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The interaction of C60 with hydrogen was intensively studied both experimentally and 

theoretically. In particular, the theoretical prediction of the possibility of existence of 

endohedral fullerenes with a hydrogen molecule makes the idea of storing hydrogen 

inside a fullerene cage especially attractive. This became more promising by the recent 

experimental report by Murata et al., on the successful synthesis of H2 inside C60 by a 

novel molecular surgery method. Although it has been well demonstrated that not more 

than one H2 can be placed inside C60 with an energetically favorite configuration, many 

groups have been focusing on finding the maximum amount of hydrogen that can be 

accommodated inside C60 in metastable structure. However, the reports in this line seem 

to be highly diverged and contradictory. Based on a PM3 series of calculations, Turker 

et. Al has claimed that 24 hydrogen molecules can be found as an stable endohedral 

complex within C60. Dolgonos used a geometrical analysis to reveal that the maximum 

number of molecular hydrogens that can be hosted by C60 cage is 9. 

In the present work, to overcome the above addressed discrepancy, the realistic 

equilibrium molecular dynamics simulations were performed to characterize both 

energetic and dynamical properties of the encapsulated hydrogens in C60. The constant- 

NVT canonical ensemble using Nose-Hoover thermostat at a wide range of temperature, 

77 K to 600K, was applied for all the calculations. The simulations were performed under 

the moderate pressure of 10 bar. The total energy was monitored to ascertain that 

equilibration has been achieved. The applied intermolecular forces are modeled using the 

curvature modified form of Lennard-Jones potential. 

The averaged interaction energies during the simulation time of 130ps are listed in 

table 1 for different loadings of hydrogen under the range of applied temperatures. As 
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listed in this table and also shown in figure 1, the interaction energies are negative for the 

first H2 inside C60. This founding is in excellent agreement with the  previous studies in 

this field. 

 

Table 1. Interaction energies (kcal/mol) of different hydrogen molecules encapsulated inside C60. 

 

Temp(K) 1 2 3 4 5 6 

77 -5.11 -0.58 5.28 9.81 13.87 18.13 

115 -4.86 0.66 5.36 9.9 13.9 18.13 

200 -489 0.78 5.45 10.08 14.13 18.19 

300 -4.95 0.78 5.43 10.20 14.29 18.37 

400 -4.71 0.78 5.49 10.16 14.38 18.55 

500 -4.80 0.81 5.49 11.36 14.35 18.72 

600 -4.49 0.88 5.47 10.02 14.32 4.08 
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Figure 1. Energy fluctuation by increasing the applied temperature for one molecular hydrogen 

embedded inside C60. 

 

 
As illustrated in figure 1, in spite of the observed fluctuation behavior, the dependency 

of interaction energy of one H2 confined in C60 with temperature shows a decreasing 

trend. The energy fluctuation, however, could be related to the volume of 
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C60, estimated to be 1.87.10-22 cm3 and the fact that the large enough distance between 

the center of the fullerene and the carbon cage shell let the molecular hydrogen behave 

like a free molecule in the centre of C60. This implies that higher temperatures provide 

the hydrogen with more kinetic energy, which in turn results in less interacting energies. 

Table 1 also indicates that increasing the number of hydrogen molecules shifts the 

interaction energies to the repulsive region. This monotonic increment could be followed 

up during the table up to 6H2 at 600K ( ∆E = 4.08kcal / mol ). The significant drop of the 

repulsive interaction at this stage clearly indicates that the C60 structure has been crashed, 

and the under-pressure system was able to become more relax (figure 2b). It is also worth 

to note that the most favorite configuration of one H2 in C60 at 77K is the orientation in 

which the hydrogen aligns parallel to C-C bonds (figure 2a). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. Final configurations obtained from 130ps of molecular dynamics simulation for a) 

energetically stable system of one H2 confined inside a C60 at 77K, and b) destroyed structure resulted 

from increased pressure inside C60 due to the high kinetic energy of 6H2 at 600K. 

 
 

In view of our argumentation based on the energetic and configurational analysis, there 

is no possibility to store more that six molecular hydrogens inside a C60 cage, without 

breaking the H-H bonds at the first steps and the C-C bonds of the wall at higher loadings. 
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