
1  

 

 

State of hydrogen molecule encapsulated inside fullerene C60 
 

S. Riahi *, P. Pourhossein 

Institute of Petroleum Engineering, Faculty of Engineering, University of Tehran, Tehran, Iran 

Corresponding Author: Riahisv@ipe.ut.ac.ir 

 

 

 

 
Since fullerenes are hollow clusters, it was expected that it should be possible to trap 

atoms or small molecules inside these nanocages for different applications from storage 

of certain gases to molecular electronics. Endofullerenes are important species among the 

family of fullerenes, because of their special electric properties. The recent experimental 

promising report on the successful synthesis of H2 inside C60 by Murata et al., has brought 

the hydrogen fullerene systems into attention both theoretically and experimentally. The 

investigations on the encapsulation of hydrogen inside fullerene have mainly focused on 

two general aspects of the phenomenon: some groups have been trying to find the 

maximum amount of hydrogen that could be accommodated inside a fullerene. These 

series of studies are of special importance when one is interested in the possibility of 

utilizing fullerenes as hydrogen storage media. On the other hand, the dynamical and 

structural characteristics of hydrogen confined inside fullerene and also its influence on 

the electronic properties of the host fullerene are the concerns which need more 

evaluation. 

In the present study both of the above addressed problems have tried to be investigated 

computationally. The maximum number of hydrogen molecules that can be confined 

inside a fullerene (C60) was obtained from classical molecular dynamics simulations. 

These series of calculations then followed by more accurate density functional theory 

based calculations to study the structural and electronic changes of hydrogen and C60 

caused by the presence of the hosted hydrogen. 

The band gap energies and orbital calculations of the systems under consideration were 

calculated using geometry optimization within the DFT framework at B3LYP/6- 31G 

level of theory by Gaussian 98 package. The calculated band gap energy for pristine C60 

is 0.1058 eV; this value is reduced to 0.1054 eV after insertion of hydrogen molecule in 

fullerene. There is not significant difference in energy gap before and after capsulation 

which originates from the physisorption behavior. The highest occupied molecular 

orbitals (HOMO) of C60 before and after encapsulation of hydrogen, within DFT 

framework at B3LYP/6-31G level of theory, are presented in figure 1. It is obvious 
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that in both pristine fullerene and encapsulated fullerene the HOMO orbitals are localized. 

Since the dominant phenomenon in trapping molecular hydrogen into a fullerene C60 is 

physisorption, there is not much difference in localization of orbitals before and after 

capsulation. 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Figure 1. The HOMO orbitals of a) Pristine C60, b) After encapsulation of one molecular hydrogen. 

 

It is worth noting that both MD relaxation simulations and DFT geometrical 

optimizations confirm that hydrogen molecule prefers to configure above C-C bond with 

the H-H molecular axis parallel to the C-C bonds of the C60. Both charge density and 

electron localization function contour plots indicate changes in the electronic properties 

of C60 after hydrogen encapsulation. In figure 2 the contour plots of charge densities of 

the studied systems are presented. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Figure 2. contour plots of charge density for (a) pristine C60 and (b) hydrogen-filled C60 
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