56 8 2007 8
1000-3290/2007/56 08 /4810-07

ACTA PHYSICA SINICA

Vol.56 No.8 August 2007
©2007 Chin. Phys. Soc.

2006 5

NOSiPS
0.678  0.704 nm
948 804 GPa. 10%
Si N . C

PACC 6146 6220

90 Tijima '

10
Treacy

11

. Wong

12
.Gao

* Y0103
T . E-mail ymcheng @ staff. shu. edu. cn

12

17 2007

55

200072
410076

55 90
90

13 14

15 16

05C265



8 4811
NOSiPS
5 55 90
5 Si
Ceo
Si 7 18 4
Si
19—21
z Si
5
. 0.678
0.704 nm 55 90
948 804 GPa.
10%
S; .20 80
N C embedded atom method Finnis-
C Sinclair # effectual medium
theory * Glue
DFT
LDA
van der Waals
Tersoff-Brenner 7B
2.
. Tersoff 7 Brenner * i J
2.1.
E, =ZZ V. r, =BV, r;
ioj o> 4
Hamilton Hamilton B, = 1 B, + B,
ry Bij V,
Vﬂ
Dy
N Viry =f; 1y 5 - 1P — v 28;8; T - 19
U Hamilton ’
Veorg =V S
5
dp, oH
E:_aqi 1 DS Br fir
d‘]i _ oH ) |
de _api Dl r< Rl]
= Rl
q; Pi H fyrz[% 1+cos(n§ yl)] R; <r<RL~}
Hamilton E| R; - R;
N 2 % r > Rz
_ Pi i
H = 2 5+ U 3 .



4812

5, 3.
o 1 n n conj
By == By + By +F; N° N7 Ny”
NI =N e NS
3.1.
7
Niimp NL'C i 1
Nin i xy
e i J B )
: .
Tersoff-Brenner
a = b = 10 nm.
90
2.2. .
2
DFT % ¢
N
nr = ) | (/) |2
J 8 C
Jn rdr =N
N
e Bohr ay =0.0529 nm
ela, ¢
—%VZ+V+VH+VXC ¢ = Ed 9
Ve
nr Ve
29 N// m
me r,
N” N
- Zm
Vor = ;V = Z Tro—r]
; 10
nrdr
VH r —j | "1 _r | 1
N7 7 7. N 3.2
IJ‘ nrnnoa.g 11 : ! V
-5 lrl_rlrlr- 90 Y
11

U . 55



4813

%7 0. 678 o ——»|

|-— 0. 704 nm —"l

948 GPa.
0.45 TPa

Y=0.94 TPa

30

1

0.92nmm 3
10%

3.3.

(a}

(b}

20 nm

1.95 nm

Si

PO we e e, .
’\ \v‘v\v\
s 8501 N M
& .\:ih‘\o
= L —=—3Si .\:\Q
—e— BN ~~m by
1B0F —A— 5P S =t
—v— %0 "
L —e— S \.\.
650 L— . ' ' ' '
0.00 0. 04 0.08
E/%
3 55 Y
3
850
L \g;.:::—o—o ° *—eo—o—©
vy,
BOF W 2 T,
g T
5 X
g — S N
ss0f e \\
—e— BN .\. &’\
| —a—p \.\. ‘\E
—v— 0 e n
ssof e B8 T
0.00 0.08
4 90
3
90 55
55
5 LDA
55
5 N
o
T
LT
o .0 o
T
C
o T
x C St PS



56

4814

.51 P S

Si

Si

Si

298 K

55



8 4815
NOSiPS 5
Si
18 N
—u—10. 0%
L —o—8.3% C
—A—6.7%
—v—5.0% C
14r —e—3.3%
- ——1.T%
St - RBR
E ><\><—><—x—><——><—><‘><,—-><——><—><
@2 10 -
E L Pttt —gig—t=a—t e
vy VY
6l A A
L DFT
2 1 1 1 1 1 N
0 2000 4000
N o T
B T/ £5
C
Si 55 Ep [} T
T =298K T C
o T
4. "
o o T
55 90
948 804 GPa c
10%
1 Tijima S 1991 Nature 354 56 14 TangYH Lin LW Guo C 2006 Acta Phys. Sin. 55 4197 in
2 Treacy M M J Ebbesen T W Gibson ] M 1996 Nature 381 678 Chinese 2006 55 4197
3 Walters D A Ericson L M Casavant M'J Liu J Colbert D T 15 Liu H Chen J W 2003 Acta Phys. Sin. 52 664 in Chinese
Smith K A Smalley R E 1999 Appl. Phys. Lett. 74 3803 2003 52 664
4 ChenMJ LiangY C LiHZ LiD2006 Chin. Phys. 152676 16 Orlikowski D Nardelli M B Bernhole J Roland C 2000 Phys.
5 Li GW Cheng BL. Shen H Chen Y J Zhou Y L. Chen Z H Rev. B 61 14194
Yang G 22006 Chin. Phys.15 1815 17 FyelL Jarrold M F 1997 J. Phys. Chem. 101 1836
6 Journet C Master W K Bemier P Loiseau A Lamy M Lefrant . . .
18 Billas I M 1. Massobrio C Boero M Parrinello M Branz W Tast
S Deniard P Lee R Fischer J] E 1997 Nature 388 756 . . . .
F  Malinowski N Heinebrodt M Martin T P 1999 J. Chem.
7 Zhang Y Peng Y i H Wang YF LiBH DingDT
ane eng Y I Jin Q ane ' e Phys. 111 6787
2006 Acta Phys. Sin. 554193 in Chinese
19 Baierle R ] Fagan S B Mota R Silva A J R Fazzio A 2001
2006 55 4193
Phys. Rev. B 64 085413
8 Xie G Q Han X TLong SY Tian J H 2005 Acta Phys. Sin. 54
4192 in Chinese 2005 20 Mavrandonakis A Froudakis G E  Schnell M Miihlhéuser M 2003
544192 Nano Lett . 3 1481
9 Fang JH Liu LW Kong WJ CailZ LiL 2006 Chin. Phys. 21 Fagan S B Mota R Da Silva A J R Fazzio A 2004 Nano Lett . 4
15 1071 975
10 Treacy M M J Ebbesen T W Gibson J M 1996 Nature 381 678 22 Zhou JZ Wang CY 2005 Chin. Sci. Bull. 502706 in Chinese
11 Wong EW Shechan P E Lieber C M 1997 Science 277 1971 2005 50 2706
12 Gao GH Cagin T Goddard W A 1998 Nanotechnology 9 184 23 Daw M'S Baskes M 1 1984 Phys. Rev. B 29 6443
13 Meunier V. Lambin P 2000 Carbon 38 1729 24 Finnis M W Sinclair J E 1984 Phil. Mag. A 50 45




4816 56

25  Jacobsen KW Norskov J] K Puska M J 1987 Phys. Rev. B 35 Polarizability New York London Plenum Press p9

7423 30 XieSS LiWZ PanZW Chang BH Sun L F 2000 J. Phys.
26 Ercolessi ' Parrinello M Tosatti E 1988 Phil. Mag. A 58 213 Chem . Solids 61 1153
27 Tersoff J 1988 Phys. Rev. B 37 6991 31 Belytschko T Xiao S P Schatz G C Ruoft R S 2002 Phys. Rev.
28  Brenner D W 1990 Phys. Rev. B 42 9458 B 65 235430

29 Mahan G D  Subbaswamy K R 1990 Local Density Theory of

The effect of impurities on the Young’ s modulus of
single-walled carbon nanotubes *

Yuan Jian-Hui! 2 Cheng Yu-Min! *
1 Shanghai Institute of Applied Mathematics and Mechanics ~ Shanghai University ~ Shanghai 200072 China
2 School of Physics and Electronic Science  Changsha University of Science and Technology ~Changsha 410076 China
Received 17 May 2006 revised manuscript received 8 March 2007

Abstract

The molecular dynamics method was used to investigate the effect of the impurities N O Si P and S on the Young' s moduli

of armchair 5 5 and zigzag 9 0 single-walled carbon nanotubes. The results show that the Young' s moduli of armchair
5 5 andzigzag 9 0 single-walled carbon nanotubes are 948 and 804 GPa respectively. When the impurity concentration
is less than 10% the Young s moduli are approximately linearly decreasing with increasing of the impurity concentration and
the greatest decreasing ratio is induced by the impurity Si and the smallest by the impurity N. The decreasing rate of the Young' s
modulus increases with increase of the impurity atomic number when the impurity element is of the same period with the element
C. The effect of the impurities on the Young' s modulus of carbon nanotubes is the stronger when the period of the impurity
element is different with the element C and the decreasing rate of the Young' s modulus decreases slightly with increasing of the
impurity atomic number. The reasons are analyzed by the laws of the Young' s potential energy variation of carbon nanotubes with
impure and the electron cloud coupling between two atoms from the theory of the local density approximation based on the density

functional theory.
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