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ABSTRACT

The combining processes of adsorption on all differsites of surface and open ends of SWCNTs amlyma
exothermic and the relaxed geometries are genetally stable. The obtained results reveal thatitberaction
between N® molecule and the open-ended armchair (4, 4) SW@NTveak and may be considered as
chemisorption process.. In the contrary, the int¢ien between NOmolecule and the open ended zigzag (5,0)
SWCNT is rather strongnd can be concluded asphysisorption process. The chemisorption of N@lecule has
appreciable adsorption energy. This may be attiifgito electronic configuration of p electrons dre tsurface and
carbon doped atoms on the open ends of these moid8M/CNTs. Thus, the adsorption of N@blecule over the
surface and on the open ends of the SWCNTs wdielct dfieir electronic conductance and mechanicalperties,
which could serve in the gas sensor signal. It lbarconcluding that the remarkable charge transfemf SWCNTs

to NG, molecule falls out due to the decrease of theaapOMO-LUMO energy.

Keywords: Physisorption, chemisorptions, conductance, engagy HOMO — LUMO energy.

INTRODUCTION

The first researcher who has found carbon nanotwaess ljima, which produced by graphite and repottad
ushered in a new and phenomenal research fieldmppessing gases by physisorption methods [1].cRHamges in
electrical resistance by adsorption of certain gaslecules, also were studied by certain authors ared
considerable [2- 4]. For example the adsorptioNG@g depicts GoHio and G,His tubes modeling a zig-zag (5,0)
and armchair (4, 4) SWCNTSs (Figure 1) which demmss the stated effect on the electronic struati@®NVCNTs
[5-7]. Electronic properties of SWCNTs have beardi&d in numerous computational and theoreticadistuand
optimized forms of nanotubes can be designed byeaige positioning of NOgas on considered carbon atoms
[8,9]. Although, some studies have investigatedattt®orption of other gases such asNHs, N,, CO,, CH;,, H,0,

H, and Ar [10-14], the adsorption of NOn SWCNTshas not beenlearlystudied

In this paper, we report the results of densitycfiomal calculations that investigates the charigebe electronic
structure of CNTs when exposure N@olecule. This observation motivated us to underizalculations aimed at
elucidating the mechanism by which N@olecules adsorbed over SWCNTSs.

In this study N@ adsorption mechanism on the surface and on the epés of SWCNTSs investigated. It was found
that NG can be adsorbed on the surface and open on tleoérmigzag (5, 0) and armchair (4, 4) SWCNTs that
makes active nitrite group. The obtained computatioesults in this work, can lead to a new comension to the
nanotechnology of gas sensing and monitoring.
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MATERIALS AND METHODS

Computational details

The interactions of COgas molecules on the surface and on the open a&hzigzag (5, 0) and armchair (4, 4)
SWCNTSs were evaluated within the framework of digrisinctional theory [13-15]. In order to avoid theundary
effects, hydrogen atoms doped the atoms at the epasn of SWCNTs. The performed calculations baseder in
this investigation the gauge-included atomic otl{i&@AO) approach [16-20]. Therefore, structuresS§CNTs are
allowed to fully relax during the base series B3AV8®B11++G (, p) optimization process and properties of the
structures considered models of SWCNTs armchad) (4constructed of 64 C and 16 H atoms), and zids20)
(constructed of 40 C and 10 H atoms), types (Figvere calculated.

(b)
Fig.1. Pristine structure of single walled carbon anotubes (a) armchair (4, 4), (b) Zigzag(5,0)

To confirm that, all of the stationary points asdate to true minima on the surface of the potémtieergy, the
vibration frequencies also calculated at the sagwell Geometry and density of states (DOS) of zjg&a 0) and
armchair (4, 4) SWCNTSs of the optimized tubes whach shown in Fig. 1, indicate that the tubes #&reesemi-
conductor or conductor with HOMO/LUMO energy gags)(of 0.122 eV and 0.131 eV, respectively. The
diameters and the lengths of the optimized prisB#CNTSs, zigzag (5, 0) and armchair (4,4), werewdated and
were about 4.02 A and 7.08 A, 5.67A and 7.34A, eetipely. The adsorption energy(f is determined as the
energy difference between the adsorbate and therkzeld in the interaction process. Thugysf the gas onto
nanotubes defined as:

Euss = Eswents NQ (Eswenrs E Np) (1)

Where Eswcents —nodenotes the total energy of the (5,0) zigzag amt) @mchair SWCNTs with the corresponding
adsorbed gas molecule andwents and Koz are the total energies of the isolated nanotubesgas molecules,
respectively. Based on the equat{@h negative adsorption energy means that the forRe3-SWCNTs) complex
is stable and positive adsorption energy indictitasthe local minimum belongs to the adsorptiogas molecules
onto the nanotubes, which debarred by a barrierer@/lisycnts in NO,-SWCNTS /Ko, in NO,-SWCNTSs is the
total energy of SWCNTs [, and E. SWCNTs /B¢ gas is the deformation energy of tube/gas in étaxed
geometry.

By this explanation, <0 corresponds to exothermic adsorption which tesinl local minima perdurable for
adsorption of gas molecule on the open end of gi¢z®) SWCNT.

The electronic structure of the most energetictdhorable complexes analyzed according to the glaatid net
charge transfers, which obtained from natural borigdtal (NBO) and Mulliken analysis to estimate thensing
capability [21]. The quantum molecular descripi@3, 23] for SWCNTs defined as following:

H=—(1+A)/2 2)
X=-H (3
n=(+A)/2 (4)
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-1
S=3N ®)

[
w—[zn] (6)

Where, | (-Eowmo) is the ionization potential, A (tGuo) is the electron affinity of the molecule,dwo is the energy
of the Fermi level, Eyuo is the first given value of the conduction band giis defined as the negative of chemical
potential ¢ = -u). Furthermore, hardness)(can be approximated using the Koopmans’ theo&thds: = (ELumo

— Eromo)/2. Softness (S) [25] and electrophilicity)([26] defined by equations (5) and (he maximum amount
of electronic chargeAN.x (@.u.), that the electrophile system may accegrgby Eq. (7) [27]:

AN ="H (7)
n

max

Method

In this study we used the Gassian03 softwaregU3FTI method for research on the adsorption meshani NQ

on the carbon nanotubes (zigzag (5, 0) and arm¢hAai4) SWCNTs) and determination the propertieband
lengths, dipole moments, binding energies, HOMO—-L@Mnergy gaps and Fermi level energies by theatetic
methods.

The SWCNTs was initially constructed maintaining t8—C distance at 1.42 A, and the structure was the
optimized (Fig. 1). After optimization, one N@olecule attached to the tube wall in each urilt es shown in
Fig.2. Two rotational geometries of NO2 on the acefand on the open ends of the zigzag (5, 0) mnchair (4, 4)
SWCNTSs considered respectively, as shown on FigdnZhe present study, also the results of dersitctional
calculations on the pristine and WSWCNTs models reported. The electronic structoreperties of bond lengths,
dipole moments, binding energies, energy gaps, Flewel energies and in addition, the electroniogarties of
NO, adsorbed onto the nanotubes have investigated.

RESULTS AND DISCUSSION

Firstly, the structure of pristine SWCNTs includirmzag (5, 0) and armchair (4,4) models which wesed for
NO, adsorption, are optimized and are showhkig 1 The structure of N@also, optimized. Four adsorption states
of NO, molecule on the zigzag (5,0) and on the armchia#) ( SWCNTs for the most stable configurationsever
studied via its expected active sites (C-C) overCHVs surface and open ends. The optimized georsebfic
perfect zigzag(5, 0) and armchair (4,4) SWCNTs weuad to be with C-C bond lengths about 1.396A 2#85A

on the surface and 1.443A, 1.358A on the open eamitbthe diameters of the nanotubes about 3.9865%#7V0A,
respectively. After N@chemisorption on the open end of (5,0) SWCNT a@y physisorption on the open end of
(4,4) SWCNT, there is not efficient change of tieteters and C-C bond lengths of the nanotubes.

But after NQ adsorption on the surface (5,0) and (4,4) SWCMFE, bond lengths were about 3.999A and 4.286A
in the open end adsorption and 1.583A and 1.638thénsurface adsorption of (4,4) SWCNT and (5,0)3W,
respectively. Investigation on the adsorption ofZANi@rough -CNTs bond represented the strongeraoten on the
surface of (5,0) and (4,4) SWCNTs than on the ogmauts of zigzag (5,0) and armchair (4,4) SWCNTSs \lith
energy values of -0.027 eV, 0.750 eV and 9.450%%70 eV, respectively (see table 1). The netgdwnansfer
(Q) from NGO, molecule to zigzag (5,0) and armchair (4,4) SWCMBs calculated by using Mulliken population
analysis, which is defined as the charge differdmetsveen N@ molecule adsorbed on the doped nanotube and an
isolated NQ molecule. Also, NBO analysis shows that the natctinarges of N atom in NQand C atom over the
surface and on the open end of zigzag (5,0) amttzair (4,4) SWCNTs are about —0.165 esu, -0.489 aadd
0.271 esu, 0.081 esu, respectively (table 2). We Haund that the electron charge transfer is apoitant
mechanism of change in conductivity of CNTs whitis@rption of NQ gas.

The charge transfer behavior affects the whole eommation of CNTs, giving rise to a change in carttlity. This
strongly suggests that N@nolecule is electron acceptor from CNTs or elettlonor to CNTSs, in accordance with
the results of electron charge transfer above dgsll From our calculations, we can explain théemince in
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adsorption mechanism of N®nolecule on the surface and on the open ends of WCThe obtained data
summarized inTables 1and 2. Remind that the electronic structures @s¢h SWCNTs are approximately
independent of diameter and chirality of CNTs beeaof enormous ionicity of these bindings. Hentcseéms that
the adsorption of NOmolecule on the open ends of armchair (4,4) agzegj (5,0) SWCNTs could be weaker than
on the surface of these nanotubes. This can atdbtio thep orbitals electrons configuration on the surfacéd En
doped atoms on the open ends of nanotubes andlspagintation of N@molecule.

Table 1. Calculated adsorption energies (&), HOMO (Eomo) and LUMO energies (Eumo), HOMO-LUMO energy gap (Ej), Qr (esu)
and dipole moment (Debye) of the N@adsorption on the surface and on the open ends zifjzag (5,0) and armchair (4,4) SWCNTSs.

System Eis | Dipole moment| Enomo | Erumo E, | AE;(%)° | Qr
(eV) (Debye) (ev) | (ev) | (eV) (eVv) (esu)

NO, - 0.355 -0.395 -0.120 0.27p - -
CNT (5, 0) - 0.003 -0.242 -0.12p 0.122

CNT (4, 4) - 2.361 -0.230 -0.099 0.131 - -
NO,-CNT(4, 4)-D 0.750 4.5415 -0.188 -0.113 0.0[75 57.2% 0.181
NO,-CNT(5, 0)-D | -0.027 11.5356 -0.192  -0.138 0.063 443. 0.271
NO,-CNT (4,4)-S| 0.270 3.0463 -0.175 -0.101 0.073 25.7| -0.499
NO,-CNT (5,0)-S| 9.450 2.0026 -0.166 -0.118 0.048 29.3| -0.165

2 Qris defined as the average of total Mulliken changethe molecule.
® The change of HOMO-LUMO gap of SWCNTSs aftes tf3orption.

Considering the orientation of N@n the surface and on the open ends of the SWCaATsimber of different
starting structures have used for optimization taimimg carbon atoms of SWCNTSs.

After careful structural optimizations, re-oriemtat of NO2 molecule has predicted in some cases fiaally four
stable NQ/SWCNTs complexes obtained (sEig. 2). More detailed information including values ofy& dipole

moments, Mulliken charge transfers t§Qand electronic properties listed ifiable 2 All these calculations
performed using Gaussian03 software packagg

Table 2. Chemical potential f1), hardness f), softness (S)ANmax (a.U.), and electrophilicity @) of NO,, pristine CNTs and NO,
adsorption on CNTs surface and on CNTs open ends dte B3PW91/6-311++G** level.

Property NQ | CNT(4,4)| CNT(5,0)] CNT(4,4)-N®S | CNT(4,4)-NG-D | CNT(5,0)- | CNT(5,0)-
NO»-S NO,-D

[l = ~Evomd] (eV) -0.395| -0.230 -0.242 -0.175 -0.188 -0.164 192

[A = —Eiumo] (eV) -0.120] -0.099 -0.120 -0.101 -0.113 -0.114 138

[n = (-A)2] (eV) -0.138] -0.065 -0.061 -0.037 -0.037 -0.024 -0.027

[n=-(1+A)2](eV) | 0.024 0.329 0.181 0.138 0.150 0.142 -0.165

[S=1/2n] (eV) -0.06¢ | -0.03¢ -0.031 -0.01¢ -0.01¢ -0.01¢ -0.01¢

[0 = u%2n] (eV) -0.002| -0.833 -0.269 -0.257 -6/627 -0.42( 868

A N = —uin] (a0 | 0174 5.061 2.967 3.729 4.054 5.916 6.111

As shown inFig. 2 the interaction occurs between N atom of ,Nfiblecule and C atom of the SWCNT. After
optimization of above CNTs, the large differencéwsen these four sites may be interpreted by thereaf the
newly formed bonds between N@ith the surface and the open end of zigzag &m@) armchair (4,4) SWCNTSs.
The lengths of C-C bonds increased from 1.435 858 A in the pristine nanotube on the surface amnthe open
end of armchair (4,4) SWCNT to 1.516 A, 1.359 A w0, was adsorbed over these positions. Also the length
of C-C bonds increased from 1.396 A and 1.443 ghimpristine nanotube on the surface and on tha epd of
zigzag (5,0) SWCNT to 1.540 A and 1.433 A when,N¥@s adsorbed over these positions. These calmutatvere
performed using base series of B3PW91/6-31+d,@)(

The calculations of N@adsorption on the surface of SWCNTSs indidhgg the geometric structure of the adsorbent
distorted. In this configuration, a Mulliken charge of -0.4d8u and -0.086 esu transferred from the zigzag &g
armchair (4,4) SWCNTSs, respectively, to NMolecule and the calculatedqEvalues are about -9.450 eV and
0.270 eV (Table 1)The smallest distance of N@olecule from nanotube found to be about 1.583#&anharge of
-0.445 esu transferred from the molecule to the-BQT (5, 0)-S. The sensitivity of the response &s gholecule
seems be related to the amount of electron chaagsfer and the binding energy. In additiongancludedthat
SWCNTSs respond more quickly and sensitively to,Nf@s on the surface than on the open end of SWCAITs.
above results indicate that there are strongerdation on the surface of zigzag (5,0) and armcfa#t) SWCNTs
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than on the open ends and may be considered assthption. These behaviors may attribute to¢bheportment
of p orbitals on the surface and the behavior H doedan atoms on the open ends of SWCNTSs.

Effect of NO, adsorption on the electronic properties of SWCNTs

The influence of the NQadsorption on the electronic properties of nanetwias studied. Uniform distribution of
HOMO and LUMO orbitals is shown in Fig. 3 and thea@e distribution of HOMO and LUMO orbitals on the
(5,0) and (4,4) SWCNTs loaded with one N& B3PW91/6-311++Gd( p) level are shown in Fig. 4. The
difference in energy between the HOMO and the LU calculated from DOS plots (see Fig. 5). For theeb
SWCNTSs as shown iRig. 1, it can be concluded that N@dsorption on the surface and on the open enypdg
(5,0) nanotube gives a semi-conductor with gof.048 eV and 0.053 eV respectively. Also, Nidisorption on
the surface and on the open end of armchair (4Adtube gives a conductor with apdg 0.073 eV and 0.075 eV,
respectively. The sensing mechanism is to detecttmductance change of SWCNRduced by charge transfer
from NO, molecules to SWCNTSs.

NO,-CNT (4, 4)-D NO,-CNT (4, 4)-S

Calculated DOS plotsF{g. 5 show that N@ adsorptions through physisorption on the open efddO,-CNT
(4,4)-D and N@-CNT (5,0)-D and the N@adsorptions through chemisorption on surfaces@f-GNT (4,4)-S and
NO,-CNT (5,0)-S, the valence and conduction levelshef SWCNTSs are slightly changed and therefore thefE
SWCNT is preserved. The,Bf nanotubes after NCadsorption on the (5,0) nanotube and (4,4) narosiiowa
decrease from 0.122 eV and 0.131eV in the pristareotube to 0.048 eV on the surface and 0.053redpen end
of (5,0) nanotube and 0.073 eV on the surface a@és0eV on the open end of (4,4) nanotubes (sde fgbThe
DOS plots for chemisorption cases show a consitiediange in electronic properties that indicagséhproperties
of SWCNTSs are very sensitive to N@holecule adsorption on these structures, in coisgamwith the physisorption
cases. It revealed from DOS plots that their cotidnclevels in both complexes, adsorbed on theaserfand
adsorbed on the open end, are approximately sital&WCNTSs, while the valence levels are signiftaahifted
upwards. A new peak appeared just beneath the Hewmmi. This peak indicates that after adsorptiériN®,
molecule, the system becomes either a semicond@@grag (5,0) SWCNT) or a conductor with smalkgr
(armchair (4,4) SWCNT), and thus, a significantréase in electrical conductivity is expected in panson with
the pristine nanotubes. In order to interpret ti@ Mteraction with SWCNTSs, it concluded that the HOMf NO,-
adsorbed nanotubes more localized on both of therption sites occupied by N@nolecules. The energy level of
HOMO is about -0.188eV in NECNT (4,4)-D and about -0.192 eV NCNT (5,0)-D in, that indicates it becomes
less stable by NOadsorption because of the charge transfer from td@anotubes (gvo of non adsorbed (4,4)
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and (5,0) SWCNT, is -0.230 eV and -0.242 eV, reSpely). On the other hand, as shownFig. 4, the LUMO of
NO2 adsorbed on nanotubes surface remains neangtast and indicates that the LUMO not contribuied
adsorption process. The considerable change al$o848% to 57.251% in theyBvalue, demonstrates the high
sensitivity of electronic properties of SWCNTs tads adsorption of NOmolecule. Calculated Bvalues for the
complexes of N@adsorbed on the surface and on the open ends @NSW indicates that theyBf the complexes
decreased by increasing of adsorbed, Niblecules. It suggests that N@©@an transform the presence of this
molecule directly into an electrical signal, anéréfore it may potentially use in NQensors. As a result, this
nanotube can monitor NOnolecule in its pristine type without manipulatiitg structure through doping, making
defect, etc. In addition, the response of hanotnag be dependent on the concentration 0§.NO

3.999

NO,-CNT (5, 0)-D NO,-CNT (5, 0)-S
Fig.2: Optimized geometries of N@adsorptions on the open end and on the surface nifjzag (5,0) and armchair (4,4) SWCNTs

Fig. 3. Uniform distribution of HOMO and LUMO orbit als
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Electronic energies and relative stabilities

To further investigate the adsorption propertie®dN@t on (5,0) and (4,4) SWCNTSs, the electronic energigdO,
adsorption on these nanotubes have examined. Whedti occupied molecular orbital (HOMO) and the detv
unoccupied molecular orbital (LUMO) in N@dsorption on the (5,0) and (4,4) SWCNTs wereistu@seeTable
1).

Table 2presents the results of LUMO and HOMO energies ©f Bdsorption on the (5,0) and (4,4) SWCNTs top
site, obtained by DFT calculations. This study aadkes that by adsorption of N©n the surface and on the open
ends of SWCNTSs, Ekwo and Eowo for whole models decreased. Therefore, both groafp®ccupied and
unoccupied molecular orbital are more stable thwse groups of pristine SWCNTs. Furthermore, HOM@ a
LUMO orbitals uniformly distributed throughout nanbes, which illustrates that covalent functioratiian is
preferable throughout the nanotubes (Sige 3.

4,4-NO,-S

;

5,0-NO,-D 5,0-NO-S

Fig. 4. Distribution of charges of HOMO and LUMO orbitals on the (5,0) and (4,4)SWCNT loaded with ondO, at the B3PW91/6-
311++G (, p) level.

d P
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The distribution of frontier orbital in the perfe(d,0) SWCNTs model, show that the HOMO is localizm the
most electronegative carbon atoms on the surfad@arthe open end of nanotube, which correspongdsetectron

on carbon atom&)hereas, the LUMO is more localized on the surfafceanotubes. In NOmolecule, the HOMO
and the LUMO are uniformly distributed on O = N =o@hitals which are summarized kig. 4. It can found that
the HOMO localized on the carbon orbitals on thdasie and on the open end of nanotubes, while i@ more

localized on carbon atoms on the surface in SWCaison NQ orbital

The chemical activity of SWCNTs can characterizgdtie HOMO-LUMO energy gap, which is a significant
parameter relying on HOMO and LUMO energy levelgi€ally, a small HOMO-LUMO energy gap means a high
chemical activity and a low chemical stability. Tbhalculated gap energies for zigzag (5, 0) and hang4,4)
SWCNTs are in the range of 0.12 to 0.13 eV at B3RPM/311++G (d, p) level (se€able ). When NQ is
adsorbed on the surfaces and on the open ends0dfatd (4,4) SWCNTSs in stable configuration (Ne3idhe gap
of energies decreases (see table 1). Chemicalistalbizigzag (5,0) and armchair (4,4) SWCNTSs vii# decreased
and hence chemical activity of such system willshghtly increasedFig. 5 shows the influence of NQon the
electronic properties of the (5,0) and (4,4) SWCNAo, the density of state (DOS) plots correspogdo
adsorption of the Ngby (5,0) and (4,4) SWCNTs have computed.

-a -5 -7 -5 -5 -4 -3 -z -1 o
Ernergu eVl

Alpha DOS spectrum
Beta DOS spectrum
Total DOS spectrum (scaled by 052

’ (b)

Q

1 =4 3 <4 =] -3 7 & a
Energu cevd

Alpha D05 spechrum
Beta DOS spectrum
Total DOF spectrum cscaled bu O.5)
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o 1 z 3 a 5 & 7 s =
Ernersy oWy

Alpha ODO0S spectrum
Eeta DOS spectrum
Total OOS spectrum ¢scaled by ©.5)

(d)

o 1 = ] 4 5 [ 7 =] El
Energu el

——— Alpha DO spectrum

Betas DOS spectrum

Total DOS spectrum (scaled bu ©.5

(e)

o i z ] 4 =) & 7 =3 =]
Energu (el

Alpha DOS spectrum
Beta 005 spectrum
Total DOS spectrum (scaled by 0050

136
http://www.easletters.com/issues.html



Fereydoun Ashrafi et al Entomol. Appl. Sci. Lett., 2016, 3 (5):128-139

(f)

-5 -5 -4 -5
Ernergu (eWl

Alpha DOS spectrum
Beta DO =pectrum
Total D03 spectrum (scaled by 0.5

Fig. 5. Total density of states (DOS) for an pristie (5, 0) and (4,4) SWCN{ (a and b), NGQ/(5, 0) SWCNTs surface (c)
and open ended (d), N@(4,4) SWCNT surface (e) and open ended (f).

Revealing slightly effect of NOmolecule in electronic conductivity of SWCNTSs, tB©S plots of NQ on (5,0)
and (4,4) SWCNTs displays more reasonable chargesthe DOS plots of pristine (4,4) SWCNTSs. Thisuie
states that the DOS plots of Bl@dsorption on (5,0) and on (4,4) SWCNTSs systenag Rermi level is not affected
by this adsorption. In fact, there is the slightlifference of the DOS between three combined systefriNGy/
SWCNTs. These results show that after adsorptioNGf on SWCNTs the HOMO-LUMO energy gap of
nanotubes have not considerable change that igidenee of the weak interaction between NfDd related to the
SWCNTSs.

Electric dipole moment

Electric dipole moment vector of species has ingrarproperties which shows the charge distributidven gases
were adsorbed on the surface and on open end ofuiss. While a N©molecule approaches the surface of (5,0)
and (4,4) SWCNTSs, the size and direction of thectale dipole moment vector will change depending on
configuration of NG molecule in adsorption process. The related coatjout indicates that while NCadsorption

in the case of all complexes, the total dipole moniiecreases (see table 1). The dipole momentS,0j éand (4,4)
SWCNTs were calculated and are about 0.003 and. D&bye, respectively. This considerable differeincgipole
moment values can attribute to physisorption arehgkorption status. In the case of N&gisorption on the surface
and on the open ends of SWCNTSs, the dipole monaet2.0026 Debye on the surface and 11.5356 Dabyke
open end for zigzag (5,0) and 3.0463 Debye on tinace and 4.5415 Debye on the open end for arméha)
SWCNTSs. In fact, both electron transfers and dipotement implies this concept that SWCNTs with apson of
NO, caused increasing of polarization and this waldeo the change of dipole moments.

Overall indices

The overall hardness of a substance defined agdistance against deformation in presence of ectral field.
Increasing in overall hardness, results in incredisability and decrease in reactivity of the stabce (see table 2).

In this study, the global indices of reactivity aoding to the DFT computations for N@dsorption on zigzag (5, 0)
and armchair (4,4) SWCNTs are presented in TabléVBile NO, adsorption on SWCNTSs, the hardness,
electrophilicity and electronic chemical potentialsSWCNTs decreased, and the contrary, softness increased
(see table 2). The results of this work also skiwat when NQ@is chemisorbed on the outer surface of SWCNTSs, a
slight charge transfer to N@an be occur, which may be attributed to hightebeegativity of N and O atoms. The
direction of electron flow can characterize by #fect of this electronegativity.

When NQ approaches SWCNTSs, the electrons is transfermed frigher chemical potential to the lower electconi
chemical potential, until the electronic chemicatgntials achieve an equilibrium [22]. This studhypws also the
same results (table 2).The energy lowering of anthdue to maximum flow of electron from donor ¢ceptor can
determined by global electrophilicity index andsthiill provide information about structural statyili
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The results obtained in this investigation confthra above discussion (see table 2).
CONCLUSION

Studying the adsorption of NO2 through -CNT bongresented the stronger interaction on the surfaae on the
open ends of zigzag (5,0) and armchair (4,4) SWCNT&s may attributed to electronic configuratidnpoorbitals
of carbon in the surface of SWCNTSs.

It was found that the electron charge transfemisnagportant mechanism of change in conductivityCdfTs when
adsorption of N@gas. In this case, the charge transfer behavfectafthe whole concentration of CNTS, giving
rise to a change in conductivity. The obtained ltsshow that the adsorption of M@olecule on the open ends of
armchair (4,4) and zigzag (5,0) nanotubes maydeker than on the surface of these nanotubes.

Considering the orientation of N@n the surface and on the open end of the SWCHdlis stable NQ SWCNTs
complexes obtained={gs. 3. The large difference between these four sitier aptimization, may be interpreted
by the nature of the newly formed bonds between M@h the surface and the open ends of (5,0) zigmad)
armchair (4,4) SWCNTSs.

The lengths of C-C bonds in the pristine nanotubéhe surface and on the open end of armchair éhd)n zigzag
(5,0)SWCNTs, increased when Bl®as adsorbed over these positions on nanotubes.

The calculations of N®adsorption on SWCNTSs indicatieat the geometric structure of the adsorbent desicand

a Mulliken charge transferred from the SWCNTSs t® O, molecule. In addition, itoncludedthat CNTs respond
more quickly and sensitively to N@as on the surface than on the open ends of SWCNTs

By calculation the difference of energy between H@MO and the LUMO (f from DOS plots, it can be
concluded that N@adsorption on the surface and on the open enddgafg (5,0) nanotubes, for the bare
SWCNTSs, gives a semi-conductor, whereas; l[d@sorption on the surface and on the open erdnothair (4,4)
nanotubes gives a conductor. It revealed from DO phat their conduction levels in both complexatsorbed on
the surface and adsorbed on the open end, is dpmtety similar to that of SWCNTSs, while the valenevels is
significantly shifted upwards.

The peak appeared just beneath the Fermi levedateh that after adsorption of Bi@olecule the system becomes
either a semiconductor or a conductor (with smaligy, and so that, a considerable increase in elattric
conductivity is expected comparing with the pristimanotubes. It illustrates that M@an transform its presence
directly to an electrical signal, and thereformdy potentially use in N£sensors.

The studies performed by DFT calculations indi¢htg by adsorption of NQOon the surface and on the open ends
of SWCNTSs, Eymo and Eiomo for whole models decreased.

When NQ adsorbs on the surfaces and on the open ends®fgld (4,4) SWCNTs in stable configuration (N-
side), the gap of energies decreases, therefoeaichl stability of zigzag (5,0) and armchair (4A)/CNTs will be
decreased and hence chemical activity of suchsysi# be increased.

The results of DOS plots show that after adsorptbrNO, on SWCNTs, the HOMO-LUMO energy gap of
nanotube has not considerable change that is aleraeé of the weak interaction between,N@d related to the
SWCNTSs.

The results suggest that both electron transfets dipole moment implies this concept that SWCNTshwi
absorption of N@caused increasing of polarization and this wildd¢o the change of dipole moments.

It can conclude that while NOadsorption on SWCNTSs, the hardness, electroptyiliand electronic chemical
potentials of SWCNTSs decreased, amdthe contrary, softness increased.

Finally, the results of this study also, show tvaen NQ is chemisorbed on the outer surface of SWCNT#ghts
charge transfer to Nxan be occur which may be attributed to high edeetgativity of N and O atoms.
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