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ABSTRACT
In this tesearch, CO o molecudes were approached to single-wall carbon nanotube (SWNT) and (6.0} CNT
surface from carhon side and oxygen side in three states (top, bridge, centre) and two shapes (verucal.
horizomiad), then adsorption emergies were caleulated by BILYP/63IG | BILYP/3-21G** aad HF/3-21G**
methods afler that they were compared 1o arder to obtain the must stabe adsorption state. DFT and HE methads
were compared and the betler method was selected. Alse two hasis sets were compared, Besides, the bond
length of gas molecule was changed by GAUSSIAN 03 program and was calculated by BILYP with the hasis
set of 3-21G** fur the nanolube and pas maolecules. Next CO, NG Hy, C0; moleeules were passed throogh the
nanotube with differenl intervals and the adsorptioa energies for SWNT amd NO. CO, Hy and CO0; muleeubes
wete compared and shen calcufated using B3LY P /6-31G So the same process was repeated far CD molecules
using basis scl 3-21G** and adsorption energies va the nside and outside surface of the nanolube were

compared.

Keywords: NO adsorption: Cufl1 1} surface, DFT. $lab methpd

INTRODUCTION

Carbon nanotube (CNT) 15 & nepresentative nanomatenal.
CNT is a cylindricaily shaped carbon structure, whch is
in the form of a hexagonal mesh, resembies a graphite
sheet and it cami es a carbon atom located on the vertex nf
each mesh. The sheel is rolied and its two edges are
cotinected seamiessly  Although it is a commoaplace
marerial that is used in pencd leads. 1S unique structure
causes 1t to present charactensties that e not found with
any other materials, ONT can be classified into simgle-
wall CNT, double-wall CNT and multi-wall CNT
according to the number of lyvers of the rolled graphite.
The type attracting most attentton is the single-wall CNT,
which has a diamteter descrving the name of "nanotube”
of 0.4 to 2 nanometres. The length is usually in the
otder of microns. but single-wall CNT wih a length in
the order of contimetres has reeently been released.
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The extremities of the CNT are usually elosed
with lids of the yraphite sheet. The lids consist of
hexagonal crystalline structures {s1x-membered
ring struetures) and 3 total of six pentagonal
structures (hve-membered noe strucures) placed
here and there in the hexagonal structure. The first
repart by [jima [1] was on the multiwall foerm,
coaxial carbon cylinders with a few tens of nana
meters 1 outer hameler. Afierwards, single
walled nanotubes were reported [2, 3| They are
typically between | and 1.5 nm in diamecter. but
several microns in length, The discovery of
carbon nanotbes (CNTSY which are nano-sized
materials with excellent mechanieal apd clectrical
properties and have been proposed to be used ina
variety of application fields [4]. CWTs gre a new
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allotrope of carbon orniginated from fullerene
family, which will revolutionarics the funure
nangtechnolegical devices [5]. There are two
types of CNTs: single-walled nanotubes (SWNTs)
and malt-walled nanotubes (MWNTs) [6]: that
they have three cynformations: armchair {n, n),
Zigzag {n, 1) and chiral (n, m) these conformations
have individual properics [7]. SWCNTs have
been considered as the leading candidate for
nanodevice applicatinns because of their ope-
dimensinnal electronic bond strueture, molceular
sizc, and biocompatibility, controllable property
of cunductiog electrical curremt and toversible
response to biclogical rcagents hence SWONTs
make possible bonding io polymers and biological
systems such as DNA and carbohydrates [8]. In
the recemt weats, carbon namotubes have been
intensively studied due to their importance as
building blocks in nanotechnology [9-11]. They
oot only have owstanding mechanical and
clectronic  characteristics  but  also  hold
considemble promise as molecular contatners with
applications such as hydrogen fuel cells. [12,13]
nanoelectronic  devices, chemical pmbes, and
hrosensors [14-17). The key cletnent that makes
nanctubes potentially wsciul as electrochemical
storages is their structures [18]. Recent stidies
bave shown that the physical preperties of single-
wall cartbon nanotubes (SWNTs) could be
modilied by adsorption of foreign atoms or
molccules [(9-21] (Gas adsorpton on earboo
nanntubcs ts an important issue for both the
fundamental rescarch and technical applicatioas of
nanctubes  Though single-wall carbon nanotubes
(SWNTs} have different electronic properties
depending un their chirality and diameters, [22] it
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is difficult 1o selectively synthesize SWNTSs that
have appropriate cleetronic properties for each
applicatiun. A practical method to pvercome these
difficulties can be, fur cxample to synthesize
SWNTs and then remove undesired typés by and
cteching method,[23] vr o modify syhthesized
SWNTs by hydrogenativn and fluorination, [24-
26] wo provide desired electronic propertics.

|

COMPUTATIONAL AND RESULTS
in this smdy at first SWNT (6. 0) and CO, NO,
COy, H: mulecules were separately optimized
using GAUSSIAN 03 propram anid the moleculcs
were passed throngh the nanptube with different
intervals (Fig.1) and the adsorption epergies for
SWNT. NG, CO. H. and CO- molecuies were
comparcd and  then calculated | using
B3LYF/6-31G (Fig. 3). So the same pmceqs Was
repeated for CO molecules using hasis set
3-21G** (Fig. 4). In this research COQ gas
melecules were approached to single-wall carhon
panntube (SWNT); and {6. 0)CNT surface in
threc states {top, bridge. centre) and two shapes
(vertical, honzontal) (Fig.2), Next. adsorption
cnergies were calculated by BILYP/6-31G und
BILYP/3-280G** and HF/3-21G++ methods and
were eomparcd in order te obtain the must stable
adsorption state (Fig. 5-10), Beaadea the hond
length of gas molccule was changed hy
UGAUSSIAN 03 program and was caleulated hy
B3LYP with the hasis sct of 3:21G** for the
nanotub, gas molceules (Fig.11) and 1ts effect on
adsorption cnergy was investigated by the means
of the Equatmn {1 1

-u-:l |c| {CG + CNT} E-lm fCO E'bnr_ F‘H’T} {'l}
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Fig. 2. Adsorption surtace nanotube (&, () - C0.

Tablel.Adsorption energy (keal/mul) of gases invide the SWNT (BILYP/6-310)

L

R{i} E u(NO) | E 4(CO2) | E ,4(CO) E 4(H2)
03 31.126%2 71.62724 113235 26.339494
I 710621 9591714 1118826 2044607
1.5 B2.04382 102.5021 106043 ] 2441414
2 faa0134 7044692 1059189 2036255
25 5815183 134,746 1128766 21.6T8R3
3 84.73551 1700293 199,523 2345231
33 B4, 85034 1608352 BO.5551 229232
4 67.52718 1 28,6306 9318375 2379202
4.5 65,439 123.6550 101 5703 2161843
3 6459 151.703] 112 5035 2323382
i3 &67.03018 13807535 1041794 24 10333
b 75663521 1325073 91 38219 2273684
6.3 7113026 1198343 0373077 2099741
7 7547884 1491343 11314872 22 30194
1.3 5349204 1613043 1061674 24 183635
A 67.80030 1412666 | 92 36253 198413
B3 6303434 120 3004 0203524 23.70202
9 5541344 133 8438 L11.3456 245
113
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Fig. 3. Adsorplion enerey of pases inside the SWNT vs, distance {(B3LYP/MH-310).
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Table 2. Adsorpuon energy (keal'mol) of CO pas inside the SWINT (BILYPS3-210G%*)

R(C=0)A)| R(A) | ECO | ECNT [ Fad{C0O)
1,15 0.5 | -9994.6 | -141671 | 77591
1.15 1 -9994.6 | -141671 | 93.99134
115 L5 | -9994.6 | -141671 | 72.68333
1.15 2 -9994,6 | -141671 | 76.28643
113 2.5 | 9994.6 | -141671 | 82.93354
113 3 -9994,6 | -141671 | 7523035
115 3.5 | -9994.6 § -141671 | 63.67556
LIS 4 -9994.6 | -141671 | 66.28471
e 45 | -9994,6 | -141671 | 78.02548
115 5 -9994,6 | -141671 | 814426
115 55 | 99946 | -141671 | 67.15442
115 6 -9994,6 | 141671 | 783.8617
1.15 6.5 | -9994.6 | -141671 | 76.53422
1.15 7 -9904.6 | -141671 | B2.80020
1.15 7.5 | -99946 | 141671 | 69.04094
115 3 -9904,5 | -141671 | 6330283
1.15 8.5 | -9994,6 | -E4i671 | B7.65485
1.15 9 -99%4.6 | -E41671 | B7.64569
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Fig. 4. Adsarption energy of CO gas inside the SWNT vs. distunce (BILY P3-21G*¥),
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Tuble 3. Adsorption energy (kealmol) of CO on the surface of SWNT (BILYP/6-31 G) fra

m oxygen side

R | Ew E o hrl'i:dzea BRIDGE. Conmee ci;:e-
TOP-v | TOP-H | "7 ” $ !
0.7 [ 1233.813 | 295.4546 | 25.03537 | 1235.554 | 4154753 | 1445784
1 [435.9136 [ 6917962 | 3211733 | 2267.849 | 260.7281 | 6053838
125 [ 2267471 | 2775012 | 285.6695 | 320.0551 | 154.4987 | 306,823
L5 | 1432545 | 1701535 | 134.5573 | 193.5116 | §7.34424 | 1733157
1.75 | 8038652 | 116,107 | 7616219 | 114.616 | 47.95857 | 1018809 |
2 13547195 | 64.29679 | 40.19326 | 61.87401 | 26.52631 | 5698421
215 | 1727006 | 323037 | 20.68679 | 593263 | 143503 | 3186155
25 16274373 [ 1397756 | 13.04577 | 52,2586 | 969111 | 17.3943
275 | 1180328 | 646074 | 9.132008 | 54.12693 | 1085781 | 1078719
3 |-024849 | 24849 | 74347 | 64.2536 | 6274373 | 72M6a1
325 | -0.86972 | 149094 | 670923 | 67.24563 | 7.019843 | 5.96376
35 |-1.85608 | -0.0269 | 6150128 | 5932415 | 5.777393 | 5.258413 |}
395 | -1.05618 | 0.49698 | 621225 | 78.25463 | 5.663425 | 5.21829 | |
4 [-110821 [ 00124245 | 372735 | 61.24563 | 7.11256 | 5.204658
425 [ 068335 [0.125236 | 483251 | 60.3541 | 626456 | 52189 |
£, (TOP-V) .
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rhon side

L
r

]
E E E . E . E Ela 1
rR(A) | R(C=0)(A) v | Tor hriﬂgea BRIRGE- Cez;fre— Eellq_ltr& :
1.5 1.15 1363092 | 1847.461 | 441.6189 | 1640.834 | 3555897 | 1422.295°
| 1.IS | 3839171 | 5787953 | 1549956 | 636.6314 | 201891 | 629.9222
15 1.15 £30.9542 | 2317149 | 9622775 | 352.2346 | 142.9439 3432;!?23:
2 1.15 869715 | 1M | 9848971 | 2094771 [ 90.20187 | 212.2105)
25 LIS | 7622431 [ 99.1471 [ 68.33475 | 125.1147 | G0LAS0US | 123 43741
3 115 | 5622086 | 54.35719 | 47.83433 | 67.83777 | 35.90681 | 69.08821"
35 115 |3044003 [ 2814149 | 24.04141 | 3155833 | 23.60655 | 37.2735 1
4 1.15 143503 | 13.85332 | 18.07765 | 23.1717 | 1484728 21.3'{014:
4.5 LIS | 4659188 | 646074 | 1154875 | 1136842 | 11.43854 | 13.60483 |
5 1.15 1428818 | 4037963 | 1155479 | 7.8%9558 | 5.635020 | 9.38049%
55 LIS | 0.559103 | 2547003 [ 9.007763 | 223641 | 828817 | 74547
ﬁ 1.15 0.993% | 6.95772 | 8510783 | 5.96376 | 7.765313 s.mqﬂn:é
65 L.15 043486 | 223641 | 8.138048 | 6.274373 | 6584985 | 1516823 |.,
7 115 (15688 | 25638 | RIKLT | 595647 | 7641368 | 7.54326
7.5 1.15 04256 | 2.3365% | 821546 | 589654 | 7.765313 | 7.6584
I
o
| ;
| |
; |l
— Rl ‘;
- £3d TOP-Y
~ngpme E2dTORH
] ——Eadbridgev |7 |
tns Ead BRIDGE-H
% =o@nm [ PALEE-iY [
E == Centre-H [

Fig, &, Adsorptiun energy v distance (B3LYD#6-3 1€} from carbon sicc,
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Table 5. Adsorplion energy (kealfmal) of CO on the surface of SWNT (BILYP/3-21G**) from oxygen side

R4 E a E BEI:IM BEI:;d cE“1 n‘.:EMI
(A} : . ridge- ridme- entre- entre-
TOP-H | TOP-¥ " v H v
0.7 2401035 1 1516.224 | 1454.039 | 490.6158 | 1812.61 | 481.9464
I f48.9316 | 401.3735 | S8AB27I | 316.6384 | 5897189 | 247.113)
1.25 2644535 | 19071 | 3123519 [ 121.8843 | 295,144 | 1440.7696
1.5 160.2761 | FEt4.119 | 1809007 | £5.41499 | 1628852 | 75.1061
1.75 104.7385 | 6094217 | 125021 | 32.05521 | 9069883 | 37.90991
2 5528003 | 29.01121 | 5267988 | 15.71699 | 47.02673 | 18.63675
.23 2534598 | 13.85332 | 254081 | R.263293 | 2366867 | 9.225623
2.3 10.43658 | 5.71527 | 1248662 | 5156108 | 1105781 | 4.9698
278 303105 | 1118205 | 9113241 | 4037963 | 6.336495 | 3.29149)
3 0,74347 | 0421225 | 3.72735 | 3.789473 | 3.913718 | 1.795513
3.25 -0.37274 | -0.37274 | 3.TR947) | SRSI5YS | 2919758 | 2857615
35 -0.7453 | -0.3727% | 3168248 | 397584 | 2609145 | 2.79551)
375 0.74547 | -0.37274 | 3416738 | 4037963 | 24849 | 1.796513
4 068335 | 037273 | 3.47886 | 4037963 | 2.6TEI6R | 2.798043
4,15 0.62123 | -0,37274 | Y4875 | 4047855 | 1174288 | 2.846532
E.q(TOP-H)
3000 vmrmeers aam
! ==l TOPH
500 : E 3 3 _ _5
| ——Ead TOR-Y
I

ii9
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Table 6. Adsorption energy (kcalimol) of CO un the surface of SWNT (B3LYP/3-21G™*) from carbon side

E{i] LA E.u Eu Eu Eu E .
! TOP-V TOP-H | Bridge-H | Bridpe-V' | Centre-H | Centre-¥

0.7 1052.355 | 1509.515 | 1623.758 | 427.7755 | 1415587 | 35B.0741
1 188.4348 | 604638} | 6269403 | 1441242 | 427.8721 | 1959344
L.25 102.0673 | 3069473 | 3445035 | 5148501 | 3344075 | 132383
L5 69.8256% | 1669853 | 207.2407 | 7700402 | 1973632 | T7.RI4G
1,75 61.12854 | 8B.21395 | 118.9825 | 58594 FLL6%63 | 4994549
2 JER265 | 4342363 | 6131491 | 3540983 | 5566170 | 16.58843
2.25 L3704 | 19044434 | M0.75064 | 1789128 | 30.12941 | L4.BR973
15 L8.A8507 | 7765313 | 1565487 | 1236238 | E5.34426 | 9.44262
175 5053148 | 5653148 | 919413 | B572985 1 R44860 | V.BRI9G6S
3 323837 | 3789473 | 621225 | 5771393 | 571527 | 5.528003
3,25 2360655 | 3.292493 | 596376 5.71527 4.70615 5.11R1%
35 LBHESSY | 3108248 | 447282 | 5591825 | 4286453 | 4907678
178 1671308 | 2.5347823 | S.4040658 | 571517 422433 | 4907678
4 LAISI85 [ 4037963 | 521819 71517 | 4.659188 | 4.845555
4.25 [553063 | 4562208 | S4AB4658 | 5341535 | 4.534943 | 4835555
4.5 L6L5185 | 4534943 | 521819 46678 | 4907678 | 4.844435

1800 -

1500 I

1400 i

1300 ' —t—Ead TOP-Y

om0 | ~W=Eid TOP-H

00 :_ i—Ead Bridge-H
=t Eof Brridge-Y

watea Egef Cepitre-H

440G
i wol—Ead Centre-Y

-Fig. 8. Adsurption ene}gy-'.fa. Lﬁhlal‘li.’l..'_(H_E LYP3-210%) from carbon side.
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Table 7. Adsomption energy {(keal/mol) of CO on the surface of SWNT (HE/3-21G**) from oxyeen side

14E0

R(‘i} E . Eadl Fad _Ead [ E
TOP-H TOP-Y | Bridve-H Bridge-V | Centre-H | Centre-¥
b7 1632068 | 1118.84% | 8598281 | 21B.278 | 1244.338 | 4859555
[ 361.6583 | 3901559 | 4754856 | 3154267 | 543.843 IR1L148
1.25 256.0849 | 1930107 | 1959918 | 1977082 | 286.05E9 144.B387
1.5 189.714 | 1152134 | 183.2356 | 138.5042 | 164.5826 | 82.4¥676
L.75 121.58 | 640124 | 1067246 | 39.59588 | (U5.1BS | 47.91716
2 6953814 | 33107342 | 56.86852 | 26.63926 | 56.1825% | 37.83%13
125 4B.71283 | 14.35281 | 35.79825 | 20.49603 | 34.57907 | 20.32849
25 16.52756 | 1144874 | 24.85(37 | 16.475B1 | 23.5118 | 17.14518
275 1932324 | 3.2950B3 19.044 | 15.19B52 | 18.03874 | 14.74374
3 15.46976 | BRITTI3 | 1580484 | 1474374 | 1597239 14.68789
325 1452835 | (L67B17 | 13.8501% | 1468789 15.749 | 1474374
35 13.4B34 | B.390Y33 | 14.52035 | 1385018 | 1452035 | 1450035
3.5 1401772 | 0211695 | 145762 | 1538222 | 14.63205 | 14.68789
4 14,0177 | 0167543 | 14.63205 | 14.74374 | 14.65739 | 14.69258
4.25 14.0773 | BI6S435S | 1464325 | 1473562 | 1463285 | 1 4.69365
|
1800 - - S | RE
16B0 i e
1400 -~|f~— - S — N
1260 !. ~d—Ead TOPH I

8BE

600
4B0
B0

=®—Ead TOPR-Y

——£ad Bridpe-H

~eserer Ealf Bridge-y

i £ 2 Cieritra-H

el E2el Conbre-y

Fig. 9 Adsomtion energy vs. distance (HE/3-21G**) from oxipen side,
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Table 8. Adsorption energy (keal‘mol) of CO on the surface of SWNT (HF/3-21G™) from carbon side

Rii)

E ad
TOP-V

E ad
TOP-H

E
Bridge-
H

E .
Bridge-
v

E ad
Centre-
H

E .
Centre-¥

8.7

991.4848

1604.554

963.284

334497

1148.727

J10.3446

293.14335

373.5889

488.1872

158.3833

534.4086

21037733

L25

123.5347

265.834

2914123

1177265

2991335

139.6188

L3

93.8238

166.3139

1821745

182907y

134,6877

89.74693

1.75

7773912

185.4401

107.3947

81.36981

110.6339

36.20428

4769377

61.65564

61.87903

53.33436

62.43751

359657

223

2485214

597103

3752052

3473715

3758537

245079

2.3

11.89552

46121

24.62875

25.08985

2591324

19.37988

275

3826275

18.09439

18.48552

19,15569

19.11417

16.30747

-B.05383

15.58143

1641917

16.6984

1591654

15.5250%

25

1.34834

1441772

14.5H135

13.52361

14.24111

1479939

35

2,339

13.79433

1418527

14,96713

14.296946

1558145

CNE

(1. 72602

12.67738

14.68789

13.79433

14,18327

14.6878Y

-8.7152

13.68264

103311

14.5762

14.74374

14.32033

irc0

1200

200

Tig.

1600 +
1400 -+

1000 -
60D -
600 -
400 -

—p=—rfad TOPY
=a=fad TOMH
g~ Ead Eridge-H

——Fad Eridgs-V

——Ead Centre-H

——Ead Centre ¥ |

19. Adsorption energy vs distance (HE/3-21G**) from eatbon side.
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Tabte 9. Adsorption energy (kcal/mol) of CC en the surface of SWNT (BILYP/3-21G**) from change bond

length L
u d |

R&) | Re=O)y | o0 ol
3,75 L15 -0.74547 .
375 1.25 7019843 ‘ |
375 135 | 308127 |
3.75 1.45 57.89817 i:
3.75 1.55 86.10179 , '
175 1.65 113.622) '
375 175 139.465 I‘ |
3.75 .85 163.7549 '
375 1.95 1855084 |
375 2 286.7437 I
3.75 2,25 224.8759 f
375 2.3 240.1656 [
.75 2.75 255.3856 i
3.75 3 267.0025
375 1,25 778.3088
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Fig. 11, Adsorption energy vs, distance {B3LY P/6-31G) fram change hond lengih
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CONCLUSION

After passing CO, NO. 0., H; through
nanotube with different intervals the conclusion
was that all the calculated adsorption energies of
these molecules were positive {Tablel), this
means that the adsorption of the CO, NO. H.,
CO- molecules 1s cndnthermic for the tube. The
adsnrptinn energy of H; moleculc is lower than
CO, €0y NO mblecules and desorption encrgy
nf CO molecule is the highest ong. Also by
comparing two basts sets (3-21G™*, 6-310G) for
CO gas, o trned out that with 8-310 desorption
energy is higher (Table L. 2). C{) gas molecules
were approached single-wall carbhn nanntuhe
{SWNT) and (6.0) CNT surface in three states
{top. bridge, center) and two shapes (verhcal,
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