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Study of single vacancies in single-walled carbon nanotubes
based on a tight-binding model
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Hefei National Laboratory for Physical sciences at Microscale Department of Physics
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Abstract The structural and electronic properties of single vacancies and related point defects in achiral
carbon nanotubes are studied based on a tight-binding model. Our calculations show that the initial single va-
cancy does transform into a 5 — 1DB defect automatically. The local structures and formation energies of such
defects depend strongly on the radius and chirality as well as on the electronic properties of the carbon nano-
tubes. In addition it is found that there exist local electronic states about 0.2eV above the Fermi energy level

caused by the defects.

Key words carbon nanotube single vacancy tight-binding model
910 13—15
1—3
13 14
4—7
3 . Krasheninnikov
3
SW - 1000K
90° 2 2 2000K
5-77-5
5-1DB . Ajayan "
10 10
3
5-1DB
5 _77_5 ® 50121202
2004 -03 -22 2004 -09 -20
= T . E-mail bepan@ uste. edu. en



1 5-1DB

Ajayan "
10 10 3
n n n 0 1 n n
5 5 -1DB n n
-1DB Ajayan " 5-1DB
5-1DB
1 a Cl C2
C2
n 0 1 a
n 0
16
1
Hubbard
1
7.20eV.
7.8eV 7
Hubbard
1
a nn 5-1DB b c
1 n 0 5-1DB-T 5-1DB-P
nn n 0
33 120 60 144 n 0
n . n 9
4 4 160 70 168
n n Cl1 C3
55 200 8 0 192
1b 5-1DB -T tlt
66 240 90 216
n 9 Cl C2
717 280 10 0 240
8 8 320 110 264 -
5-1DB -P perpendicular 1 ¢
99 360 12 0 288
10 10 400 13 0 312
111 440 14 0 336 )
n 9 5-1DB -P
12 12 480 150 360
n 9 5-1DB-T
non
10 10
| a 2 a
1 3
Cl1 C2 C3 . 1 Hubbard  H, =u ¢, —qy 2/2 .q;
C2 C3 Mulliken qo = 4. u
Cl 4
33 2004 12

C3

- 879



E 5-1DB-T >E

5-1DB >E 5-1DB-P . nn
5 -1DB
n 0 5-1DB-T 5-1DB -
P
n 0 n 3
18
n
5-77-5 "
n 0 n
3
n
n 0
n 0
n
nn n 0 r? 2
n 0
n0
5 -1DB
3 _
n 0
C-C n
n n C-C
n n n
0.2eV
0y
- O

- 880-

(a)
-l TELGRR F o i RTERTE
A
o 0 az12)
A/ a2 T
> 6.00 F O '//"
) B (9,0) -
= r", "
a7 ! 'R
& 4 "
5 6.0) :"_/ as)
B s00f o)
©.0)
(3.3)¥ (6.0
4.00 . |
1.00 3.00 500 7.00 9.00
AT /A
7.00
(&)
(12,12)
7
LI B g
600 YN TN amEmakT
§A VSN R
3 A (N S
=2 I/ e B0
= j
= soof [ /o0
5 i
z (6,0) f
% /
(]-‘
400 |
/
¥
(3.3
3.00 . |
1.00 3.00 500 7.00 9.00
R T A
2 a
Hubbard nn
5-1DB n 0 5-1DB-P
n 0 5-1DB-T
b Hubbard
n n
n 0
5-1DB
Hubbard .
Hubbard
3
Krasheninnikov
2 b nn
n 9
n 0



33

T -THAC /A

170 -

1.60

1.50

3,3 v//

(12,12}

(9,9/
5 /
)

’

(12,0}
/\(ﬁ,ﬂ)

6.0)

/' o,
al
oy (15,0)

h ]

1.40
1.00

n 0

3.00 5.00

7.00 92.00

1R A

5-1DB
5-1DB-P

Hubbard

1~150mm

1~50mm

5~200mm

5~200mm

2004

12

Hubbard

1~1000mm;

5~200mm(

R S

[o IR Bie NV |

17
18

20
21
22

lijima S. Nature London 1991 354 56

Wildoer ] M G et al. Nature London 1998 391 59
YuJ Kalia R K Vashista P. Europhys. Lett. 1995 32 43
Zhang P H Lammert P E  Crespi V H. Phys. Rev. Lett.
1998 81 5346

Lu J P. Phys. Rev. Lett. 1997 79 1297

Han J et al. Phys. Rev. B 1998 57 14983

Saito R et al. Appl. Phys. Lett. 1992 60 2204

Crespi VH Cohen M L. Rubio A. Phys. Rev. Lett. 1997
79 2093

Charlier ] -C  Ebbesen T W Lambin Ph. Phys. Rev. B
1996 53 11108

Hansson A Paulsson M Stafstrom S. Phys. Rev. B 2000
62 7639

Choi H J et al. Phys. Rev. Lett. 2000 84 2917 Chico L
et al. Phys. Rev. B 1996 54 2600

Terrones M et al. Science 2000 288 1226

Ajayan P M Ravikumar V  Charlier J -C. Phys. Rev. Lett.
1998 81 1437

Zhu Y et al. Appl. Surf. Sci. 1999 137 83
Krasheninnikov A V et al. Phys. Rev. B 2001 63 245405
Krasheninnikov A V' Nordlund K. J. Vac. Sci. Technol. B
2002 20 728 Krasheninnikov A V. Nordlund K. Surf. Sci
2000 454 519

Tang M S et al. Phys. Rev. B 1996 53 979

Kaxiras E Pandey K C. Phys. Rev. Lett 1988 61 2693
Bulusheva L G et al. J. Phys. Chem. A 1998 102 975
Pan B C Yang W S Yang J L. Phys. Rev. B 2000 62
12652

Blasé X et al. Phys. Rev. Lett 1994 72 1878

White C T Mintmire ] W. Nature London 1998 394 29
Hernandez E et al. Appl. Phys. A 1999 68 287

— R F #HH

SMA

49
B #306
010-88096218 / 88096217
010-88096216
100080
www. goldway . com. cn
optics@goldway . com.cn

sms@goldway . com. cn

881-



