of fullerenes results in
formation of various species which helps in
DNA photocleavage.

= Cg could produce membrane disruptions by
insertion into phospholipidic bilayers and hence
have antibacterial activity.**

= Fullerenes are powerful antioxidants, reacting
readily and at a high rate with free radicas,
which are often the cause of cell damage or
death.®

= Fullerenes have a property of neuroprotection,
they control the neurological damage of diseases
such as Alzheimer's disease and Lou Gehrig's
disease (ALS).

= Fullerenes and fullerenic black are chemically
reactive and can be added to polymer structures
to create new copolymers with specific physical
and mechanical properties.

= Fullerenes are used in formation of organic
phaotovoltaics (OPVs). The most commonly used
fullerene derivative in OPV applications is
PCBM.36'37

=  Fullerenes have marked ability to accept and to
transfer hydrogen atoms, so they can be
used as catdyst in hydrogenation and
hydrodeal kylations.
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Fullerenes are used in water purification & bio-
hazard protection due to singlet oxygen catalysis
of organics properties of Cgo.

Fullerenes are more sensitive MRI contrast

agents.

= Fullerenes are exceptional free radicd
scavengers.

References

1. Giacdone. F.; Mart i n. N.; Wudl. F.; Fullerene
Polymers. Synthesis, Properties and
Applications; 2009.

2. Byszewski. P.; Klusek. Z.; Opto electronics
review; 9(2); 203-210; 2001.

3. Taylor. R.;; Walton. D.R.M.; Nature; 363; 685 —
693; 1993.

4. Wang. G. W.; Encyclopedia of nanoscience and
nanotechnology; X; 1-9; 2003.

5. Taylor. R,; Hare. J.P.; Abdul Sada. A. K.; Korto.
H. W.; J. Chem. Soc. 1423; 1990.

6. Pircle. W. H.; Welch C. J.; J. Org. Chem.; 56;
6973; 1991.

7. Cozzi. F.; Powel. W. H.; Thilgen. C.; Pure
Appl. Chem.; 77(5); 843-923; 2005.

8. Powell. W. H.; Cozz. F.; Moss. G. P.; Thilgen.
C.; Hwu. R; Yerin. A.; Pure Appl. Chem,
74(4), 629-695, 2002.

9. Godly. E. W.; Taylor. R. Pure &Appl. Chem.,
69(7), 1411-1434, 1997.

10. Fowler. PW.; Horspool. D.; Myrvold. W,
Chemistry.; 13(8); 2208-17; 2007.

11. Babic. D.; Balaban. A. T.; Klein. D. J.; J. Chem.
Inf. Comput. Sci.; 35 (3); 515-526;1995.

12. Giacalone. F.; Martin. N.; Cheminform; 38 (18),
2007.

13. Réti. T.; Laszlé. 1.; Acta Polytechnica
Hungarica; 6(5), 85-93;20009.

14. Wang. C.; Guo. Z.; Fu. S;; Wu. W.; Zhu. D.;
Prog. Polym. Sci. 29 ;1079-1141; 2004.

15. Sharma.A.K.; Meena K.P; Nandan. J.;
Bansal.A.; Inventi Impact: Pharm Tech;
2011(1); 24-27; 2011.

16. Prinzbach. A. et. a.; Nature; 407 ; 60-63; 2000.

17. Wang. G. W.; Encyclopedia of nanoscience and
nanotechnology; X; 1-9; 2003.

18. Ruoff.R.S.; Tse. D.S.; Mahotra R.; Lorents.
D.C.; J. Phys. Chem. 97; 3379-3383; 1993.

19. Sharma A.K.; Meena K.P.;, Nandan. J;
Bansal.A.; Inventi Impact: Pharm Tech;
2011(1); 24-27; 2011.

20. Diederich. F.; Pure & Appl. Chem., 69(3), 395-

400, 1997.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

35.

36.

37.

38.

39.

*kkkk*k

. Anton W. J; Stephen R. W.;

171

Fullerene derivatives are critically affects Mast
cell responses and used in alergy treatment.®
Fullerene black/rubber compounds enhanced
durability of vehicles, lower the heat build-up
and give better fuel economy.

Zhang. S; Lukoyanova. O.; Echegoyen. L.;
Chemistry.;12(10):2846-53; 2006.

Izquierdo. M. et. d.; J. Org. Chem., 74, 6253~
6259;.2009.

Li Yu. J. Wang. G. W.; Li Jia. X.; LiuYou. C; N
ew.J.Chem.,,28,1043-1047;200
4,

Jin. C.; et. At. J. Phys. Chem., 98 (16), 4215
4217; 1994,

Loutfy. R.; Wexler. E.; Chemistry and materia
science; Part VI, 281-287, 2002.

Shigematsu. K.; Abe. K.; Mitani. M.; Fullerene
Science and Technology; 1(3); 309-318; 1993.
Li. T.; Li. X,; Huang. K.; Jiang. H.; Li.
J;Journal of central south university of
technology; 6( 1), 35-36, 1999.

Whitaker.J.;, The Electrochemica Society
Interface; Winter 2011.

Taylor. R.; Comptes Rendus Chimie; 9(7-8);
982- 1000; 2006.

Pei Deng. J.; Yuan Mou. C.; Chung Han. C,;
Fullerene Science and Technology; 5(5); 1033-
1044; 1997.

Graver. J. E.; Siam j. discrete math; 17(4), 596—
614; 2004.

Kroto. H. W.; Heath. J. R.; O'Brien. S. C.; Curl.
R. F.; Smdley. R. E. C.; Nature; 318; 162-3,
1985.

Krétschmer. W.; Lamb. L. D.; Fostiropoulos. K .;
Huffman. D. R.; Nature 347, 354-358 1990.
David I. S;
Bioorganic and medicina chemistry; 4(6); 767-
779; 1996.

Ros. T. D.; Spaluto. G.; Prato. M.; Croatica
chemicaacta; 74 (4); 743-755; 2001.

Quick. K.L.; Ali. SS.; Arch. R;; Xiong. C;
Wozniak. D.; Dugan. L.L.; Neurobiol. Aging;
117; 2008.

Imahori H and Fukuzumi S. Adv. Funct. Mater;
14; 525-528; 2004.

Bredas JL; and Durrant JR; Accounts Chem.
Res, 42; 1689-1692; 2009.

Ryan. JJ.; Bateman H.R.; Stover. A.; Gomez.
G.; Norton. SK.; Zhao. W.; J. Immunol, 179
(1); 665-672; 2007.



