& AT koW ¥ 5 b i
7T

Spectroscopy and Spectral Analysis

a4 M Vol. 27,No. 7,ppl267-1270

July, 2007

MR XS R BB R E R T AR E R F R IER R

woF..HEF, FE2I .Y B, ¥ F’
1. IR RN LA, WIS Kb 410082
2. R KM R RS S TR . IR K9P 410082

B OE VHEEZ RIS 7 SRR EE R UK AT (7, 0O (8, 0) AR B A BE B R A AR B R %)
i Stone-Wales JEAZ . JE S BEE (7, 00— (8. OFFOL T WIREHFEH . WOBOERE . R JExhiHoas it
17 B DR SIAMMNRIES)S . SRR A BB ZS I K A T WA Ak . PR RE AL A [R] i B 1
DL RSBl T7 [l A —B BRAE BRI S S 0 55 EL W S e L S S AR RE IX R AR 2L IR A s 7oL TRER:
2y E=13 eV RS RRAG WSS 0 S S5 33 v 0%t B — 4R AR 0, ELAE 5 L ABR B LUS IR Ak 0 1) 725 BE X 7%
By, SCEXRLRIEAT 7T ar B A SR B 10 5 AT A2 119 16 R R PR BT A e v

s,
KGR CRBERAVKAT s IENGLG s REURAEH RIORIE R
hESES: 0433.1 XAkERIRED: A XEHE: 1000-0593(2007)07-1267-04
PSR . A0 IRV B 4 WA 440 b BB T I L by T 45 #g 1
5 F L FEOCIEARORED AT DX AT H Nk

A 1991 4F Tijima-" & U e 43 B4 ST 2 % LR 240K
ROFI Z 28 IR Y)— R 9K A (CNTs) DL . BUBE i 94 K 45
(SWONT) ARARBI A B 2 o 33 b 25 1 B 3R 2T 4 LA HC
HE—ZESr TE5 M . R IR E P DL 2 e L
FRA L TR I - B RE 2 2R DA< Ji B 28 47 1 ST 2 AR 1
BB AL T I AR A LU AR AR, o
SR B AL D L R 3 A SRR FERR I D 2
AEL S AN B L IS5 110 52 BT 2 0 . HBE gk
AHORAE T TRT PR AT 2 R B2 AT 8 7 U A )l 1) 2 b 18
ARIEA ] 0 FAR R AR KRB G Af SR G 45
fiE o X LEAT MK ' L REPE (A BR AR A TN 1 i 231
Y BARREPERLRL . PO AIBFFE R f i 2 —1

Xt EAE L SE BRI AORE 1 A5 A4 AL RE A9 T 2 22 1)
1 TR . (R SEEe R B, WA el 25 LA AT STM
A ATM X AT 148 70 BT i 1 R AN L f) 2377 2 — 2
BB FERIA SRR AT B R D BRATRE AL
G AR A, A ATl G 2 AR AR A T . T RE 2L Stone-
Wales @ B3 19 7 43X — 3l i X5 2 W e 3l 4+ 31k
S PRI BT MBI X BBE ARG 11 L A PR RE 11 5
Wi R ARAT TSR - EAh . AR AP RE DL 7 1 R 2 U

s BH: 2006-05-10, f&iTHHA: 2006-08-20
B2 : HEARBARETH (50372018) ¥ B
EE RN

J7 s A, 1982 44, WIS BT IR I L s A

B B KA B2 i AT HR

ASCE TEBT 2 T R R HORE B 49 K AT (s SWCNT) 1
Stone-Wales S F1 57 525 X0 H i 25 ADE 2O 6Ig 2
TR TR FSERI R REZ5 ) . BOEIE R SHOERE . IRt
A RBEAT T 0T IEIE. O 5 R B A 6 6 R A ek e A 1o
PRt .

IO I iR R

Tl RE AR 4N B2 0. 54 F1 0. 62 nm Y s-SWCNT
(7, OFIC8, OMHBIFEXTS, H# T Stone-Wales HFEHE 1R
SRR AR TR K (T, 0)-(8, 0) JEJER SERLE AL, & 1
() FIE T4 H T FARERA (7, OF(8, OWLEH. (N
EEAGIT IR Stone-Wales SRFE A (7, 0) BRAE, BRFEER 5
A AT T A — A - B O e R 90 TR (DD
& AR GG T FRPERY Stone-Wales(8, OB » Bl fEH /2
TR S R — BT B Se L UL TR 90° T A s (e
HEIA—AS 5T GREGRTE - R R SR (S (7, 0)-
(8, O FRAEMKE . HrhREIR T A . FELUT e,
S ANCEAR T, O MBI A, B8, OfRE AT B,
4 Stone-Wales B (7, O BRE A C, 7 Stone-Wales

* SR A

e-mail: guf68@yahoo. com. cn



1268 i 5k AT 5214
BREAR (8, OVBRE MR D, DL 5~7 SEaXT(5/ D #EHEM (7, 3 7
0)-(8, OV BAF WM E, %/% %7 ==
N7/ | 2N
N7 N7/ é§
! \[/ &/ ~——+
5 (© (@ &%
&0
: VAAN N
! V| E=E= Y|\ ==
e N —
/\// \ , &ﬁ / @

Fig. 1 Calculated model sketch map of carbon nanotube
(a): Perfect(7,0) named model A; (b): Perfect(8,0) named model
B; (¢): (7,0) carbon nanotube with Stone-Wales defect named model
C; (d: (8,0) carbon nanotube with Stone-Wales defect named model

D; (e): (7,0)-(8,0) heterojunction carbon nanotube named model E
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R
2 Energy band structure of calculated model

(a): Energy band structure of model A; (b): Energy band structure

of model B;

(¢): Energy band structure of model C; (d): Energy

band structure of model D; (e): Energy band structure of model E
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Fig.3 Absorption spectra of perfect and

defect-contained carbon nanotube

(a): Absorpton spectra of model A; (b): Absorption spectra of mod-

el B; (c¢): Absorption spectra of model C with Stone-Wales defect;

(d): Absorption spectra of model D with Stone-Wales defect; (e):

Absorption

corresponds

spectra of model E with heterojunction. The solid line

to optical absorption of incidence light vertical to nano-

tubes axis, and the dashed line to incidence light parallel to nanotubes

axis
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Fig. 4 Reflectivity of calculated model

(a): The reflectivity of model A; (b): Reflectivity of model B; (¢):
Reflectivity of model C with Stone-Wales defect; (d): The reflectivity
of model D with Stone-Wales defect; (e): Reflectivity of model E

with heterojunction. The solid line corresponds to optical reflection of
incidence light vertical to nanotubes axis, and the dashed line to inci-

dence light parallel to nanotubes axis

AR L TRERZN E=12.8 eV 4b, BRI A I
B AF B S, AR B G B S Y BRAE ' T REREZY D 13. 1
eV AL, MR CAEXETRERZI N 13. 0 eV AL — S, L
T D FHRL I B BRAE 13,3 eV AR E FE56 T RE R 2908
13.2 eV AL Bl— S . SIRIGELAIS N, 5IABREE)S .
TEOLTRER LN 13.0 eV Kb iy B e o o i BE X R 2R T %
gy A8 H BUZ A (EL S SIS e B A ) S S5 2 A i vl



1270 JeikeE S T 21 %

NE. s A X B A EA T A R 1 5K UL TR R

WL BT RE . TESIABRIE G . BRI S RBORRELSL . (IR 8. ELAR R Y RELGL ) JF K iR
JCTE IR MATE — S R s HOS AR AL, SR R, BB R BN 2R, AT el A8 T AR B vl T 4 M sl e o i
A B A VRN, R, OB PEREAR A TR SOGTE RIS R BHAT b, BFSER M. 7 BRAEAS P g | AR

%, DR, mTRAED, SRBE IS IAA R TR B . Bea I » BT A MR A WA R 5 S e PP ik /0> D (AL D/, HLAE
3 M 4k RBEC R A LLRE NG . TERBRE 2T 13 eV A 34 H SAH LAY I
e W, ST . BRAE AR DEIROORT SR PR RE DRSS . ROR B 4K

ATCR Iz EE T T2 AR BRBERRGOR AT B LR T SR L R MR ) 5 LA 2 R G R PR 3
RECIRDLFIG LA SR A8 00 B B RET 454 . MOBOBIE ARSI IR ESTRIGR . JRAEAKOL A F P AR 2

2 % x #

[ 1] TjimaS. Nature, 1991, 354; 56.

[ 2] Tjima S. Nature, 1993, 363: 603.

[37] Bethume D S. Nature, 1993, 363; 605.

[47] Hamada N, Sawada S, Oshiyma A. Phys. Rev. Lett., 1992, 68. 1579.

[ 57 Dresslhaus M S, Dresslhaus G, Saito R. Phys. Rev. B, 1992, 45. 6234.

[ 6] Jorio A, etal. Phys. Rev. Lett. , 2000, 85;: 2617.

[ 771 Bachilo SM, et al. Science, 2002, 298; 2361.

[871 Yoichi Murakami, et al. Phy. Rev. Lett. , 2005, 94; 087402.

[97] SUN Wen-xius HUANG Zhi-peng, ZHANG Lu, et al (Fh3CF, @& MY, 5k %, %), Spectroscopy and Spectral Analysis(GGih2g 561k
SMHE) . 2005, 25(1): 10

[10] Baughman R H, Zakhidov A A, De Here W A. Science, 2002, 297, 787.

[11] Meunier V, Lambin P H. Carbon, 2000, 38; 1729.

[12] Buongiomo M. Carbon, 2000, 38; 1703.

[13] LIN Liang-wu, TANG Yuan-hong, ZHANG Wei(#k B, Focik, 5k fF). Spectroscopy and Spectral Analysis GtiE2% 5 563E 0871 »
2006, 26(3): 571.

[14] ZHANG Dong-ping, LE De-fen, HU Yi-guan (7K A, SRS, #—). Spectroscopy and Spectral Analysis Qi 2% 56150 #71)
2002, 22(2). 251.

[15] Segall M D. Lindan P J D, et al. J. Phys. Cond. Matt. . 2002, 14. 2717.

[16] Machon M, et al. Phy. Rev. B., 2002, 66; 155410.

[17] Freitag M, et al. Nano Lett. , 2003, 3(8); 1067.

Effects of Topological Defects on the Electronic Structure and Optical
Spectrum of Single-Wall Carbon Nanotubes

XIE Fang', HU Hui-fang'" , WEI Jian-wei' , ZENG Hui' » PENG Ping?
1. Department of Applied Physics, Hunan University, Changsha 410082, China
2. College of Materials Science and Engineering, Hunan University, Changsha 410082, China

Abstract The energy band structures, optical absorption spectra and reflectivity of the semiconducting single-wall carbon nano-
tubes (7,0) and (8,0), with symmetrical Stone-Wales defects on (7,0) and symmetrical Stone-Wales defects on (8,0) and (7,
0)-(8,0) SWCNT heterojunction were studied using the density functional theory. and the results were compared. It is shown
that the energy band structures have changed obviously, and according to different kind of defects the Fermi energy levels were
shifted in different direction. The absorption and reflectivity weakened obviously and red shift of absorption peak and reflectivity
peak have occurred in the lower energy region, when the carbon nanotube contained topological defects compared to perfect sin-
gle-wall carbon nanotubes. There was a distinct peak in the five carbon nanotubes at the photon energy of about E=13 eV, and
the peak shifted to high energy region when the nanotube contained defects. The results were analyzed and discussed theoretical-

ly. The authors can take advantage of the photoelectricity property created by topological defect to design photoelectricity device.
Keywords Single-wall carbon nanotube; Topological defects; Energy band structure; Absorption spectra; Reflectivity
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