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     Abstract 

Adsorption of cyclooctatetraene on graphene and fragments of single-walled carbon 

nanotubes (FSWCNTs) was studied by computational quantum chemistry methods. The binding 

energies of binary complexes formed through adsorption of cyclooctatetraene on graphene and 

FSWCNTs are in the range of 3.85–8.25 kcal mol-1. The results indicate that less curved 

FSWCNTs show a higher ability to adsorb cyclooctatetraene than the more curved ones. Thus, 

the diameter of the single-walled carbon nanotubes can play a vital role in determining its 

efficiency in the elimination of pollutants from the environment. Energy data, electronic charge 

density values at ring critical points (RCPs) and cage critical points (CCPs) of all binary 

complexes were considered. Also, the effects of charge transfer (CT) on the binding energies 

were gauged. Furthermore, the results reveal that the strength of non- -

interactions which occur between graphene and the walls of single-walled carbon nanotubes 

with the cyclic portion of the pollutants is an acceptable criterion for estimating the ability of 

these materials to adsorb pollutants. 
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Introduction 
The adsorption of various molecules on single-walled carbon nanotubes 

-

nanotube electronic network.[1] The adsorption of isoniazid onto carbon nanotubes was 

investigated using DFT calculations.[2] Deka et al. revealed the preferential site 

selectivity for the adsorption of isoniazid onto different carbon nanotubes.[3] Jingwen 

Chen and coworkers investigated the adsorption of organic pollutants on carbon 

nanotubes and concluded that the computed adsorption energies in the aqueous 

phase are lower than those in the gas phase.[4] Also, the adsorption of ferrocene on 

graphene and carbon nanotubes has been studied in the absence of solvent.[5] 

Recently, adsorption mechanisms of some aliphatic and aromatic organic pollutants on 

carbon nanomaterials have been considered by density functional theory computations 

and the results highlight the role of curvature of carbon nanotubes on adsorption 
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energies.[6] Moreover, the adsorption of estrogen contaminants on graphene 

nanomaterials was investigated and compared with carbon nanotubes.[7] 

The adsorption of phenanthrene and biphenyl on graphene, activated carbon, 

and carbon nanotubes was examined;[8] It was found that graphene has higher 

adsorption capacities of these organic pollutants than carbon nanotubes. In contrast, 

the results of adsorption of halogenated aliphatic contaminants on nanomaterials 

indicated that carbon nanotubes exhibit higher adsorption capacities for these 

materials than grapheme.[9] Recently, the effects of pharmaceuticals on environment 

and their adsorption on graphene oxide nanomaterials have been reviewed;[10] the 

results showed outstanding adsorption capacities of graphene oxide and its derivatives 

for these materials. In addition, the adsorption of some organic contaminants by 

carbon nanotubes has been reported and the role of contributing parameters was 

discussed.[11]  

There are many environmental pollutants spread everywhere throughout the 

world. These involve industrial wastes the majority of which having rings with different 

together with tetrathiophenes in semiconductors.[12] Thus, the ability of graphene and 

single-walled carbon nanotubes to adsorb pollutants with cyclooctatetraene rings as 

the main body is investigated in the present work by theoretical molecular simulations.  

Computational methods 
The structures of all monomers and complexes were optimized with Gaussian09 

program package[13] at the M05-2X/6-31g(d) level of theory. The second-order Møller-

Plesset perturbational method (MP2) usually overestimates the binding energy (-  

values and is not adequate to evaluate –

methods are useful in studying biological systems, but the B3LYP method fails to 

account for dispersion interactions and cannot therefore –

interactions. However, Stepanian et al. have examined the interactions between 

Nucleic Acid Bases (NABs) and SWCNTs and showed that the M05-2X functional is 

capable of correctly predicting the structures and binding energies of SWCNT-NAB 

complexes.[14] Indeed, Zhao and Truhlar proposed that hybrid meta-GGA M05-2X 

functional shows good performance for computing the -

energies.[15] They showed that the M05-2X functional compensates the deficiencies of 

other hybrid functionals by incorporating an improved treatment of spin kinetic energy 

density in both the exchange and correlation functionals. The interaction energy of 

each complex was calculated as a difference between the energies of binary complex 

and constituting monomers. Therefore, the binding energy of each complex was 

considered as the negative value of interaction energy (-  The topological 

properties of electronic charge density have been calculated by the AIM method on the 

wave functions obtained at the M05-2X/6-31g(d) level of theory using AIM2000 
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program.[16] Atomic net charges have been calculated using ChelpG schemes[17] at the 

above mentioned level. The diamagnetic and paramagnetic effects of ring currents 

related to aromaticity and anti-aromaticity can be evaluated by nucleus independent 

chemical shift (NICS)[18,19] criterion. The NMR calculations have been performed at the 

M05-2X/6-31g(d) level of theory using GIAO method[20]. 

Results and Discussion 

Energy data 
Typical structures for the adsorption of cyclooctatetraene on graphene and 

FSWCNTs are shown in Scheme 1. Herein, the strength of non- -

interaction of cyclooctatetraene with graphene and FSWCNTs is considered as a 

criterion for the estimation of the ability of these materials to adsorb cyclooctatetraene. 

The binding energies of all complexes are presented in Table 1. The outer diameters 

of the curved complexes decrease from S2 to S5; the complex S5 is shown as a 

representative of all curved complexes in Scheme 1.  

As can be seen in Table 1, the binding energy of the binary complex formed 

through adsorption of cyclooctatetraene on graphene is larger than those for other 

complexes, suggesting that the planarity of graphene is a key factor which makes it a 

good candidate to adsorb numerous pollutants. On the other hand, FSWCNTs with 

larger outer diameters show a higher tendency to adsorb cyclooctatetraene than the 

ones with smaller outer diameters. This result proposes that the ability of the single-

walled carbon nanotubes to adsorb pollutants could be improved by controlling the 

outer diameters of these materials which leads to the modification of the

clouds. Indeed, Balamurugan and Subramanian studied the adsorption of 

chlorobenzene onto an armchair single-walled carbon nanotube and graphene sheet 

using density functional theory based calculations and concluded that the geometry of 

the nanomaterials plays an important role in the adsorption of aromatic pollutants.[21]  

 
Scheme (1): Typical binary complexes formed by the adsorption of cyclooctatetraene on 

graphene (left) and FSWCNTs (right). 

The results of solvent media calculations are presented in Table 1. As can be 

seen, the binding energies of the complexes in solvent media are smaller than those in 

the gas phase. Moreover, molecular dynamic (MD) computations were performed to 

S1 S5 
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evaluate the stability of the complexes. The results indicate that the order of total 

energies of the complexes in kcal mol-1 is: S4 (419.809) < S3 (423.744) < S5 (424.715) 

< S1 (431.475) < S2 (430.387). 
 

Table (1): The binding energies (in kcal mo1-1), charge transfer (in e), and electronic 
charge density properties of the binary complexes S1-S5 (in au) calculated at 
the M05-2X/6-31g(d) level of theory. 

g and s refer to gas phase and solvent media, respectively. 

AIM analysis 

The topological properties of electronic charge density have been calculated by 

the AIM method on the wave functions obtained at the M05-2X/6-31g(d) level of theory 

using AIM2000 program.[16] The results show that there are ring critical points (RCPs) 

and cage critical points (CCPs) at the molecular graphs of the binary complexes S1-

S5. The relations between the binding energies of these complexes and the properties 

of electronic charge densities are depicted in Fig. 1. It can be seen that among all 

studied complexes, complex S1 with the largest binding energy has highest (lowest) 

value of electronic charge density at CCP (RCP). This suggests that the magnitude of 

the electronic charge density at the CCPs is a molecular property that can be 

considered to quantify the adsorption of cyclooctatetraene on graphene and 

FSWCNTs.  

Charge transfer analysis 

Atomic net charges have been calculated using ChelpG schemes[17] at the M05-

2X/6-31g(d) level to understand the effect of charge transfer (CT) on the stability of the 

complexes. The results indicate that the direction of CT is in the binary complexes S1-

S5 from graphene and FSWCNTs to cyclooctatetraene. However, as can be seen in 

Table 1, there is an opposite relation between the ability of graphene and FSWCNTs to 

adsorb cyclooctatetraene and the magnitude of CT in these complexes. In fact, a 

smaller amount of negative charge is transferred from graphene to cyclooctatetraene 

in comparison to the higher CT from FSWCNTs to cyclooctatetraene. This smaller 

degree of CT is probably responsible for the higher ability of graphene to adsorb 

cyclooctatetraene compared to the FSWCNTs.  
 

complex - g - g CT RCP ×102 CCP ×103 
S1 8.28 6.92 -0.047 2.005 1.143 
S2 4.81 4.39 -0.053 2.063 1.064 
S3 3.85 3.97 -0.066 2.069 1.035 
S4 4.80 3.89 -0.077 2.078 1.030 
S5 4.24 3.88 -0.079 2.085 1.034 
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Figure (1): Binding energies against electronic charge density values at RCPs (a) and CCPs (b) 

of the binary complexes S1-S5. 

NMR calculations 
The NMR calculations have been performed at the M05-2X/6-31g(d) level of 

theory using the GIAO method.[20] The results indicate that the values of NICS(1) at 1 Å 

above the central rings of graphene and FSWCNTs are in the range of -13.02 to -5.79 

ppm. The correlation between the binding energies of the binary complexes S1-S5 and 

the aromaticity at central rings of graphene and FSWCNTs is shown in Fig. 2. The 

results reveal that the central ring of graphene is the most aromatic ring in comparison 

with the central rings of the FSWCNTs; complex S1 has thereby the largest binding 

energy among all complexes. Moreover, the decrease of aromaticity at the central 

rings of the FSWCNTs is accompanied by a decrease in the binding energy of the 

corresponding binary complexes. In fact, the aromaticity at the central rings of 

graphene and FSWCNTs is a factor which plays an important role in the adsorption of 

cyclooctatetraene on these simulated materials as accentuated by the above findings.  
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Figure (2): Binding energies versus NISC(1) values at the central rings of graphene 

and FSWCNTs. 

Conclusions 
The s -

FSWCNTs is considered as a criterion for the estimation of the ability of these 

materials to adsorb cyclooctatetraene. The ability of the single-walled carbon 

nanotubes to adsorb pollutants could be improved by controlling the outer diameters of 

these materials. There is an opposite relation between the ability of graphene and 

FSWCNTs to adsorb cyclooctatetraene and the magnitude of CT in the complexes S1-

S5. The aromaticity at the central rings of graphene and FSWCNTs is a factor which 

plays an imperative role in the adsorption of cyclooctatetraene on these simulated 

materials. 
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