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So far, in the majority of studies, single walled carbon nanotubes (SWCNT) have been 

treated as defect free structures. However, the experimental observations have revealed 

that topological defects, such as the Stone-Wales (SW), vacancy (i.e. missing a carbon 

atom) and interstitial (i.e. an extra bridging carbon atom) defects, are commonly present. 

Beside the effect of these defects on the mechanical and electronical behaviors of 

SWCNTs, they may also affect their adsorptive characteristics with the interacting 

species. The SW defect is likely to occur in the as grown nanotubes, due to its low 

formation energy (4-5 eV). This makes it as one of the most important topological defects 

in carbon nanotubes, and has attracted much attention in many potential applications of 

SWCNTs. 

In this study, the adsorption of H2 on single walled carbon nanotubes with and without 

Stone-Wales defect is investigated as a function of temperature. The physisorption 

phenomenon is simulated by extensive equilibrium molecular dynamics. The applied 

intermolecular forces are modeled using the modified form of the well known Lennard-

Jones potential based on the tube curvature. The simulations were carried out at 77, 300 

and 600 K, under moderate pressure of 10 bar. 

The adsorption/desorption cycle was analyzed by calculating the  radial  distribution 

function, g(r) , for C-H2 distance during simulations at the range of temperatures under 

consideration. As figure 1 indicates, for both pristine and SW defect embedded 

nanotubes at 77K, the sharp rise after 2 Å represents the distance 

of closest approach of hydrogen molecules to the SWCNT. This demonstrates  a purely 

physisorption behavior at 77K. When temperature is increased to 300 K and more, the 

adsorption of the hydrogens becomes unstable,  and  the  hydrogen molecules mostly 

desorbed from the surface. This is fundamentally consistent with  the fact that higher 

temperatures give the adsorbates more  kinetic  energy  which leads them to have less 

chance of being adsorbed. 
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Figure 1. Radial distribution function (RDF) of 6.5 wt% hydrogen loaded on (a) pristine (3,3) 

SWCNT, and (b) SW defect embeded (3,3) SWCNT at different temperatures. 

 
Time-averaged adsorption energies, over 130 ps of simulation time, for exohedral 

adsorption are presented in Table 1. It should be noted that analyzing the trajectory of 

molecular hydrogens during the simulation demonstrates that there is no migration from 

exohedral sites to endohedral ones. This is due to the small diameter of the (3,3) nanotube 

and the lateral repulsive interactions of the hydrogen molecules with the nanotube internal 

side wall. Therefore the obtained adsorption energies are attributed to exohedral 

contribution only. As deduced from the RDF plots, once again, the adsorption energies 

emphasize that the lower the temperature applied, the more is the H2 adsorbed. Moreover, 

the heats of adsorption are higher when hydrogen physically adsorbed (at 77K) on a defect 

free nanotube. In other words, the presence of SW defects reduces the binding energy by 

about 0.2 kcal/mol. 

 
 

Table 1. The average energies (kcal/mol) of H2 adsorption on pristine and Stone-Wales defect 

embedded (3,3) SWCNT. 

Temp (K) Pristine (3,3) SW defect embedded (3,3) 

77 -2.35 -2.17 

300 -0.46 -0.38 

600 -0.20 -0.16 

 

 
The H2 adsorption capacities of the pristine and SW defect embedded nanotubes under 

consideration were measured analysing the density of hydrogen molecules in the 

simulation cell. Hydrogen molecules are considered to be physisorbed, if the distance of 

their centre of molecular mass is smaller than 3.5 A to the nanotube surface. As could be 

predicted from both RDF analysis (figure 1) and presented interaction energies 
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(Table 1), the pristine (3,3) nanotube offers more hydrogen storage 

capacity, about 6.22 wt%, and the nanotube with the SW defect shows 

the lower ability to store hydrogen gas of about 5.94 wt% . The 

presented comparative analysis of the adsorption ability of these 

hydrogen sorbents might be of high importance when it comes to 

selecting an appropriate system in the same experimental 

implementation. 
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