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 In this paper, a three-dimensional finite element model is proposed for estimating Young’s modulus of 
fullerene nanostructures. The model is based on the assumption that the fullerenes, when subjected to 
loading, behave like space-frame structures. The bonds between carbon atoms are considered as 
connecting load-carrying members like beams under axial, bending and torsion loadings, while the 
carbon atoms are considered as joints of the members. To create the finite element models, nodes are 
placed at the locations of carbon atoms and the bonds between them are modeled using three-
dimensional elastic beam elements. The elastic modulus of beam elements is determined by using a 
linkage between molecular mechanics and continuum mechanics. In order to evaluate the Young’s 
modulus, the spherical shell theory is also utilized. Compression loading on the fullerene is considered 
and the load – displacement variation is obtained. The effect of diameter on the elastic modulus of 
fullerenes nanostructures has been studied and it is observed that by increasing the radius of fullerenes, 
their elastic modulus decreases. After studying the properties of perfect fullerenes, the Young’s 
modulus of different defective fullerenes is also determined. 
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Fig. 1 Different Fullerene molecules [1]. 
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Fig. 2 Molecular Mechanics modeling of atomic links. 
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Fig. 3 Schematic representation of defectives Fullerens a) 5-5 bond, b) 
Stone-Wales, c) generalized Stone-Wales [17]. 
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Fig. 4 Schematic representation of defectives Fullerens a) 5-6 and 6-6 
bonds, b) 5-6 bond, c) 4-9 bond, d) 5-5-7 defect and  
e) 4-4-8(6) defect [19]. 
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1   
Table 1 Section characteristics and material properties of the beam 
element. 

(d)  466.1  

 (A) 1.6879  
-(L) 1.421  

 (Ixx)  453456.0  
 (Izz = Iyy = I)   22682.0  

(E) 10 4885.  

(G) 10 711.8  
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Table 2 Radius, stiffness constant and elastic modulus of Fullerenes. 
2   

 
 

 )  
 

k (N/m) 
 

E (TPa) 
C60 3.5 272.236 1.98039 
C80 4.08 190.889 1.86514 
C180 6.15 110.506 1.62755 
C240 7.07 93.2528 1.57889 
C260 7.34 89.2495 1.56882 
C320 8.15 78.2806 1.52786 
C540 10.59 55.0469 1.39605 
C720 12.28 46.1754 1.35794 
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Table 3 Elastic modulus of defectives Feullerens in Tera Pascal. 
3   

  

   C60  C80  C180  C240  C260  C320  C540  C720  

    
1.98039  1.86514  1.62775  1.57889  1.56882  1.52786  1.39605  1.35794  

-
5-5  

 

 ---  1.89124   ---   ---   ---   ---   ---   ---  

-

C2  

2.02177   ---   ---   ---   ---   ---   ---   ---  

-
5-7-7-5  

  

 ---   ---  1.62761  1.57814  1.56565  1.52624  1.39486  1.35772  

5-6    
1.89007  1.82036  1.61376  1.57062  1.5636  1.52574  1.39463  1.35748  

6-6   
1.83451  1.77415  1.6165  1.568  1.55934  1.52441  1.39431  1.35728  

5-6    
1.60839  1.65428  1.57426  1.55373  1.53799  1.51448  1.39013  1.35529  

5-8    

1.90619  1.82465  1.61616  1.57208  1.56302  1.52505  1.39458  1.35731  

4-9    

1.83885  1.77254  1.6047  1.56771  1.55205  1.52203  1.39368  1.35647  

5-7-7  

  

1.89457   ---   ---   ---   ---   ---   ---   ---  

8-4-
4)5(  

  

2.00802   ---   ---   ---   ---   ---   ---   ---  

8-4-
4)6(  

  

1.82081   ---   ---   ---   ---   ---   ---   ---  
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Fig. 5 Loading of Fullerene in finite element modeling. 

5   

  
Fig. 6 Variation of force – displacement under compression of C60. 
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Fig. 7 Variation of force – displacement under compression of C720 
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Fig. 8 Young’s modulus variation of different defectives Fullerenes of 
C60. 
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