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Abstract:  
A fullerene is an allotrope of carbon in the form of a hollow sphere or in many other shapes. Spherical fullerenes 

are also referred to as Buckminster fullerenes or buckyballs. Cylindrical fullerenes are also called as buckey tubes. 

Fullerenes composed of less than 300 carbon atoms, or endohedral fullerenes, are commonly known as 

“buckyballs” and include the most common fullerene, buckminsterfullerene, C60. Giant fullerenes, or fullerenes with 

more than 300 carbon atoms, include single-shelled or multi-shelled carbon structures, onions, and nanotubes. The 

first buckminster-fullerene C60 was actually discovered in 1985. It seems to be that the history of fullerenes research 

is very short. However it now has become clear that fullerenes exist much longer than mankind. They have been 

found in interstellar dust and meteor rocks and seem to be present everywhere in the universe. So one might be 

astonished that their discovery took that long. But since then fullerene research skyrocketed in a way that may only 

be compared with the field of high temperature superconductivity. 
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INTRODUCTION: 

Carbon, the basis of life, is one of the most common 

elements and one of the most studied. It comprises 

the whole discipline of organic chemistry.  A study of 

pure carbon would not seem all that exciting to most 

chemists. However, for British chemist Harry Kroto 

and the colleagues he enlisted in his research, a study 

into carbon molecules led to the discovery of a 

previously unknown, all-carbon molecule known 

today as a fullerene.  

 

Harry Kroto, an organic chemist in the University of 

Sussex in the United Kingdom, became fascinated 

with various “peculiar” aspects of carbon chemistry. 

He also was interested in astrochemistry, the makeup 

of space and celestial bodies in the universe.  Kroto 

wanted to investigate the origins of the long linear 

carbon chain molecules he and Canadian scientists 

had discovered in interstellar space. He hypothesized 

that these unusual, long, flexible molecules had been 

created in the atmospheres of carbon-rich red giant 

stars, and he wanted to test this theory. But carbon, 

one of the most common elements, was already one 

of the most studied.  

 

At first, it was difficult for Kroto to find support for 

his research. At a conference in 1984, Kroto  met his 

friend Robert Curl, an American chemist who was 

working with colleague Richard Smalley at Rice 

University in Houston, Texas, to study atom clusters 

using a special instrument Called an AP2 (“apptwo”), 

the machine helps scientists study clusters of any 

element. The three scientists, aided by graduate 

students Sean O’Brien, James Heath and Yuan Liu, 

conducted the study. The students ran the AP2 with 

Kroto directing the experiments.  Within days, two 

significant results emerged from the experiments: 

First, the team found the long carbon chains in 

Kroto’s hypothesis. Second, the scientists observed a 

previously unknown molecule of pure carbon.   

Using a mass spectrometer (a device used to 

determine the mass and molecular composition of 

molecules), the students noticed something 

remarkable: an odd indication of a molecule 

containing sixty carbon molecules. The molecule, 

C60, formed very readily and exhibited extraordinary 

stability. All known carbon-containing molecules, 

even benzene, a very stable ring of carbon atoms, 

have edges that terminate with other elements. But 

C60 was inert it did not need hydrogen, or any other 

element, to tie up its bonds.  

 

The scientists were stumped at first by the stable, 60-

carbon molecule that did not react with other 

molecules, which suggested it had no dangling bonds. 

Then they decided to find out the structure. The team 

considered two candidates for the structure of C60: a 

flatlander model where carbon was stacked in 

hexagonal sheets, with the dangling bonds tied up in 

some fashion; or a spherical form where the 

hexagonal graphite sheet curled around and closed. A 

spherical structure would have no dangling bonds. 

 

 At some point Buckminster Fuller, an American 

architect known for designing spherical structures 

called geodesic domes was mentioned. Kroto recalled 

Fuller’s architecture from a visit to the 1967 World 

Exposition in Montreal. At first, some scientists were 

skeptical of the team’s discovery. With carbon being 

so well studied, few imagined that new all-carbon 

structures would be possible. However, by the late 

1980’s, further proof of the existence of fullerenes 

made acceptance widespread.  In 1996, Curl, Kroto 

and Smalley received the Nobel Prize in Chemistry 

for their discovery of fullerenes. Research on 

fullerenes has resulted in the synthesis of more than a 

thousand new compounds. The discovery of 

fullerenes also led to research in carbon nanotubes, 

the cylindrical cousins of buckyballs.  

 

Research on fullerenes has resulted in the synthesis of 

more than a thousand new compounds. The discovery 

of fullerenes also led to research in carbon nanotubes, 

the cylindrical cousins of bucky balls. six crystalline 

forms of the element carbon were known, namely 

two kinds of graphite, two kinds of diamond, chaoit 

and carbon. The latter two were discovered in 1968 

and 1972. Fullerenes are the third allotropic form of 

carbon material after graphite and diamond. 
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                                 Graphite                                Diamond                                   Fullerene 

 

When fullerene was first discovered, there was much 

excitement about practical applications. It was 

speculated that buckyballs would make great 

lubricants, rolling like little ball bearing between 

other molecules. Or perhaps drugs could be trapped 

inside the cages, and then released slowly by a 

triggering mechanism that could break open the cages 

inside the body. 

 

C60 is a molecule that consists of 60 carbon atoms, 

arranged as 12 pentagons and 20 hexagons. The 

shape is the same as that of soccer ball: the black 

piece of leather are the pentagons, the hexagons are 

white. There are 60 different points where three of 

the leather patches meet. Imagine a carbon atom 

sitting at each of these points, and you have a model 

of the C60 molecule. That model, however, is vastly 

out of the scale and if the C60 molecules were the size 

of a soccer ball in turn would be roughly the size of 

the earth. The most striking property of the C60 

molecule is its high symmetry. There are 120 

symmetry operations, like rotations around an axis or 

reflections in a plane, which map the molecule onto 

itself. This makes C60 the molecule with the largest 

number of symmetry operations, the most symmetric 

molecule. Based on a theorem of the mathematician 

Leonhard Euler, one can show that a spherical surface 

entirely built up from pentagons and hexagons must 

have exactly 12 pentagons. Depending on the number 

of hexagons, molecules of different sizes are 

obtained. They are called fullerenes. Fuller was 

renowned for this geodesic domes, those are based on 

hexagons and pentagons. Fullerenes are a class of 

closed-cage carbon molecule, Cn, characteristically 

containing 12 pentagons and a variable number of 

hexagons.  

              Hexagons = (carbon atoms) – 20/2 

 

Fullerenes composed of less than 300 carbon atoms, 

or endohedral fullerenes, are commonly known as 

“buckyballs” and include the most common fullerene, 

buckminsterfullerene, C60.Giant fullerenes, or 

fullerenes with more than 300 carbon atoms, include 

single-shelled or multi-shelled carbon structures, 

onions, and nanotubes. 

 

Chemistry of fullerene 

The C60 surface contains 20 hexagons and 12 

pentagons. All the rings are fused, all the double 

bonds are conjugate. Initially hypothesized as a 

‘super aromatic’ molecule, carbon was rather found to 

possess a polyenic structure, with all the double 

bonds inside the six-membered rings. X-Ray crystal 

structure determinations on C60 and on some of its 

derivatives have proved the existence of two different 

types of bonds: ‘short bonds’ or 6,6  junctions, shared 

by two adjacent hexagons (1.38 A° long) and ‘long 

bonds’, or 5,6 junctions, fusing a pentagon and a 

hexagon (1.45 A° long). The geometric demand of 

the spherical cage is such that all the double bonds in 

C60 deviate from planarity.  

 

This pyramidalization of the sp
2 

hybridized carbon 

atoms confers an excess of strain to C60 which is 

responsible for the enhanced reactivity of the 

fullerene. A release of strain is in fact associated with 

the change of hybridization from sp
2
 to sp

3
 that 

accompanies most chemical reactions. The chemical 

reactivity of C60 is typical of an electron deficient 

olefin. C60, in fact, reacts readily with nucleophiles 

and is a reactive 2p component in cyclo additions.  
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The vast majority of reactants will attack the 6,6 ring 

junctions of C60, which possess more electron 

density. Insertions into 5,6 bonds have been reported 

only as rearrangements following a 6,6  junction 

attack. The main objective of fullerene chemistry is 

the production of well-defined, stable and 

characterizable adducts. Adducts can be obtained by 

careful hydrogenation (Nu=E=H), or by addition of a 

nucleophile followed by quenching with acid or an 

electrophile. 

 

Production 

The arc discharge method developed by Kratschmer’s 

group in 1990 remains until now the major tool for 

synthesizing fullerenes. Several works have been 

done for the macroscopic production of the fullerenes 

by using other different techniques, laser ablation, 

electron beam evaporation, heat resistive method, 

diffusion flame and ion beam sputtering.  

It is generally accepted that the fullerenes and carbon 

nanotubes are formatted in special conditions: at a 

very high temperature (a laser beam or an electric arc 

discharge evaporation of graphite) and in an inert gas 

atmosphere at a reduced pressure. On the other hand, 

fullerenes, fullerene derivatives and fullerene-like 

structures have been detected in the soot produced for 

technical applications and also in the diesel motor 

soot. The electric arc is still one of the nest methods 

to produce fullerenes, which is why we decided to 

carry out an installation in order to produce carbon 

nanostructures with large values of the fullerene yield 

(fullerene mass proportion in the soot) and 

productivity. 

 

The fullerenes were prepared by evaporation of 

carbon electrodes in an electric arc discharge process 

in helium atmosphere. The main part of the 

deposition system consists in a stainless steel, double 

walled, cylindrical chamber. Between the two 

chamber walls is flowing the cooling agent, the 

temperature being automatically controlled. The two 

electrodes were horizontally mounted near the bottom 

of a reaction chamber. For the anode electrode we 

have used pure graphite electrodes of a diameter of 6 

mm and the length of 140 mm. The second electrode 

consists in a pure graphite disk, mounted at the 

bottom of the reaction chamber. The reaction 

chamber acts also like a soot collector. The anode is 

mounted in a guiding system, controlled by a 

mechanical system in order to assure a constant 

distance between the two electrodes during arc 

discharge. DC power supply unit was used and 

operated at the voltage of 10– 20 V and the current of 

0–250 A. In order to avoid the heating of the 

connection connectors, the electrical contact was 

made directly between the two electrodes and the 

discharge chamber walls. 
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To obtain the carbon soot, the chamber is evacuated 

of the air until a pressure of 10–3–10–4 Torr. The arc 

discharge is start up for 2–3 minutes, in order to heat 

the electrodes at the working temperature. After that, 

the chamber 3 Arc discharge installation for fullerene 

production 275 was filled in with a noble gas (argon 

or helium) at the pressure between 50 and 200 Torr. 

The arc intensity is controlled by the distance 

between the electrodes. During the process, the 

temperature of the chamber walls is maintained at 30 

± 2°C. The carbon soot was investigated using X-ray 

diffractometry with a “DRON 2.0” apparatus. 

Fullerene C60 was extracted from de soot with 

toluene and by vacuum evaporation. 

 

Types of Fullerene 

Buckyball clusters   

Smallest member is C20 (unsaturated version of 

dodecahedrane) and the most common is C60. 

 

Nanotubes 
These are cylindrical fullerenes. These tubes of 

carbon are usually only a few nanometres wide, but 

they can range from less than a micrometer to several 

millimeters in length. They often have closed ends, 

but can be open-ended as well. There are also cases in 

which the tube reduces in diameter before closing off. 

Their unique molecular structure results in 

extraordinary macroscopic properties, including 

high tensile strength, high electrical conductivity, 

high ductility, high heat conductivity, and 

relative chemical inactivity (as it is cylindrical and 

"planar" that is, it has no "exposed" atoms that can be 

easily displaced).  

 

Megatubes 
Larger in diameter than nanotubes and prepared with 

walls of different thickness, potentially used for the 

transport of a variety of molecules of different sizes. 

 

Polymers  
Chain, two-dimensional polymers are formed under 

high-temperature conditions, single-strand polymers 

are formed using the Atom Transfer Radical Addition 

Polymerization (ATRAP) route. 

Nano onions 

 Spherical particle based on multiple carbon layers 

surrounding a buckyball core ;proposed for 

lubricants. 

Linked ball-and-chain dimers  

Two buckyballs linked by a carbon chain. 

 

Buckminster fullerene 

Buckminsterfullerene is the smallest fullerene 

molecule containing pentagons share an edge. It is 

the most common in terms of natural occurrence, as it 

can often be found in soot. The structure of  C60 is 

truncated icosahedrons, which resembles an 

association football of the type made of twenty 

hexagons and 12 pentagons, with a carbon atom at 

the vertices of each polygon and a bond along each 

polygon edge.The vander waals diameter of C60 

molecule is about 1.1nm.The nucleus to nucleus 

diameter of a C60 molecule is about 0.71nm.The C60 

molecule has two bond lengths. 

 

Boron buckyball 

A type of buckball which uses boron atoms, instead 

of the usual carbon atom. The B80 structure, each 

atom form in 5or6 bond is predicted to be more stable 

than the C60  buckyball . The number of 6 numbered 

ring in this molecule is 20 and number of 5 

membered rings is 12. There is an additional atom in 

the center of each 6 member ring bonded to each 

atom surrounding it. 

 

Fullerite 
These are the solid-state manifestation of fullerenes 

and related compounds and materials. "Ultrahard 

fullerite" is a coined term frequently used to describe 

material produced by high-pressure high-temperature 

(HPHT) processing of fullerite. Such treatment 

converts fullerite into a nanocrystalline form 

of diamond which has been reported to exhibit 

remarkable mechanical properties 

 

Electrochemical properties 

From the early days of the functionalization 

chemistry, the electrochemistry of fullerene 

derivatives has been systemically studied. In fact, a 

striking feature of C60, as shown by cyclic 

voltammetry, is that, in solution, this fullerene can 

accept reversibly up to six electrons. The UCSB 

group found that both fulleroids and 

methanofullerenes essentially retain the electronic 

properties of C60.The same behavior has been 

observed for most C60 derivatives. This is expected 

on considering that saturation of double bond in C60 

causes a partial loss of conjugation.  

A more incisive control of the electronic properties of 

the fullerenes might still be a relevant issue. The 

conjugated p-syst em of C60 seems ideally suited for 

non-linear optical (NLO) applications. In principle 

attachment of donors and acceptors in conjugation 

with the fullerene p system should result in an 

interesting push-pull assembly. 

 

Optical properties 

The ground state absorption properties of 

C60,characterized by strong bands in the UV region 

and weaker absorptions in the visible region up to 

650nm,are retained in most derivative .In addition, di 

https://en.wikipedia.org/wiki/Ultimate_tensile_strength
https://en.wikipedia.org/wiki/Electrical_conductivity
https://en.wikipedia.org/wiki/Ductility
https://en.wikipedia.org/wiki/Thermal_conductivity
https://en.wikipedia.org/wiki/Inertness#Chemistry
https://en.wikipedia.org/wiki/Aggregated_diamond_nanorod
https://en.wikipedia.org/wiki/Aggregated_diamond_nanorod
https://en.wikipedia.org/wiki/Diamond
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hydro fullerenes extend their absorptions throughout 

the entire visible region, with a weak maximum at 

700nm.Dihydro fullerenes are excited to a short-lived 

singlet which convert rapidly into a long-lived triplet, 

with quantum yields slightly lower than C60.Whereas 

C60 exhibit a triplet-triplet absorption at 750nm a 

same peak is shifted to 700nm in C60 derivatives. 

This triplet-triplet transition is characterized by a 

higher absorption coefficient than the ground state, 

and may be responsible for its non-linear behavior.  

 

Chemical properties 

The carbon atoms within a Fullerene molecule are sp
2
 

and sp
3 

hybridized, of which the sp
2
 carbons are 

responsible for the considerably angle strain 

presented within the molecule. C60 and C70 exhibit the 

capacity to be reversibly reduced with upto six 

electrons. This high electron affinity results from the 

presence of triply-degenerate low-lying LUMOs 

(lowest unoccupied molecular orbital). Oxidation of 

the molecule has also been observed; nevertheless, 

oxidation is irreversible. C60 has a localized pi-

electron system, which prevents the molecule from 

displaying superaromaticity properties. 

 

Applications  

Tumor research 

While past cancer research has involved radiation 

therapy, photodynamic therapy is important to study 

because breakthroughs in treatments for tumor cells 

will give more options to cells in cancer research 

involves the developments of new photosensitizers 

with increased ability to be absorbed by cancer cells 

and still trigger cell death. It is also important that a 

new photosensitizer does not stay in the body for a 

long time to prevent unwanted cell damage. 

 

Fullerene can be made to be absorbed by HeLa cells. 

The C60 derivatives can be delivered to the cells by 

using the functional groups L-arginine and L-

phenylalanine, folic acid, among others. The purpose 

for functionalizing the fullerene is to increase the 

solubility of the molecule by the cancer cells. Cancer 

cells take up these molecules at an increased rate 

because of an upregulation of transporters in the 

cancer cells, in this case amino acid transporters will 

bring in the L- arginine and L- phenylalanine 

functional groups of the fullerenes. 

 

Once absorbed by the cells, the C60 derivatives would 

react to light radiation by turning molecular oxygen 

into reactive oxygen which triggers apoptosis in the 

HeLa cells and other cancer cells that can absorb the 

fullerene molecule. This research shows that a 

reactive substance can target cancer cells and then be 

triggered by light radiation, minimizing damage to 

surrounding tissues while undergoing treatment. 

When absorbed by cancer cells and exposed to light 

radiation, the reaction that creates reactive oxygen 

damages the DNA, proteins, and lipids that make up 

the cancer cell. This cellular damage forces the 

cancerous cell to go through apoptosis, which can 

lead to the reduction in size of a tumor. Once the light 

radiation treatment is finished the fullerene will 

reabsorb the free radicals to prevent damage of other 

tissues. Since this treatment focuses on cancer cells, it 

is a good option for patients whose cancer cells are 

within reach of light radiation. As this research 

continues into the future, it will be able to penetrate 

deeper into the body and be absorbed by cancer cells 

more effectively. 

 

 Solar cells 

The high electron affinity and superior ability to 

transport charge make fullerenes the best acceptor 

component currently available. First, they have an 

energetically deep-lying LUMO, which endows the 

molecule with a very high electron affinity relative to 

the numerous potential organic donors. The LUMO 

of C60 also allows the molecule to be reversibly 

reduced with up to six electrons, thus illustrating its 

ability to stabilize negative charge. Importantly, a 

number of conjugated polymer – fullerene blends are 

known to exhibit ultrafast photo induced charge 

transfer, with a back transfer that is orders of 

magnitude slower. The state of the art in the field of 

organic photovoltaic is currently the Bulk 

Heterojunction (BHJ) solar cells based on Fullerene 

derivative phenyl- C61 butyric acid methyl ester 

(PCBM), whit reproducible efficiencies approaching 

5%. 

 

Conventional silicon solar cells exceed 20% 

efficiency. First, the cost of production of organic 

light-converting devices compared to the 

corresponding inorganic analogues is lower by more 

than two orders of magnitude. And second, an 

important merit of organic solar cells is their 

flexibility. They can be rolled up, cut, and spread 

over any surface. Particularly, such plastic can be 

used for covering both the inner and outer walls of 

buildings; cells of any color and texture can be 

manufactured. For example, a cell phone can be 

painted with this material, thus walking in a sunny 

day will be enough to charge the device battery. 

American military departments actively support 

projects associated with organic cells because these 

materials demonstrate high capabilities to be used in 

new armaments and attendant systems. 

 

Finally, great expectations are also associated with 

the use of organic cells in the advertising and 
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packaging business. These involve autonomous 

luminous banners, large liquid – crystal line displays 

and packaging for food. 

 

Hydrogen gas storage 

Due to its unique molecular structure, fullerene is the 

only form of carbon, which potentially can be 

chemically hydrogenated and de-hydrogenated 

reversibly. When fullerenes are hydrogenated, the 

C=C double bonds become C-C single bonds and C-

H bonds. The bond strength of single C-C bonds is 83 

kcal/mole, and theoretical calculations show that the 

bond strength of the hydrogenated C-H bond is 68 

kcal/mole. This means that for fullerenes hydrides, 

the H-C bonds will break before the C-C bonds, and 

the fullerene structure should be preserved.  

 

The considerably lower heat of formation for C60 H36 

indicates that C60 H36 as a molecule is thermally more 

stable than C60. Therefore, hydrogenation of C60 is 

thermodynamically favored and can be accomplished 

under the right chemical conditions. The color of the 

hydrogenated fullerene changes from black to brown, 

then to red, orange, and light yellow with increasing 

hydrogen content. A fullerene with up to 6.1% 

hydrogen content has been developed experimentally. 

A potential application of fullerene hydrides is in 

hydrogen gas storage device for electric vehicles that 

would employ a fuel cell.  

 

Currently available hydrogen storage technologies 

like compressed gas or storage as a metal hydrides 

are potentially hazardous and/or have low hydrogen 

storage densities. Table shows a comparison of the 

amount of media required for storage when using 

fullerenes versus a metal hydride. The metal hydride 

storage media used in this comparison is Titanium 

Zirconium Vanadium. 

Comparison of Hydrogen storage capacities for 

internal combustion engines 

Comparison of Hydrogen storage capacities for 

internal combustion engines 

 

 Fullerenes Metal Hydride 

Hydrogen 

Required to 

operate 250 

Miles 

12 Ibs 12 Ibs 

Amount of 

storage media 

required 

197 Ibs 1200 Ibs 

 

 Fullerene strenthening/ hardening of metals 

Fullerenes offer unique opportunities to harden 

metals and alloys without seriously compromising 

their ambient temperature ductility. This is due to the 

unique characteristics of fullerenes, namely their 

small size and high reactivity, which enable the 

dispersion strengthening of metallic matrices with 

carbide particles that result from in-situ interactions 

between fullerenes and metals. In a comparison of the 

hardness of a popular aerospace inter metallic 

compound Ti-24.5AI-17Nb, with and without 

fullerene additives, a 30% hardness enhancement was 

measured for the material with fullerene additives. 

 

Fullerene as precursor to diamond 

Fullerenes have proven to be an excellent precursor 

to diamond. This can be attributed in part to the 

curved structure of fullerenes, which possess a partial 

sp’(diamond) bonding configuration, as opposed to 

graphite, which is planar. Argonne National 

Laboratories and MER Corporation have investigated 

fullerenes as the source of carbon to CVD deposit 

diamond with excellent results. MER has 

demonstrated excellent diamond coating using 

fullerenes as the only source of carbon to deposit 

diamond at five times the growth rate of methane 

carbon sources, resulting in a projected 70% cost 

savings. With low cost fullerenes it can be expected 

that conversion to diamond will be a very important 

commercial application. 

 

Optical application of fullerene 

Optical limiting refers to a decrease in transmittance 

of a material with increased incident light intensity. 

The phenomenon of optical limiting has a significant 

potential for applications in eye and sensor protection 

from intense sources of light. Based on the optical 

limiting properties of fullerenes, one can make an 

optical limiter, which allows all light below an 

activation threshold to pass and maintains the 

transmitted light at a constant level below the damage 

threshold for the eye or the sensor. 

 

Fullerenes based sensors 

Fullerene – based interdigitated capacitors (IDCs) 

recently have been developed to explore sensor 

applications. This novel solid-state sensor design is 

based on the electron accepting properties of 

fullerene films and the changes that occur when 

planar molecules interact with the film surface. 

Fullerene chemistry provides a high degree of 

selectivity and the IDC design provides high 

sensitivity. The solid-state chemical sensor’s small 

size, simplicity, reproducibility and low cost make 

them attractive candidates for fullerene applications 

development. 

 

Studies of IDC configurations with fullerene film 

have able to sense water in isopropanol with a 

resolution of 40 ppm. These results demonstrate the 
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feasibility of using fullerene as selective dielectric 

film for IC chemical sensors. 

 

 Fullerene as molecular wires 

Recent experiments have documented electron 

transport through single molecules. Under certain 

experimental conditions molecular conduction 

through a single molecule rather than through an 

ensemble of molecule is guarantee. This phenomenon 

is possible due the high electron affinity of fullerenes. 

If a molecular computer is ever to be built, then it 

will need molecular wires in order to connect to its 

various components. Figure shows a computer 

created scenario of a possible use of fullerenes in the 

manufacture of molecular conductors.  

 

When source of UV light is applied to the system in 

figure, the fullerene molecules get excited and 

electrons move from the porphyrin wire towards the 

fullerenes. These electrons leave holes in the 

porphyrin through which electrical current can flow 

from one electrode to the other. 

 
Fullerene in medicine 
Interest of scientists in water-soluble fullerene 

compounds is directly related to their biological 

activity. Dendrimer 4p containing 18 carboxyl group 

is the more promising today. The synthesis and the 

use of this compound in medicine were patented in 

the U.S. (C-sixty corporation); at present, this drug 

undergoes clinical trials as a promising medication 

for treatment of AIDS. Fullerene derivatives can be 

used in the photodynamic cancer therapy as 

antibacterial agents and medications of 

neuroprotective action.  

 

Because of their ability to enclose atoms, Fullerenes 

promise to be of great use as drug carriers. 

Additionally, noble gases have been encapsulated in 

Fullerenes, which have no desire to bond with the 

surrounding carbon atoms but can be used in 

applications such as magnetic resonance imaging 

(MRI). Researchers at Rice University have designed 

C60 and other fullerenes molecules with an atom of 

gadolinium inside and with chemical appendages that 

make them water-soluble. In typical MRI contrast 

agents, the metal gadolinium is linked to a non-

fullerene molecule, which is normally excreted 

quickly from the body. Fullerenes encapsulated with 

gadolinium might allow the contrast agent to remain 

in the body longer, allowing doctors to perform 

slower studies. 

  

Endohedral fullerenes 
Endohedral Fullerenes are created when an atom is 

inserted inside a Fullerene molecule. Fig. illustrates 

an example of a fullerene containing a non-carbon 

atom inside. 
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In one of the methods employed for this purpose, ions are accelerated and implanted to the C 60 cage. The first 

collision should absorb and redistribute a good part of the kinetic energy to ensure that the ions have just enough 

energy to open the cage and enter, without having sufficient kinetic energy left to escape.  

Metallofullerenes made this way include M@C60 with M=Li, Ca, Na, K, Rb. Larger yields can be achieved by co-

evaporation of the carbon and the metal in an arc discharge chamber (typical for fullerene production). However, in 

this process mostly higher endohedral fullerenes, like M@C82, are formed. These Metallofullerenes are very stable 

molecules and can be use in many applications. For example, it has been shown that the bulk modulus of K@C60 is 

higher than that of C60, and while C60 rolling dynamics are the same as K@C60 intercalated between layers was 

higher than that of C60 intercalated between layers was. From this it can be concluded that for nano ball-bearing 

applications, Metallofullerenes are more effective than fullerene.  

 

Organic photovoltaics(opv) 

Fullerene can be used as organic photovoltaics 

 

 
Currently, the record efficiency for a bulk heterojunction polymer solar cell is a fullerene/polymer blend. The 

fullerene acts as the n-type semiconductor (electron acceptor). The n-type is used in conjunction with a p-type 

polymer (electron donor), typically a polythiophene. They are blended and cast as the active layer to create what is 

known as a bulk hetero junction. 

 
Fullerenes are used as is, or they are derivitized to increase their solubility. The most commonly used derivative in 

photovoltaics is C60, but C70 has been shown to have a 25% higher power conversion efficiency than C60. In 

addition, alternative derivative such as C60 PCBB have been shown to increase conversion efficiency by over 40% 
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when compared to C60 PCBM in like systems. In 

November of 2005 a record cell efficiency of 4.4% 

using a fullerene derivative and illustrating the 

importance of the characteristics of the active layer 

on performance was published. As the preferred n-

type material, fullerenes can comprise up to 75% of 

the active layer by weight. Solar cell efficiency 

continues to increase steadily, placing the potential 

for commercialization in the not-too-distant future. 

 

The performance of polymer transistors e.g. Organic 

Field Effect Transistors(OFETS) and photodetectors 

has also been increasing, in part due to a great deal of 

synergy between OFETS and OPVs. The leading 

OFETS use the n-type semiconducting properties of 

fullerenes based on C60, C70 along with C84. Fullerene 

OFETS fabricated with C84 show greater mobility 

than C60 or C70 and exhibit greater stability. While 

more work is needed, the world of polymer 

electronics is opening up for both fullerenes and 

single-walled carbon nanotubes. 

 

Antioxidants and biopharmaceuticals 

Fullerenes are powerful antioxidant, reacting readily 

and at a high rate with free radicals, which are often 

the cause of cell damage or death. Fullerenes hold 

great promise in health and personal care applications 

where prevention of oxidative cell damage or death is 

desirable, as well as in non-physiological applications 

where oxidation and radical processes are destructive 

(food spoilage, plastics deterioration, metal 

corrosion). Major pharmaceutical companies are 

exploring the use of fullerenes in controlling the 

neurological damage of such disease as Alzheimer’s 

disease and Lou Gehrig’s disease (ALS), which are a 

result of radical damage. Drugs for atherosclerosis, 

photodynamic therapy, and anti-viral agents are also 

in development. 

 

Fullerenes are known to behave like a “radical 

sponge,” as they can sponge-up and neutralize 20 or 

more free radicals per fullerene molecule. They have 

shown performance 100 times more effective than 

current leading antioxidant such as vitamin E. 

Fullerene is highly soluble in almond oil and thus it 

can be used for screening test for ocular tissue 

toxicity indicating no adverse effect. 

 

Additives  

Polymer Additives 

Fullerenes and fullerenic black are chemically 

reactive and can be added to polymer structures to 

create new copolymers with specific physical and 

mechanical properties. They can also be added to 

make composites. Much work has been done on the 

use of fullerenes as polymer additives to modify 

physical properties and performance characteristics. 

Catalysts                              :  Marked ability to 

accept and to transfer hydrogen atoms; hydrogenation 

and hydrodealkylations. Highly effective in 

promoting the conversion of methane into higher 

hydrocarbons. Inhibit coking reactions. 

 

Water purification & 

Bio-hazard protection          : Single oxygen catalysis 

of organics with fullerene C 60 

Portable power                   : Proton exchange 

membranes for fuel cells 

Vehicles                         : Enhanced durability, lower 

heat build-up, and better fuel economy with use of 

fullerene black/rubber compounds. 

Medical                              : MRI agents 

 

The body of research on fullerene black is small 

compared to fullerenes and less is known about the 

physical properties and the potential application. 

Certain features however show promise for the use of 

fullerene black as an improvement over carbon black 

in various applications. The distinguishing feature of 

fullerene black compared to typical carbon blacks is 

that the carbon layer planes of fullerene black are 

curved and fullerene-like in nature. This curvature is 

thought to explain the observed higher reactivity of 

fullerene black compared to conventional carbon 

black. This feature offers potential for use in various 

applications, such as catalysts, catalyst supports and 

rubber additives. 

 

The most common fullerene is the classic 

“Buckminster Fullerene” with 60 carbon atoms. It is 

the most abundant form, followed by C70, C76/78, C84 

and finally the higher fullerenes of C90 and above. 

For particularly demanding applications, sublimed 

fullerenes with 99.95% purity are available. 
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