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ABSTRACT 

Nowadays computation of quantum chemistry calculations for large molecules is very hard and results are 

obtained hardly and sometimes are not acceptable. Aromaticity identification of molecules performed by 

Huckle and NICS methods. In this project aromaticity of some fullerenes molecules were investigated based 

on bond length, bond angles, hardness and electrophilicity parameters and using nucleus independent 

chemical shifts (NICS) rule and methods of HF and density functional theory (DFT) (B3LYP) and basis 

sets of 3-21G*, 3-21G, 6-31 G* and 6-31G in HF and DFT/ B3LYP/ 6-31G * in DFT method.Molecules 

optimization and calculation have been done by Gaussian 03 and Guass View soft wares. Parameters of 

bond length, bond angles, bond energy, hardness, electrophilicity, NMR and NICS were calculated. 

According to expectances and performed calculations on molecules aromaticity, the results show that 

B3LYP method that is one of the Density functional theories and NICS are the best methods and parameters 

for aromaticity distinction. 
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INTRODUCTION 

Fullerene is one of the carbon allotropes and is the first known cyclic carbon molecule in which carbons 

arranged in a spherical shape like a soccer ball (Hirsch and Brettreich, 2005). There are a series of regular 

pentagon and hexagon in atomic structure of fullerenes which are placed decussately and have formed the 

fullerene sphere. Each carbon in fullerene structure has sp2 hybrid and forms σ bond with three carbons 

(Azman, 2005). The remained electron in each carbon is circulating inside a system of molecular orbital 

that makes the molecule aromatic. Fullerenes are recognized according to number of atoms in their 

structure. For fullerene nomination the letter of C and the number of carbon atoms in fullerene cyclic 

molecule are used. For example C60 has 60 carbon atoms (Caldwell and Kollman, 1995). Fullerenes have 

some applications such as their usage in nano composites production as booster, their lubricant property in 

nano scale, photonic applications because of their sensitivity to light (Fowler, 1990). Also because of their 

hollow structure are proper for locating the elements and their application in nano medicine (Fowler, 1993).  

Experimental 

Investigation of aromaticity is carried out in two ways of structure investigation and isotropic effects 

investigation. In structure investigation, the bond lengths and bond angles of molecule are determined. In 

homocyclic aromatic compounds all bond length and bond angles are equal that is because of resonance 

forms of cyclic molecules. In isotropic effects investigation, the NICS is determined by NMR. An assumed 

atom of Bq is placed in center of molecule core and in computation section the Gaussian is selected and 

molecule is calculated in Gaussian program (NMR) so Bq is determined. Then in Bq section, isotropic is 

noted. 

NICS = -Bq, and if NICS < 0, molecule is aromatic, if NICS ≈ 0, molecule is non aromatic and if NICS > 

0, molecule is anti aromatic. 

Molecules, Methods and Basis Sets  

In this project six molecules of fullerenes were investigated (scheme 1). The investigations were carried 

out using bond length, bond angles, hardness and electrophilicity parameters and NICS rule and methods 

of HF and DFT (B3LYP) and basis sets of 3-21G*, 3-21G, 6-31 G* and 6-31G in HF and B3LYP/ 6-31G * 

in DFT method. Molecules were optimized byGaussian 03 and GuassView soft wares.  



Indian Journal of Fundamental and Applied Life Sciences ISSN: 2231– 6345 (Online) 
An Open Access, Online International Journal Available at www.cibtech.org/sp.ed/jls/2015/03/jls.htm 
2015 Vol. 5 (S3), pp. 2144-2147/Keshavarz 

Research Article 

.© Copyright 2014 | Centre for Info Bio Technology (CIBTech)  2145 

 

 
Scheme 1 

 

RESULTS AND DISCUSSION 

Investigation of Fullerenes Aromaticity based on Bond Length  

For all aromatic compounds, the length of all bonds is the same and this is the reason of resonance forms.  

 

Table 1: Investigation of bond angle in C20 by all methods 

6-31G*/DFT 6-31G*/HF 6-31G/HF 3-21G*/HF 3-21G/HF C20 

108.0 108.0 108.0 108.0 108.0 2-1-3 

108.0 108.0 108.0 108.0     108.0 2-1-12 

108.0 108.0 108.0 108.0 108.0 3-1-12 

108.0 108.0 108.0 108.0 108.0 1-2-5 

108.0 108.0 108.0 108.0 108.0 1-2-15 

108.0 108.0 108.0 108.0 108.0 1-3-4 

108.0 108.0 108.0 108.0 108.0 1-3-6 

108.0 108.0 108.0 108.0 108.0 4-3-6 

108.0 108.0 108.0 108.0 108.0 3-4-5 

108.0 108.0 108.0 108.0 108.0 3-4-8 

108.0 108.0 108.0 108.0 108.0 5-4-8 

108.0 108.0 108.0 108.0 108.0 4-5-20 

108.0 108.0 108.0 108.0 108.0 7-6-9 

107.9 107.9 107.9 107.9 107.9 6-7-8 

108.0 108.0 108.0 108.0 108.0 6-7-11 

108.0 108.0 108.0 108.0 108.0 7-11-18 

108.0 108.0 108.0 108.0 108.0 11-18-19 

108.0 108.0 108.0 108.0 108.0 18-19-20 

108.0 108.0 108.0 108.0 108.0 5-20-19 

108.0 108.0 108.0 108.0 108.0 16-20-19 
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Investigation results of structure based on bond length in C20 molecule by all methods show that the length 

of all bonds are the same so we can conclude that this molecule is aromatic. The same investigations were 

repeated for C30, C32, C34, C50 and C60 and the same results were obtained meaning that all bond length 

are equal so these molecules are aromatic. 

Investigation of Fullerenes Aromaticity based on Bond Angles 

For all aromatic compounds, the angle of all bonds is the same and this equality is because of resonance 

forms. Investigation results of structure based on bond angle for C20 molecule show that in all methods the 

angles of molecule are equal and equality of angles in a molecule is a reason for molecule aromaticity so 

we can conclude that this molecule is aromatic (table 1). The same investigations were repeated for C30, 

C32, C34, C50 and C60 and the same results were obtained meaning that all bond angles are equal so these 

molecules are aromatic. 

Investigation of Fullerenes Aromaticity based on Bond Energy 

Whatever the energy of a cyclic molecule was lower the molecule is more stable and from stability of cyclic 

molecule we can conclude that molecule is aromatic. Investigations about studied fullerenes molecules by 

different methods of HF and B3LYP and using different basis sets show that molecule energy in all cases 

is negative meaning that these molecules are stable and can be aromatic. The energy in B3LYP/6-31G* 

method is more negative showing that this method is the best method for optimizing the molecule. The 

stability of C60 is more than other molecules. 

Investigation of Fullerenes Aromaticity based on Hardness 

Based on maximum hardness principle (M.H.P), whatever hardness of a molecule is more the molecule is 

more stable and from stability of molecule we can conclude that molecule is aromatic. The hardness of a 

molecule can be determined based on the energy split of HOMO-LUMO. Obtained results from all methods 

show that the hardness of C60 is more than other molecules so this molecule is more stable than other 

molecules. Based on results the HF/6-31G* is the best method for calculating the hardness because presents 

the most hardness about molecules (table 2).  

 

Table 2: HOMO energy, LUMO energy and calculated hardness by HF/6-31G* method 

η EL EH Molecule 

0.117 -0.010 -0.244 C20 

0.123 -0.019 -0.265 C30 

0.117 -0.024 -0.259 C32 

0.111 -0.029 -0.251 C34 

0.108 -0.044 -0.260 C50 

0.136 -0.008 -0.281 C60 
 

Investigation of Fullerenes Aromaticity based on Electrophilicity 

According to electrophilicity principle, the least electrophilicity is related to most stable compound. In fact 

whatever electrophilicity of a cyclic molecule is less, the molecule is more stable and from stability of a 

cyclic molecule we can conclude that molecule is aromatic. Investigations by different methods indicate 

that electrophilicity of C60 is less than other molecules so C60 is more stable than other molecules and 

these molecules are aromatic. HF/6-31G* is the best method for calculating the electrophilicity because 

gives the least amounts (table 3).  
 

Table 3: HOMO energy, LUMO energy and calculated electrophilicity by HF/6-31G* method 

 

EL EH Molecule 

0.068 -0.010 -0.244 C20 

0.081 -0.019 -0.265 C30 

0.085 -0.024 -0.259 C32 

0.088 -0.029 -0.251 C34 

0.106 -0.044 -0.260 C50 

0.076 -0.008 -0.281 C60 
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Investigation of Fullerenes Aromaticity based on NICS 

According to obtained isotropic by different methods and different basis sets, NICS= - Bq, so molecules 

are aromatic because NICS < 0 (table 4). 

 

Table 4: Investigation of NICS in molecules by different methods 

6-31G*/DFT 6-31G*/HF 6-31G/HF 3-21G*/HF 3-21G/HF NICS 

-15.93 -31.36 -31.36 -19.75 -19.75 C20 

-13.63 -19.15 -16.12 -15.85 -15.85 C30 

-25.00 -23.49 -20.39 -19.22 -19.22 C32 

-13.88 -22.65 -18.16 -17.79 -17.79 C34 

-4.32 -11.83 -10.20 -9.45 -9.45 C50 

-2.66 -11.29 -10.51 -10.30 -10.30 C60 

 

Conclusion 

According to obtained results we can conclude that bond lengths and bond angles can be a criterion for 

evaluation of molecules aromaticity. If a molecule was aromatic, its bond lengths and bond angles in 

different methods and basis sets are equal. Also according to calculations, energy can be a proper criterion 

for aromaticity evaluation and the method of B3LYP/6-31G* gives the best results. C60 has the least energy 

so is the most stable molecule. In application of Koopman approximation for maximum hardness principle 

(MHP), the method of HF/6-31G* is the best. According to hardness diagram, C60 has the maximum 

hardness so is the most stable molecule. In application of Koopman approximation for minimum 

electrophilicity principle (MEP), the method of HF/6-31G* is the best. According to electrophilicity 

diagram, C60 has the minimum electrophilicity so has the most stability. Based on Huckle rule (4n+2), 

investigated molecules are aromatic. In this rule unsettled electrons are considered but NICS method 

considers both settled and unsettled electrons so NICS method has preference in comparison with Huckle 

rule. According to energy split of HOMO-LUMO and NICS method, amounts of NICS by different methods 

and basis sets are negative so the studied molecules are aromatic. Also results showed that NICS is the best 

method for aromaticity distinction.  
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