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Abstract 

In this study, the adsorption of methane molecules over boron, nitrogen and lithium doped 

graphene sheet is theoretically studied using density functional theory. Boron and nitrogen atoms 

are situated in a graphene network in graphitic, pyridinic and defect substitution forms, while Li 

atoms are placed out of the graphene layer. Density functional theory was applied to prepare the 

structures with the minimum level of energy by using 6-31 G basis set. DFT-D3 correction was 

applied to calculate density functional dispersion correction. The results showed that methane 

molecules were adsorbed on all graphene doped surfaces with physisorption interactions. In 

addition, simulation results indicated that Li-doped graphene sheet was more reactive than the 

two other structures in terms of its higher adsorption energy and the medium distance of methane 

molecule from graphene sheet. Moreover, among various substitution forms of boron and 

nitrogen atoms in the graphene sheet, graphitic substitution is more stable due to the higher 

adsorption level of energy. The distribution of the highest occupied molecular orbital of nitrogen 

and boron substituted graphene showed the polarization nature of the graphene doped sheet in 

boron and nitrogen while lithium doped graphene was polarized at the adjacent carbons. After 

methane adsorption, no specific change was observed in highest occupied molecular orbital 

calculations of graphene sheets, which confirmed the physical adsorption behavior of methane 

molecule on the graphene doped sheets. In conclusion, Li doped graphene sheet is suggested as 

an appropriate material in comparison to nitrogen and boron doped structure for enhancing 

methane storage capacity.  
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