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Fullerenes and Their Uses 

 
Fullerenes 1-4 are nanosize spherical particles solely made up of 
elemental carbon. These can be looked upon as another allotrope 
of carbon with physico-chemical properties distinctly different than 
the other forms of carbon. The fullerenes are also known as 
‘Buckminster Balls’ or ‘Buckyballs’. These were invented towards 
the last decade of the 20th century and the research interest has 
been growing very rapidly. The fullerenes along with the carbon 
nanotubes represent nanomaterials made up of carbon and have 
assumed great significance in the field of nanotechnology. The 
fullerenes are formed from graphite by rolling up of the graphene 
sheets to form a cage like hollow balls. These can be considered 
as zero dimensional nano particles or ‘carbon quantum dots’.  
 In short, the fullerenes can be defined as near spherical, hollow, 
nanosize and monodisperse polymeric molecules of elemental 
carbon with typical formula of C60. 
 
The fullerenes are produced starting with graphite by two different 
methods: Laser assisted vaporization and arc discharge. 
While there are variety of fullerenes like C60, C70, C76 and C 84, 
the C60 fullerenes are the most abundant. The structure of a 
typical C60 fullerene molecule is as follows: 
 
            

 
 

          Figure: C60 Fullerene Structure 
 

The carbon atoms in the graphene sheets are placed in hexagonal 
arrangement with sp2 hybridized structure. The edges of these 
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sheets possess enormous amount of energy due to the dangling 
bonds which are used to form the rolled up spherical structure 
where all carbon valencies are satisfied. During the formation of 
the ball shaped structure from the graphene sheets, it is 
impossible to obtain the desired curvature if all the hexagons are 
to be retained. This is overcome by formation of some pentagonal 
structures in addition to the hexagonal structures. Typically in a 
C60 fullerene molecule, there are 20 hexagons and 12 pentagons. 
No two pentagons are adjacent and are isolated from one another 
by hexagons. Thus a fullerene molecule is made up of 32 flat 
surfaces comprising hexagons and pentagons. This structure is 
similar to a soccer ball. There are 60 corners where carbon atoms 
reside. Each carbon atom is attached to three others and is sp2 
hybridized. This unique structure imparts special properties to 
fullerenes as discussed below: 
 
Physical properties: 
 

1. The molecular diameter is of the order of 0.71 nm. All 
particles ( i.e. Molecules) are exactly of the same size and 
shape. 

2. There is a structural perfection (called as ‘icosohedral 
symmetry’) in every molecule and can serve as molecular 
building blocks for nanomaterials. 

3. The spherical structure is hollow. 
4. The colour of the C60 fullerene in powder form is black. 
5. Their colour in the dispersed form depends upon the 

concentration or the film thickness and varies from mustard 
to purple to black. 

6. Fullerenes are sparingly soluble in solvents like toluene and 
carbon disulfide. 

7.  Band gap (HOMO-LUMO): 1.7 eV 
8. Thermal conductivity @ 300 K:  0.4 W/mK 
9. Electrical conductivity @ 300 K :  1.7 X 10-7 S/cm 
10. Density: 1.65 
11. Refractive index @ 600nm: 2.2 
12. Every carbon atom being identical, the NMR (C13) 

spectrum of fullerenes contains a single line. 
13. IR Spectrum shows four lines, indicative of many 

vibrational degrees of freedom. 
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Chemical properties: 
 
The hexagons in fullerenes contain Kekule’ type alternating double 
bond structure. The pentagons do not contain any double bonds. 
This leads to a restriction on delocalization of π electrons over the 
fullerene surface. Therefore fullerene molecule is not totally 
stabilized, but is reactive like alkenes, amenable to electrophilic 
addition. During these reactions the sp2 hybridization changes to 
sp3 with the bond angle relaxing from 1200 to 109.50, thereby 
relieving the strain in the structure. This opens up many avenues 
for derivatization of fullerenes as shown in the figure (Figure: 
Chemical reactions of fullerenes).  
Fullerenes being hollow spheroids can also be used to 
encapsulate variety of metals atoms. This is called as endohedral 
chemistry. Such intercalation of fullerenes with alkali metals [‘M3 
C60’ where M= K, Rb, Cs] alters the electronic properties .The 
material becomes conductive and also exhibits super conductivity 
at a relatively higher temperature. In the so called exhohedral 
chemistry, metal atoms can form complexes from out side.  
A variety of organically derivatized fullerenes and metallo-
fullerenes are available for specific applications. 
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Figure: Chemical reactions of fullerenes: (Source: Taylor, 
Roger, and David R. Walton. "The Chemistry of Fullerenes."  
Nature 363 (1993): 685-693. 23 Mar. 2007) 
 

Applications of Fullerenes 
 

The applications of fullerenes3 is an emerging field. Their unique 
structure, shape and electronic configuration enable preparation of 
variety of derivatives, composites and hybrid materials that hold 
potential for applications in many fields. The fullerenes also act as 
excellent free radical traps and find application as antioxidants. 
Given below are some of the present and emerging applications of 
fullerenes: 

• Organic photovoltaics: Improved solar cells 
• Polymer based electronic materials 
• Antioxidants to prevent corrosion, food spoilage and plastic 

deterioration 
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• Polymer additives to improve physical and mechanical 
properties. 

• Water purification 
• Catalysis 
• Cosmetics: Radical Scavenger 
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