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Today nanotechnology is a matter of concern for all 
-

cations of these modern and new structures lead to a 

of the most commonly used structures, which is of a 
great importance in nanotechnology, is carbon nano-

available from different sources [2]. These character-
istics include thermal, chemical and structural proper-

main groups namely, zigzag, armchair and chiral struc-
-

ous applications, CNT is being increasingly applied in 
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important industries which has been paying so much 

and process industry. These structures are so notewor-
thy due to having high values of length to diameter 
ratios, low density, homologous porosity and relative 
high structural stability in adsorption and storage of 
gases [8-11]. Crude natural gas which is generally 
extracted from gas wells and crude oil wells consist 
large amounts of methane, ethane, propane, butane 
and small amounts of heavier hydrocarbons. In addi-
tion to the above mentioned compounds, some other 
impurities such as carbon dioxide and hydrogen sul-

of a great importance. These are named acidic gas-
es because they react with water and result in acidic 
compounds. Existence of the acidic gases in the gas 
pipeline will result in the corrosion and erosion of 
pipelines [13]. H2S is one of the most harmful environ-
mental pollutants. The crude natural gases are named 
sour gases due to having sulfur compounds specially 
H2

2 from H2S. The process 

2 and H2S impurities are separated from 
the crude natural gas is called sweetening of sour gas. 
The most common used methods of sweetening are 
amine and Klaus methods [16].

Common theoretical methods consist of process 
simulations, and have relatively lower costs in com-
parison to the experimental methods. Because nitroge-
nized compounds have a long history in the adsorption 
and sweetening of sour gases, the present study sought 
to analyze and study different structures of single wall 
nitrogen doped carbon nanotubes (NCNT) in terms 
of stability, synthesis feasibility and their abundanc-
es [17-21]. Having selected the proper structure, the 
interactions between H2 2 gases adjacent to 
NCNT and the pathway of adsorption on the nano-
tubes were studied. Finally a comparison was done 
between the adsorption of acidic gases on NCNT and 
CNT [22].

2. COMPUTATIONAL METHOD

Due to the large number of constituent atoms, quan-

tum calculations in nanotube structures could be 
-

tive surveys were considered in order to accelerate 
these calculations, an average base set is used in this 

to optimize the structures, stability of wave function, 
frequency, Energy correction to the basis set superpo-
sition error (BSSE) and thermochemistry of calcula-
tions, for the purpose of these calculations, Gaussian 

In this article, nitrogen-doped single wall zigzag 
-

ses. The structure is drawn by HyperChem software. 
In order to prevent the effect of open end of single 
wall carbon nanotubes, both ends of the nanotubes 
were saturated by hydrogen atoms, to prevent any er-
rors in complete optimization and frequency calcula-

of various CNT structures and the CNT adjacent to 
H2 2 gases which lead to interactional energy 
calculations for adsorption. Adsorption energy calcu-

(1)

From among the calculations, electrical conductivity 
calculation can be mentioned. Energy gap can be a cri-
teria and indicator of electrical conductivity, which is 

(2)

A less energy gap leads to a more electrical property. 
The value of enthalpy changes in the physical surface 

(3)

In summary, the structures of NCNT, formed by the 
substitution of one nitrogen atom with one of the car-
bon atoms in CNT, was analyzed. Then the interaction 
between acidic gases and NCNT was studied through 
selection of a proper structure.
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3. RESULTS AND DISCUSSION

3.1. Evaluation of different structures for NCNT
With regard to different positions of carbon atoms on 
nanotube and also energy of nitrogen ions in substitu-
tion, six different structures were obtained for NCNT 
[26]. Among these structures, four main structures 
have been considered. These four structures are shown 
in Figure 1 for NCNT [27].

Structural optimization calculations are made for all 

transformed properties such as Energies of Structures 
were analyzed and evaluated.  Table 1 presents a sum-
mary of some electron properties such as total ener-
gy, relative energy, energy gaps and dipoles moment 
for NCNT and their differences with CNT. Nitrogen 

because of this fact, some changes are found in bond 
length and bond angles in NCNT, and its structure is 
going to be changed from the initial structure. These 
changed and transformed structures, due to adding Ni-
trogen atom, are called Bamboo like structures, which 

are apparent especially in the structures of NCNT [27]. 
-

er the level of energy for a structure, the more stable 
is that structure, and it is considered as the main and 
optimum structure. According to Table 1, structure 1 
has the lowest energy content, so it is the most stable 
structure. The highest level of energy and therefore the 
most unstable structure belongs to structure 3. In order 

stability and synthesis feasibility, more detailed cal-

thermochemistry calculation. After calculation, there 
was no imaginary frequency, so these structures do not 
belong to transition states, and all of the structures are 
stable and feasible. In Table 2, a summary of results 
obtained from frequency calculations is provided. In 
empirical syntheses, obtained values for abundance of 

-
-

percent belongs to other types of structure [28]. With 

Figure 1: a) (Structure 1): nitrogen is located in up-edge position; b) (Structure 2): nitrogen is substituted be-

nitrogen is located in down-edge.

Energy Gap
(eV)(Hartree)(Hartree)

Dipole Moment
(Debye)Energy

Total Energy
(Hartree)

Structure

Structure 1

3.31Structure 2
1.1172.16-1926.779Structure 3

-1926.797

Table 1:
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regard to the high abundance of structure 2 and its low 
energy difference with structure 1, structure 2 is con-
sidered as the main and optimum structure in order to 
evaluate the interactions between acidic gases and this 
structure.

3.2. Different positions of gases adjacent to NCNT

not possible to say exactly in what positions the gas-

internal or external wall of the CNTs, their acciden-
tal movements, as well as the existence of different 
atoms such as carbon, nitrogen, sulfur and oxygen 

will lead to different and various interactions between 
them [29]. So in order to have a detailed calculation 
all possible positions were considered. hydrogen sul-

make three main positions for interaction with the 
main axis of nano tube which pass through the cen-
ter of nano tube. Figure 2-a depicts these positions as 
well as the three main interactions between H2S and 

two main interaction positions as shown in Figure 2-b. 

ΔG totΔH totΔU totStructure

Structure 1

-1926.3818Structure 2
Structure 3

-399.3379
Carbon Dioxide
NCNT & H2S

2

Table 2: Summary of results obtained from frequency calculation.

Figure 2: a) Three main positions of interactions between H2S and structure 2 of NCNT; b) Two main interaction positions 

between CO2 and structure 2 of NCN.
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axis will lead to the formation of the initial structure of 

-

necessary to do a complete optimization by a proper 
method in order to obtain the balanced distances of 
gaseous molecules from nanotubes. Then, in order to 
evaluate the rotations and consider different interac-

was used which did not change the structure. There-
fore, it was possible to rotate the gaseous molecule in 
proper directions and to calculate their related ener-
gies for their positions.

2S data analyses

NCNT are shown in Figure 3. The main parameter 
in this evaluation is the corrected adsorption energy, 
Figure 3-a. The corrected adsorption energy includes 
adsorption energy and correction of energy obtained 
from the superposition error of the basis set (BSSE). 

-

energy differences between different positions and en-
ergy barrier in rotations are low. Figure 3-d shows the 
values of energy gaps for adsorptions in different posi-
tions. Energy gaps are close in all the three positions, 
but in general the energy gaps for position 2 are less 
and the one for position 3 is more than other positions. 
So the electrical conductivity in position 2 is more 
than the other two positions. The changes in dipole 
moment has been shown in Figure 3-e. Generally the 
value of dipole momentum for position 2 is more than 
the other positions. Data obtained from the changes 
in the distance of H2S gas from NCNT, is provided in 
Figure 3-f. The most stable energy belongs to a bal-

difference from the obtained value for complete opti-

Figure shows the potential energy curve used in the 

geometrical optimization of molecule. A useful com-
parison is conducted between adsorption energy of 
H2S on CNT and NCNT, which is provided in Figure 
3-c. Adsorption is more stable in NCNT than in CNT. 

from internal rotation of the gas molecule in NCNT 
are shown in Figure 3-b. Adsorption of H2S in external 
wall of NCNT is more effective in comparison to its 
adsorption in internal wall.

3.4. CO2 data analyses

adsorption energy calculations for different positions 
of carbon dioxide adjacent to NCNT. The lowest lev-
el of adsorption energy belongs to position 2 which 

due to the change in the interaction of oxygen and ni-
trogen in different rotations. For both of the positions 
the most stable condition was obtained when there 
was an interaction between carbon and nitrogen. In the 
rotations of both positions, no negative stable adsorp-

from the energy gaps. The lowest energy gap is in 

of the interactions between oxygen and nitrogen at-

of angles in position 1 are more than dipole moments 

2 and NCNTs. the 
lowest energy found in the balanced distance equals to 

provides a comparison between adsorption energy on 

2 2 is 
more stable in NCNTs than in CNT. According to Fig-

2 inside the NCNTs is often 
neither effective nor useful.

2S and CO2 adsorptions
Does NCNT as a separator catalyst show a better re-
action to the separation of H2 2 from 
sour gases in the sweetening process? The answer to 
this question is obtained from the analysis and evalu-
ation of the comparison between adsorption energy of 
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the desired gases. For H2 2 the best adsorp-

a comparison between the adsorption energy of both 
gaseous molecules on NCNTs resulting from the rota-
tion.  Generally, the adsorption of H2S on NCNT is 

2. There is a negligible 
1 kcal/mol difference between the adsorption energies 
for both gases. A comparison between the adsorption 
energies of these two gaseous molecules on normal 

gases on CNT are weak and unstable. Therefore, ex-
istence of nitrogen in the structure of CNT leads to an 
increase in the adsorption of H2 2 gases. The 

2 2 is 
-

cess is thermodynamically desirable.

3.6. Electrostatic potential 
Electrostatic potential or electric potential energy sur-

Figure 3: The changes of corrected adsorption energy versus the rotations of H2S at different positions on a) the external; b) 

the internal walls of the structure 2 of NCNT; c) The comparison between adsorption energies of H2S on external wall of CNT 

and NCNT; the changes of d) energy gap; e) dipole moment versus the rotations of H2S at different positions on the external 

walls of the structure 2 of NCNT and f) The changes of adsorption energy of H2S vs. the distance of the molecule from NCNT.
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Figure 4: The changes of corrected adsorption energy versus the rotations of CO2 at different positions on a) the external; b) 

the internal walls of the structure 2 of NCNT; c) The comparison between adsorption energies of CO2 on external wall of CNT 

and NCNT; The changes of d) energy gap; e) dipole moment versus the rotations of CO2 at different positions on the external 

walls of the structure 2 of NCNT and f) The changes of adsorption energy of CO2 vs the distance of the molecule from NCNT.

Figure 5: The Comparison between adsorption energies of H2S and CO2 on a) NCNT and b) CNT.
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around the system. This knowledge instruct to identify 
the probable positions for interaction or/and reaction. 

-
ed in Figure 6 which shows the positive electrostatic 
potential dominates around the tube and the minimum 
electrostatic potential presents on the nitrogen atom. 
So this area has more willing for interaction with the 
acidic gases from the positive electrostatic potentials 
zoon. This zoon is from the hydrogen atoms for H2S

2.

electron density ( 2 ) and electron 
Hamilton (H) have been collected in Table 3 [31]. By 

-
cian it can be predicted the weak interactions between 
both H2 2 gases with the NCNT. In other 
words because of low values for  and H for the two 

2/NCNT the interaction is electro-

static, and about H2S/NCNT because of more negative 

2/NCNT, the interac-
tion is Vander Waals.

3.8. Density of states

CNT and NCNT has been presented in Figure 7-a. This 

between the valance bond and conduction bond is not 
zero and states that both structures are semiconduc-

ev, respectively, which put on for the semiconductor 
ranges. In the present of nitrogen atom in the tube the 

-

So it is expected that NCNT has less electric conduc-
tivity than CNT.  Fig 7-b shows that the present of the 
acidic gases on the CNT nanotubes causes to decrease 

the conduction bond. In addition the differences be-

Figure 6: A feature of the EPES for bare NCNT obtained from MultiWFN.

System
AIM

ρ ∇2ρ H
NCNT gas type name

H2S/NCNT
C H (3, -1)
C H (3, -1)

2/NCNT N C (3, -1)
C (3, -1)

Table 3: Results of atoms in molecule (AIM) calculations about the critical points for 
H2S/NCNT and CO2/NCNT systems.
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the gases. Because of the similar differences for the 

2/CNT and H2S/CNT they can’t be used 

has been shown in Figure 7-c which differs from the 
gas/CNT systems. All of the three systems have simi-
lar energy gap and the differences between them are 

and conduction bond is about similar. So it can’t be 

the gases is higher than NCNT.

4. CONCLUSIONS

gases on NCNT is more desirable in comparison to 

existence of Nitrogen in the structure of CNT leads 
to an increase in the adsorption of H2 2. Ad-

sorption of H2 2 gases on the external wall 
of NCNT is better than their adsorptions on the inter-
nal wall. Adsorption of H2S gas on the external wall 

2 on it. With 
regard to data obtained from natural bonding orbital 

electrostatic, and there are no bonds between gaseous 
atoms and NCNT. Adsorption of both gases is desir-
able in terms of thermodynamic data. Corrections of 
energy are negligible based on the superposition error 
of basis set for both gases. It is suggested to consider 
correction values of energy for a better evaluation of 
adsorption energies. The frontier orbitals are similar in 

2 2S leads to a 

2

and H2S gases on the NCNT does not obviously affect 
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