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ABSTRACT
7KHSK\VLFDODGVRUSWLRQRIK\GURJHQVXO¿GHDQGFDUERQGLR[LGHJDVHVRQWKH]LJ]DJ  FDUERQQDQRWXEHVGRSHG
ZLWK QLWURJHQ ZDV LQYHVWLJDWHG WKURXJK WKH DSSOLFDWLRQ RI %/<3*  DW WKH OHYHO RI WKHRU\ RQ *DXVVLDQ 
VRIWZDUH$YDULHW\RIVWDEOHDQGKLJKDEXQGDQFHVWUXFWXUHVRIQLWURJHQGRSHGFDUERQQDQRWXEHVZHUHFRQVLGHUHG
LQRUGHUWRVWXG\WKHLQWHUDFWLRQEHWZHHQWKHPHQWLRQHGJDVHVLQGLIIHUHQWVLWXDWLRQVE\WDNLQJURWDWHVRIVRXUJDV
PROHFXOHV LQ WKH LQQHU DQG RXWHU ZDOOV )HDWXUHV VXFK DV FRUUHFWLRQ RI HQHUJ\ DGVRUSWLRQ HQHUJ\ JDS GLSROH
PRPHQW FKDUJH GLVWULEXWLRQ FRQGXFWRUV DQG HQHUJ\ EDUULHU DV ZHOO DV WKH PDLQ SDUDPHWHUV VXFK DV WKH JDV
DGVRUSWLRQHQHUJ\RQWKHQDQRWXEHVZHUHREWDLQHG7KHUHVXOWVVXJJHVWWKDWWKHQLWURJHQDWRPLQWKHVWUXFWXUHRI
FDUERQQDQRWXEHVFDXVHVWRLQFUHDVHWKHDGVRUSWLRQRIK\GURJHQVXO¿GHDQGFDUERQGLR[LGHJDVHV$GVRUSWLRQRI
K\GURJHQVXO¿GHRQWKHQDQRWXEHVLVPRUHHIIHFWLYHWKDQFDUERQGLR[LGH0RUHRYHUIRUERWKJDVHVWKHDGVRUSWLRQ
SURFHVVHVDUHWKHUPRG\QDPLFDOO\IDYRUDEOH7KHVHQDQRWXEHVFDQEHHFRQRPLFDOO\XVHGWRVHSDUDWHVRXUJDVHV
IURPQDWXUDOJDVHVDQGWRUHFRYHUWKHVXOIXU
Keyword: 'HQVLW\ IXQFWLRQDO WKHRU\ (QHUJ\ DGVRUSWLRQ 6LQJOH ZDOO FDUERQ QDQRWXEH GRSHG ZLWK QLWURJHQ +\GURJHQ
VXO¿GH&DUERQGLR[LGH

1. INTRODUCTION
Today nanotechnology is a matter of concern for all
SHRSOH DURXQG WKH ZRUOG *UHDW DQG XQLTXH VSHFL¿cations of these modern and new structures lead to a
VLJQL¿FDQWUHYROXWLRQLQWKHLQGXVWULDOZRUOG>@2QH
of the most commonly used structures, which is of a
great importance in nanotechnology, is carbon nanoWXEHV &17  6LJQL¿FDQW VSHFL¿FDWLRQV RI &17 DUH

(*) Corresponding Author - e-mail: mory_rezaie@yahoo.com

available from different sources [2]. These characteristics include thermal, chemical and structural properWLHV>@1DQRWXEHVWUXFWXUHVFDQEHGLYLGHGLQWRWKUHH
main groups namely, zigzag, armchair and chiral strucWXUHV>@%HFDXVHRILWVGLIIHUHQWVWUXFWXUHVDQGYDULous applications, CNT is being increasingly applied in
GLIIHUHQW LQGXVWULHV DQG VFLHQFHV >@ 2QH WKH PRVW
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important industries which has been paying so much
DWWHQWLRQWRWKHDSSOLFDWLRQVRI&17DUHRLOUH¿QHPHQW
and process industry. These structures are so noteworthy 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 addition to the above mentioned compounds, some other
impurities such as carbon dioxide and hydrogen sul¿GHDUHSUHVHQWLQWKHQDWXUDOJDV>@$PRQJWKHVH
LPSXULWLHV FDUERQ GLR[LGH DQG K\GURJHQ VXO¿GH DUH
of a great importance. These are named acidic gases 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 environmental pollutants. The crude natural gases are named
sour gases due to having sulfur compounds specially
H26 >@ 7KH DERYH PHQWLRQHG LVVXHV VKRZ WKH
VLJQL¿FDQFHRIVHSDUDWLQJ&22 from H2S. The process
LQZKLFK&22 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 comparison to the experimental methods. Because nitrogenized 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 abundances [17-21]. Having selected the proper structure, the
interactions between H26 DQG &22 gases adjacent to
NCNT and the pathway of adsorption on the nanotubes 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
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tum calculations in nanotube structures could be
WLPHFRQVXPLQJ WKHUHIRUH LQ WKLV UHVHDUFK TXDOLWDtive surveys were considered in order to accelerate
these calculations, an average base set is used in this
VWXG\$FFRUGLQJO\%/<3* ZDVXVHGLQRUGHU
to optimize the structures, stability of wave function,
frequency, Energy correction to the basis set superposition error (BSSE) and thermochemistry of calculations, for the purpose of these calculations, Gaussian
 VRIWZDUHIRU /LQX[RSHUDWLQJV\VWHPDQGDTXDG
FRUH&38HTXLSSHG3&ZHUHXVHG>@
In this article, nitrogen-doped single wall zigzag
QDQRWXEHV  ZHUHDSSOLHGWRWKHVWXGLHVDQGDQDO\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 errors in complete optimization and frequency calculaWLRQV>@0DMRUFDOFXODWLRQVDUHDERXWRSWLPL]DWLRQ
of various CNT structures and the CNT adjacent to
H26DQG&22 gases which lead to interactional energy
calculations for adsorption. Adsorption energy calcuODWLRQVIRUHDFKVLWHLVGH¿QHGDVIROORZV
E ads

E (gas  nanotube)  E gas  E nanotube

(1)

From among the calculations, electrical conductivity
calculation can be mentioned. Energy gap can be a criteria and indicator of electrical conductivity, which is
GH¿QHGDV
'E

E /802  E +202

(2)

A less energy gap leads to a more electrical property.
The value of enthalpy changes in the physical surface
DGVRUSWLRQLVFRPPRQO\LQWKHUDQJHRIWRNFDO
PROZKLFKLVVLPLODUWRWKHYDOXHRIJDVOLTXLGLW\>@
7KLVTXDQWLW\LVGH¿QHGDV
'H q298

¦ 'H

3U RG

q
f

¦ 'H

5HDF

q
f

(3)

In summary, the structures of NCNT, formed by the
substitution of one nitrogen atom with one of the carbon 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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Figure 1: a) (Structure 1): nitrogen is located in up-edge position; b) (Structure 2): nitrogen is substituted beWZHHQFDUERQDWRPVLQVLGHWKHQDQRWXEHF  6WUXFWXUH 6WRQH:DOO  GH¿FLW>@G  6WUXFWXUH 
nitrogen is located in down-edge.

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 substitution, 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
WKHVWUXFWXUHVLQ)LJXUH7KHQWKHFKDQJHGDQG
transformed properties such as Energies of Structures
were analyzed and evaluated. Table 1 presents a summary of some electron properties such as total energy, relative energy, energy gaps and dipoles moment
for NCNT and their differences with CNT. Nitrogen
LVPRUHHOHFWURQHJDWLYHWKDQFDUERQ DERXW DQG
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 Nitrogen atom, are called Bamboo like structures, which

are apparent especially in the structures of NCNT [27].
$FFRUGLQJWRWKHGH¿QLWLRQRIHQHUJ\FRQWHQWWKHORZer 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
WR¿QGWKHGHVLUHGVWUXFWXUHZLWKWKHKLJKHVWOHYHORI
stability and synthesis feasibility, more detailed calFXODWLRQVDUHUHTXLUHG2QHRIWKHPRVWLPSRUWDQWDQG
XVHIXO FDOFXODWLRQV LQ WKLV ¿HOG LV WKH IUHTXHQF\ DQG
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
WKHVHVWUXFWXUHVVKRZVWKDWSHUFHQWVRIWKHVHVWUXFWXUHVUHODWHVWRVWUXFWXUHVWUXFWXUHLQFOXGHVSHUFHQWVVWUXFWXUHFRQVLVWVRISHUFHQWVDQGDERXW
percent belongs to other types of structure [28]. With

Table 1:6XPPDU\RISURSHUWLHVDQGVSHFL¿FDWLRQVDERXW1&17VWUXFWXUHVDQG&17

Structure

Total Energy
(Hartree)

5HODWLYH
Energy

Dipole Moment
(Debye)

+202
(Hartree)

/802
(Hartree)

Energy Gap
(eV)

Structure 1













Structure 2
Structure 3
6WUXFWXUH
&17 


-1926.779
-1926.797







3.31
2.16














1.117
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Table 2: Summary of results obtained from frequency calculation.

Structure

ΔUtot

ΔHtot

ΔGtot

Structure 1







Structure 2

-1926.3818





Structure 3







6WUXFWXUH







+\GURJHQ6XO¿GH
Carbon Dioxide
NCNT & H2S
1&17 &22

-399.3379














regard to the high abundance of structure 2 and its low
energy difference with structure 1, structure 2 is considered 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
*DVÀRZDFRPSOHWHO\DFFLGHQWDOPRYHPHQWVRLWLV
not possible to say exactly in what positions the gasHRXV PROHFXOHV DUH ORFDWHG 3DVVLQJ JDVHV WKURXJK
internal or external wall of the CNTs, their accidental movements, as well as the existence of different
atoms such as carbon, nitrogen, sulfur and oxygen











D



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¿GHJDVHRXVPROHFXOHVZLWK&YV\PPHWU\ZKLFKLWV
PDLQD[LVQDPHO\&D[LVLVDORQJZLWK=D[LVZLOO
make three main positions for interaction with the
main axis of nano tube which pass through the center of nano tube. Figure 2-a depicts these positions as
well as the three main interactions between H2S and
1&17 LQ WZR YLVLRQV >@ &DUERQ GLR[LGH JDVHRXV
PROHFXOH ZLWK 'K V\PPHWU\ LV OLQHDU VR WKHUH DUH
two main interaction positions as shown in Figure 2-b.
:LWKUHJDUGWRWKH&D[LVDURWDWLRQDURXQGWKLV





E

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
WKHPROHFXOHVRWKHURWDWLRQUDQJHVKRXOGEHGH¿QHG
EHWZHHQDQG7KHUHIRUHWKHVWUXFWXUHVRIWKH
URWDWLRQDQJOHVRI
DQGZHUHFRQVLGHUHGLQWKLVVWXG\,QRUGHUWRHYDOXDWHWKHYDULRXVO\GH¿QHGSRVLWLRQVLWZDV
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 interacWLRQ SRVLWLRQV VLQJOH SRLQW 63  HQHUJ\ FDOFXODWLRQ
was used which did not change the structure. Therefore, it was possible to rotate the gaseous molecule in
proper directions and to calculate their related energies for their positions.
+2S data analyses
2EWDLQHGGDWDIURPWKH63URWDWLRQHQHUJ\FDOFXODWLRQV
IRUGLIIHUHQWSRVLWLRQVRIK\GURJHQVXO¿GHDGMDFHQWWR
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).
3RVLWLRQVKDYHSRVLWLYHDGVRUSWLRQYDOXHVLQDOODQJOHVVRWKH\DUHDOLWWOHXQVWDEOH3RVLWLRQLQWR
KDYHDJRRGDGVRUSWLRQYDOXHDQGSRVLWLRQLQ
WRKDYHVWDEOHOHYHOVRIDGVRUSWLRQ*HQHUDOO\
energy differences between different positions and energy barrier in rotations are low. Figure 3-d shows the
values of energy gaps for adsorptions in different positions. 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 balDQFHGGLVWDQFHHTXDOWRcZKLFKKDVDERXWD
difference from the obtained value for complete optiPL]DWLRQDQGLIWKHSRLQWVDUHFRQVLGHUHGZLWKVKRUWHU
GLVWDQFHVWKHQWKLVHUURUZLOOGHFUHDVHWR7KLV
Figure shows the potential energy curve used in the
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geometrical optimization of molecule. A useful comparison 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.
5HVXOWV REWDLQHG IURP WKH HYDOXDWLRQ RI DGVRUSWLRQ
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
)LJXUHDVKRZWKH'DWDREWDLQHGIURPWKHFRUUHFWHG
adsorption energy calculations for different positions
of carbon dioxide adjacent to NCNT. The lowest level of adsorption energy belongs to position 2 which
HTXDOVWRNFDOPRO7KHWUHQGRIFKDQJHVRIWKH
DGVRUSWLRQHQHUJ\LQSRVLWLRQLVVLJQL¿FDQWZKLFKLV
due to the change in the interaction of oxygen and nitrogen 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 adsorpWLRQZDVIRXQG)LJXUHGSUHVHQWVWKHGDWDREWDLQHG
from the energy gaps. The lowest energy gap is in
DQGWKHKLJKHVWHQHUJ\JDSLVLQLQSRVLWLRQ
7KHFKDQJHVPDGHLQSRVLWLRQDUHVLJQL¿FDQWEHFDXVH
of the interactions between oxygen and nitrogen atRPV$FFRUGLQJWR)LJXUHHGLSROHPRPHQWVIRUDOO
of angles in position 1 are more than dipole moments
LQSRVLWLRQ)LJXUHEVKRZVWKHGDWDREWDLQHGIURP
FKDQJHVLQWKHGLVWDQFHVEHWZHHQ&22 and NCNTs. the
lowest energy found in the balanced distance equals to
cZKLFKKDVDERXWHUURULQFRPSDULVRQWRWKH
GDWDREWDLQHGIURPFRPSOHWHRSWLPL]DWLRQ)LJXUHF
provides a comparison between adsorption energy on
&22RQ&17DVZHOODV1&17V$GVRUSWLRQRI&22 is
more stable in NCNTs than in CNT. According to FigXUHIDGVRUSWLRQRI&22 inside the NCNTs is often
neither effective nor useful.
&RPSDULVRQVRI+2S and CO2 adsorptions
Does NCNT as a separator catalyst show a better reaction to the separation of H26 RU WKDW RI &22 from
sour gases in the sweetening process? The answer to
this question is obtained from the analysis and evaluation of the comparison between adsorption energy of
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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.

the desired gases. For H26DQG&22 the best adsorpWLRQVZHUHIRXQGLQSRVLWLRQ,Q)LJXUHDLQGLFDWHV
a comparison between the adsorption energy of both
gaseous molecules on NCNTs resulting from the rotation. Generally, the adsorption of H2S on NCNT is
PRUHHIIHFWLYHWKDQWKDWRI&22. 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
&17 LV SURYLGHG LQ )LJXUH E$GVRUSWLRQV RI ERWK


gases on CNT are weak and unstable. Therefore, existence of nitrogen in the structure of CNT leads to an
increase in the adsorption of H26DQG&22 gases. The
YDOXHRIǻ+IRUWKHDGVRUSWLRQRI+26DQG&22 is
DQGNFDOPROUHVSHFWLYHO\$GVRUSWLRQSURcess is thermodynamically desirable.
3.6. Electrostatic potential
Electrostatic potential or electric potential energy surIDFH (3(6 LQGLFDWHVWKHHOHFWULFFKDUJHGLVWULEXWLRQ
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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.
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Figure 5: The Comparison between adsorption energies of H2S and CO2 on a) NCNT and b) CNT.
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Figure 6: A feature of the EPES for bare NCNT obtained from MultiWFN.

around the system. This knowledge instruct to identify
the probable positions for interaction or/and reaction.
$IHDWXUHRIWKH(3(6IRUEDUH1&17KDVEHHQGHSLFWed 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
DQGIURPWKHFDUERQDWRPIRU&22.

static, and about H2S/NCNT because of more negative
YDOXHIRU+LQWKH%&3WKDQ&22/NCNT, the interaction is Vander Waals.
3.8. Density of states
7KH FRPSDULVRQ RI WKH GHQVLW\ RI VWDWHV '26  IRU
CNT and NCNT has been presented in Figure 7-a. This
FDOFXODWLRQLVGRQHE\WKH0XOWL:)1VRIWZDUH 2SHQ
VRXUFHVRIWZDUHRQ/LQX[ 7KH)LJXUHVKRZVWKH'26
between the valance bond and conduction bond is not
zero and states that both structures are semiconducWRUV7KHHQHUJ\JDSIRUWKHV\VWHPVLVDQG
ev, respectively, which put on for the semiconductor
ranges. In the present of nitrogen atom in the tube the
HQHUJ\JDSGHFUHDVHVDERXWHYPHDQVPRUHHOHFWULFFRQGXFWLYLW\WKDQ&17EXWQRFKDQJHVLQWKH'26
LQYDODQFHERQGDQGPRUH'26LQWKHFRQGXFWLRQERQG
So it is expected that NCNT has less electric conductivity than CNT. Fig 7-b shows that the present of the
acidic gases on the CNT nanotubes causes to decrease
WKHHQHUJ\JDSDERXWHYDQGFKDQJHWKH'26LQ
the conduction bond. In addition the differences be-

47$,0DQDO\VLV
7KH REWDLQHG UHVXOWV DERXW WKH LGHQWL¿FDWLRQ RI WKH
FULWLFDO SRLQWV &3  DQG ERQGLQJ SDWKZD\ WKURXJK
$,0VRIWZDUHLQFOXGLQJWKHW\SHRIFULWLFDOSRLQW
electron density (U  /DSODFLDQ '2U) and electron
Hamilton (H) have been collected in Table 3 [31]. By
SD\LQJDWWHQWLRQWRWKHSRVLWLYHYDOXHVIRUWKH/DSODcian it can be predicted the weak interactions between
both H26 DQG &22 gases with the NCNT. In other
words because of low values for U and H for the two
FULWLFDOSRLQWVRI&22/NCNT the interaction is electro-

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

System
H2S/NCNT
&22/NCNT


AIM
NCNT
C
C
N
C

&3
gas
H
H
C
2

type
(3, -1)
(3, -1)
(3, -1)
(3, -1)

name
%&3
%&3
%&3
%&3

ρ

∇2ρ

H
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Figure 7: Density of states (DOS) for the CNT and NCNT bare and the adsorbed gases systems.

WZHHQWKH'26IRUEDUH&17DQGJDV&17DUHKLJK
ZKLFKOHDGVWRXVHWKHV\VWHPIRUWKHLGHQWL¿FDWLRQRI
the gases. Because of the similar differences for the
'26 RI &22/CNT and H2S/CNT they can’t be used
WKH WXEH IRU LGHQWL¿FDWLRQ RI WKH JDV VLPXOWDQHRXVO\
7KHFDOFXODWHGRI'26IRUEDUH1&17DQGJDV1&17
has been shown in Figure 7-c which differs from the
gas/CNT systems. All of the three systems have similar energy gap and the differences between them are
LQ¿QLWHVLPDO DERXWHY EXW'26IRUERWKYDODQFH
and conduction bond is about similar. So it can’t be
XVHGWKH1&17IRULGHQWL¿FDWLRQRIWKHDFLGLFJDVHV
7KHSHUIRUPDQFHRIWKH&17LQWKHLGHQWL¿FDWLRQRI
the gases is higher than NCNT.

4. CONCLUSIONS
$GVRUSWLRQ RI K\GURJHQ VXO¿GH DQG FDUERQ GLR[LGH
gases on NCNT is more desirable in comparison to
WKHLUDGVRUSWLRQVRQ&172EWDLQHGUHVXOWVUHYHDOWKDW
existence of Nitrogen in the structure of CNT leads
to an increase in the adsorption of H26DQG&22. Ad-

sorption of H26 DQG &22 gases on the external wall
of NCNT is better than their adsorptions on the internal wall. Adsorption of H2S gas on the external wall
RI1&17LVDELWEHWWHUWKDQWKDWRI&22 on it. With
regard to data obtained from natural bonding orbital
1%2  FDOFXODWLRQV $GVRUSWLRQ RI ERWK JDVHV DUH
electrostatic, and there are no bonds between gaseous
atoms and NCNT. Adsorption of both gases is desirable in terms of thermodynamic data. Corrections of
energy are negligible based on the superposition error
of basis set for both gases. It is suggested to consider
correction values of energy for a better evaluation of
adsorption energies. The frontier orbitals are similar in
WKH&17EDUHDQG&22&17KRZHYHU+2S leads to a
GHFUHDVHLQWKH+202RUELWDO$GVRUSWLRQRIWKH&22
and H2S gases on the NCNT does not obviously affect
WKHRUELWDOVDQG'26RIWKHEDUHV\VWHPV
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