4 I % )  Acta Phys. Sin.

Vol. 60, No.10 (2011)

106102

R Fi5 MK E R CO KK

RS BB RHR

kERD H BV

K"

KERY BXE

1) (FHIMIERFEER T 810008)
2) (PUNIIBTE R, ATRRAL A 45 R AR B 52 VU )1 45 T A S0 B0 2, iR 610068 )
3) (LT HERE A EH P2, B 116400)
(2010 4FE 4 H 14 AWE;2011 41 A 16 HUE &SR

ST TRARAE G PR EAT B B IR O T8 5 B2 AR I 25 O BT 2 B AT 3 83 S, DAL, AR SO
P BEZ BT IERS CO SURTEARME &5 71875 (8,0) HABERR 94 K A8 9 W BFHAT S BEAT RS, 3 ae X B2 B4 2 119 L
i (LT ES ISR, CO 23 T7E & IR T B 2R OB AR A S BE 1) 4 Dt 00 B b 1Ay WK A BE 13 KT CO TEAR ik 44
RAGAL BT, A ST T PR LR B R R T SRR A SRR T BB CO U R
FRBURRE , DRI, 62 LT B AR B BR A K AS AT BRI CO A — AT .

LW YK, CO, BT, B
PACS: 61.48. De, 07.05. Tp, 68.35. Dv

1. B =

FARE B 20 K % (single-walled carbon nanotubes,
SWCNT) ' i FH b Ry A LA 4 31 B Bk P
HMTIZRSE. JUHIR RN KA X AR e i Sk
MR 2R 5] T AR 2 N B %R, HAT, & A S
R AR E R AR AR VAR
SRS T LE B 9 ST R, A SR SO A
AR A BB BR , I, B B i i B S R 40 K
R o3 1T 5 B L 25 | R S AR T,
— AR T BRAOKAE Y BRI, IR O B — AR
SBOTHIT A B2 45 AR, JUHEXT RIS
PRERI 25 A 5T B 285 S A AR BR 44 K 8 4
TR A 1% s UL CO X A il a8 AR M A E,
S AL BT SiP B IR IR RN A T LS B
X— B8, A R I & — B AR R
() B, AT O 2 4 Kok A AR o 1 Ak
PG e, A B2 A o A o
THRRENR BN B maKRE. B4,
SIFTFBIMRAPAKE X CO M ZERA T FmIR

« EKARBIESS (S 50042025 ) ¥ B AT IR
A IREER A, E-mail chunyang_2000@ 263. net

(€2011 FE¥IEEFES Chinese Physical Society

e P FATAR B A 46 2z H AT AR B BOE T
SEUS R A B AR IR AT X CO AR Bt
A F A, AT S AN BE SN 81 ) R ) Ay 2
e B T — o R pT e R e .

2. WEFESMEEA

AIGE A LM G R 9B %
PRELIE, SR ] DMol® BEH e it a8, THES AR R
Jay el 3T L ( LDA) 8200 v ) PBE ( perdew burke
and ernzerhof) "' A2 4 AH G pR AR ( exchange-correlation
(x-¢) functional ) 7 35 4y B 7 Ik B K0 UL
BRI AL ( DNP) pRERIF R, AR AL 18 I3
WAFFE) Z R FH Y (8,0) = F A AL i BBE ik 44 K
2 x2 x0. 8520 nm 5 AEAE A R I A A dn
Bl 1 (a) R, H S 64 At 1, 7E Al
Horp i — A S5 H 4 J AU o BRAE Y 42 45
ZRAIBRAAK A (Au B4 SWCNT) , JnfE 1(b) By
NGB (e) AL S 1Y 4 R T 1B AR e 4 oK
BT HUT CO MARNEMRANKE | 4B 440wl
KA A TR, AT BT 5 # o 4

http ://wulixb. iphy. ac. cn

106102-1



4 I % )  Acta Phys. Sin.

Vol. 60, No.10 (2011) 106102

T SRR AR b 17 T L7 1R B ARR 235 LA
0 J5is C T e g KA PR LA T 5

Hrp co srrFotaf B s &k E 1 (K 1 s
M1 CJRT)RIEEE A 0.3 nm.

1 (8,0) - RRBIBRGURAE R OB T BB EONEIET)  (a) WAMERY(8,0) F RIRRIBR IR AT ;
(b) BARY S IH TR (8,0) P UHBACKAE ; (o) AL R BIHTHBIAY (8,0) F S U RAR

3. £X 54t

3.1. Z<{F SWCNT #1 Au 28 SWCNT B9 JL [
MBS

58, 7E CO 73 F IR A, XEAAE A &R T
2RI (8,0) 2 FART 1y SWCNT #E47 T 45 Mttt , 78
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#1 SWCNT,Au #2419 SWCNT, CO—SWCNT, CO-Au-BZ2 1 SWCNT B350

& 25 it K /nm W KYEE E,/eV i/ nm HHLT(Qy )

SWCNT a Cl—C2 0. 1424
C1—C3 0. 1424
Cl—C4 0. 1413

SWCNT-0C al Cl—C2 0. 1424 0.13 0.2922 0. 004
C1—C3 0. 1424
Cl—C4 0. 1414

SWCNT-CO a2 Cl1—C2 0. 1425 0.15 0. 2868 0. 005
C1—C3 0. 1425
Cl—C4 0. 1414
SWCNT-Au b Au—C2 0.2041
Au—C3 0.2042
Au—C4 0. 1931

SWCNT-Au-0C bl Au—C2 0.2077 1. 88 0. 2295 0.17
Au—C3 0.2074
Au—C4 0. 1931

SWCNT-Au-CO b2 Au—C2 0.2118 2.10 0. 1959 0.23
Au—C3 0. 2120
Au—C4 0. 1946

3.3. BFZEESH

N T =BG BARANRAE WM CO 41
LR RO TR 8 T FE BRI 2 (al ) CO SAIE
RIBRAKAE | (b1) 547 4 B F-15 2% 1 e 48 K45 W
T DU A R B AT I3, G P 1 e R
K3 (a), (b)fn, Blse i X R T & I, 2
A E R T R A E S, 128 3 (a)

-2.000%x107"
- 1.500%107!
- 1..000x107!
- 5.000x1072
-0. 000

i CO 5 filk 4l oK B T4 [B] 9 L T %% B2 {H ( field
value) 7€ 1. 000 x 10 =" B 3T, B J5L 75 SWCNT ¥
WEEREEAMES, BIR CO 5 SWCNT [B]JE 511
BB, TAER 3 (b) H CO 5 SWCNT [a] H F
WREAEAE 2. 000 x 10 7 B, KA T A REH B FETE
BOmR A EAE ], T IR R A s . 5
T —EL, B AR ANKAT X CO M o
YRR

- 2.000x107!
- 1. 500%107!
- 1.000x107!
- 5.000x1072
-0. 000

3 mTHEREE  (a) COWMTEAIE SWCNT(Glid ik ,CO LT AIREHTE) ; (b) CO W MITE S R T

BRI SWONT (3842 4 . CO JE R R IfT )

3.4 HBFEZE(DOS)HH
RIS FATTXIAAE | 42 718 i gl K& %) CO

A R R ) 25 5 B A A B AT AR G2 BT, A
4(a), (c) 7Bl A AERR 40 K A& K HW F CO I AY
DOS &, I 4 (b) , (d) 705 8 4 5148 2 i B 94 K

106102- 4



4 I % )  Acta Phys. Sin.

Vol. 60, No.10 (2011)

106102

BRI co iR DOS B, M 4(a), (), T
ITE 1 CO SARME B AT IS , HAR R TE T K BEAL 1Y
255 T O S 0 AR 5 T 4 T 4B 2% i B
KB 4(b), (d) H, AU BE ) 5 e W 5% 45 3]
THOKRESR M Ly, i LSS E N EE AL T B E

AR (AR R A 3 SRR T, TH bl ek e A
ST B AR W CO AR L5 R A A
b, 5T LA E S A CO X AR B URAFTE, (K I
SR TR BRI A BRI CO AR 55T

ST cid

150

(a) SWCNT

120

90 F

60

30

P I R N ' 1

| I T

- (b) SWCNT-Au

TR N T N S S Y S B 1 1 ™1

(¢) SWCNT-CO

B FAEE eV
2

L (d) SWCNT-Au-CO

TN [N TN NN S IS S T S [N e Y N T AT Y'Y

1 3

4 HFEEER
JRF B AR AR B CO B DOS [

AR SCR 3 BEIZ R T IR0 G IR T 18 25 RO i 2
KA CO 70T 1 T 25 BT T AR 5T

+5 —4 -2 0 2 4

e /eV

(a), () 23 B AE B AN KAE SO CO I DOS [ (b) , (d) 205 4

ERR], BT B B GUORE B CO 4y
T, AR TR E R A E S, H LW R
R RK T B, AL Si BRI 0. a8
el B 40 K A B CO ARGy 7 1 i AR IR
RS

[1]  Lijima S 1991 Nature. 354 56

[2]  Kong J,Franklin N R, Zhou C W, Chapline M G, Peng S, Cho
K J, Dai H J 2000 Science. 287 622

[3]  Collins P G, Bradley K, Ishigami M, Zettle A 2000 Science 287
1801

[4] Jhi SH, Louie S G, Cohen M L2000 Phys. Rev. Lett. 851710

[5] ZhaoJJ, Buldam A, Han J, Lu J P 2002 Nanotechnology 13
195

[6] Wang R X, Zhang D J, Sun W Q, Han Z, Liu C B 2007
Journal of Molecular Structure; THEOCHEM 806 93

[7] PengS, Cho K 2003 Nano Leit. 3 513

[8]  Zhang Y M, Zhang D J, Liu C B 2006 J. Phys. Chem. B 110
4671

[9] WuRQ, YangM, Lu Y H, Feng Y P, Huang Z G, Wu Q Y
2008 J. Phys. Chem. C 112 15985

[10] Daniel M C, Astruc D 2004 Chem. Rev. 104 293

[11] Tansil N C, Gao Z 2006 Nanotoday 1 28

[12] Thaxton C S, Georganopoulou D G, Mirkin C A 2006 Clin.
Chim. Acta 363 120

[13] Zhang Z L., Pang D W, Yuan H, Cai R X, Abruna H D 2005
Bioanal. Chem. 381 833

[14] Jiang L, Gao L 2003 Carbon 41 2923

[15] LiuL, Wang T, Li J, Guo Z X, Dai L, Zhang D, Zhu D 2002
Chem. Phys. Lett. 367 747

[16] Ma X, Li X, Lun N, Wen S 2006 Mater. Chem. Phys. 97 351

[17] Zhang Y, Franklin N W, Chen R J, Dai H 2000 Chem. Phys.
Lett. 331 35

106102- 5



4 32 % R Acta Phys. Sin.  Vol. 60, No.10 (2011) 106102

[18] Gao H, Zhu W H, Tang C M, Geng F F,Yao C D,Xu Y L, Yan W S, Xu Y, Wang F 2010 Acta Phy. Sin. 59 1681 (in
Deng K M 2010 Acta Phy. Sin. 59 1707 (in Chinese) [ & Chinese) [ & 5% iK3CfE BREE: o RS IRIAMR RBE
I R4 FERRAME IO KR TR SIFH 2010 ESCU% O BT 0% 2010 HHAEIR 59 1681 ]
B 59 1707 ] [20] Zhao Q, Nardelli M B, Lu W, Bernholc J 2005 Nano. Lett. 5
[19] Cao L, Zhang W H,Cheng T X, Han Y Y, Xu F Q, Zhu J F, 847

A density functional theory study of absorption behavior
of CO on Au-doped single-walled carbon nanotubes”

Zhang Jian-Dong"  Yang Chun”’ Chen Yuan-Tao" Zhang Bian-Xia®  Shao Wen-Ying”
1) (College of Chemistry, Qinghai Normal University, Xining 810008, China)
2) (Visual Computing and Virtual Reality Key Laboratory of Sichuan Province ,Sichuan Normal University, Chendu 610068, China)
3) (Liaoning Yu Cai High School, Zhuanghe 116400 ,China)
(Received 14 April 2010 ; revised manuscript received 16 January 2011)

Abstract

The absorption behaviors of CO on the (8,0) semiconducting intrinsic and gold doped ( Au-doped) single-walled
carbon nanotubes ( SWCNTs) are investigated by the density functional theory because superior sensitivity of carbon
nanotube to many toxic gases becomes a field of growing interest. It is shown that CO molecules can be absorbed to Au
atoms on the wall of Au-doped SWCNT with a bingding energy as high as 2. 1€V, and can attract lager charge transfer
0.23. Compared with the intrinsic SWCNT, the Au-doped SWCNT presents a high sensitivity to CO in terms of the
calculated geometrical structures and electronic properties, Furthermore, the calculated electron densities of two
representative adsorption positions show that Au-doped SWCNT electron clouds overlap more on the top of carbon adsorbed
CO. By comparison with the oxygen absorption on SWCNT, we infer that the molecular CO absorbed on Au-doped SWCNT
can induce significant change in the conductivity of SWCNT. So Au-doped SWCNT is expected to be a potential candidate
for detecting the presence of CO.
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