57 32008 3
1000-3290/2008/57 03 /1930-05

ACTA PHYSICA SINICA

Vol.57 No.3 March 2008

(©2008 Chin. Phys. Soc.

o *
Peierls
;
510275
2007 4 11 7 20
WKB out-of-plane  Peierls
Peierls —
Peierls Peierls
Peierls
PACC 7970 6146 7130
A B
1. Peierls Kekulé Quinoid
out-of-plane
1—3
16 17
FI = ZA C:Cn - C:LCIIL
o - Zt U, — Uy, C;Cm + C:rn,Cn
FN 7 n m
K » Ky >
FN +7§n: w, — u, +7§": 2Z0
89 1 Z: Wit
. + ) u,
Peierls "
1= Peierls U "
u, n .C;
Peierls B Peierls n A= aZ,
Peierls 5w, - u, A
14
K,
Peierls
Ky
1350 eV/nm” ** K,
2 M u,
t u’l - u"’

*

90306016 50572123

T E-mail stslsd @ mail. sysu. edu. cn

04009729 06023084



3 Peierls 1931

tw, —u, =1ty,—a u, —u, . 2 2.5eV a=60eV/nm" .
Lo out-of-plane Kekulé
a Quinoid A B
ty = Z, 1
a u, —u, =0
1

H =204 CiCy + CinCiy
k

2K, N

3 A3

- Zt ko CiuCy + CipCy +
T

ik _a -ik a ka
t k= tolek*ﬁ +2e " llﬂcos(¢

2
N . 3
15 20
1 out-of-plane  Peierls
|
A 2 @kxa (k}.a) z(k},a)
E, k =+t0\/(to) +1+4cos(2 cos| + 4cos 2 4
o9y V3ma
e =k m—n +75Tg ntm
ka%kmen +%qn m 5
|
kg k -n/T<k 7 Peierls A
<n/T r qg=0
12 N-1.a=0.246 nm L
21
L=avn*+m’+mn.
5 q q>q+ 9/ j Fy T :%EJWN E, k T
¢'o ¢0 ¢0=h6/€ ¢’ q :
xD E, k Fy dk 8
F =
n NET
— kyTInZ Z=Tr(es") e
6K N NET:;vngT 9
Fa—g O
‘ o =5 >0 fET -
Lg
_ZkBTZq:Jkln(ch(ZkBT))dk. 6 b E
%:0 Peierls
Vx Fgp =W-

e
2 el .x — —

a E, k ) 1 _ dx
-5 qu:[rtanh(ZkBT k= 0.7 7




1932

56
_ 4/ 2m W - E % 0.08
D E Fy = exp| - 3hel, vy 10 C(3,3),K=1350 cV/om?
C(4,4),K=1300 eV/nm?
WV eF 0.06 | T=300K
vy Y=Tw-El
>
2 o0.04f
3. b
0.02f Y=<l
Peierls
2 cC33 C44 0. 00 - - N - -
0.005 0.010 0.015 0.020 0.025 0.030
Peierls A 8/,
0K A C3
3 A 0.076eV C 4 4 A 0.028 eV. 3 €033 C44 A
100 K A T=300K T=400K
A =0 Peierls Peierls ) A
T,C33 T, 500K C44 T, Peierls
330K : 13 400 K 300 K
Peierls A
— C(3,3),K=1350 eV/nm?
0.08 ---+ C(4,4),K=1300 eV/nm?
0.06 |
o
~
< 0.04
0.02
[70]
o)
A
oool . . i,
0 100 200 300 400 500
T/K
2 C33 C44 A
Peierls (E-Ep)/eV
A 3 T =300 K C3
3 C44 A 4 C33
A #/9, = 1. 00
0.5 0<¢/$,<0.027 A —— 4=0,T=300K
C(3,3) —e— A>0,7=300K
0.973< ¢/, <1 A —v— A>0,T=400K
2 0.90
cC33 £
<
$/$y~0.027 $/$,~0.973. 3
Peierls =~ 0.80
4 -
300K 400 K . . .
0. 000 0.010 0. 020 0. 030
A 5 C33 4760
T=300K Peierls 5 €33 Peierls



Peierls

1933

Peierls

Peierls

Peierls

. Peierls

Tijima S 1991 Nature Landon 354 56

lijima S Ichihashi ibid T 1993 Nature Landon 363 603

de Heer W A Chatelain A Ugarte D 1995 Science 270 1179

Bonard ] R Dean K A Coll B F Kilinke C 2002 Phys. Rev. Leit.

89 197602

Rao A M Jacques D Haddon R C Zhu W Brwer C Jin S 2000
Phys. Rev. Lew. 76 3813

Huang N'Y She J C Chen J Deng S Z Xu N S 2004 Phys. Rev.

Lett . 93 075501

Sun J P Zhang Z X Hou S M et al 2001 Acta Phys. Sin. 50 1805
in Chinese 2001 50

1805

Liang SD Huang NY Chen L. Deng SZ Xu N S2006 Phys. Rev.

B 73 245301

Zhang Z X Hou SM Zhao XY et al 2002 Acta Phys. Sin. 51434

in Chinese 2002 51
434
Zhang Z X Zhang G M Hou S M et al 2003 Acta Phys. Sin. 52
1282 in Chinese 2003
52 1282

10

11

12

13

14

15

16

17

18

19
20

21

Peierls R E 1955 Quantum Theory of Solids  Landon  Oxford
University Press pl08

Zhang H Q 2000 Acta Phys. Sin. 49 936 in Chinese

2000 49 936

Zhang H Q 2004 Acta Phys. Sin. 53 1162 in Chinese

2004 53 1162

Connétable D Rignanese G M Charlie J] C Blase X 2005 Phys .
Rev. Lett. 94 15503

Huang N'Y Liang SD Deng S Z Xu N S 2005 Phys. Rev. B 72
75412

Saito R Dresselhaus G Dresselhaus M S 1998 Physical Properties of
Carbon Nanotubes Tondon Imperial College Press

Harigaya K 1992 Phys. Rev. B 45 12071

Su W P Schrieffer ] R Heeger A J 1980 Phys. Rev. B 22 2099
Krishnan A Dujardin E Ebbesen T W Yianilos P N Treacy M M ]
1998 Phys. Rev. B 58 14013

Yao N Lordi V 1998 J. Appl. Phys. 84 1941

LiangS D Huang N Y Deng S Z Xu N S 2006 J. Vac. Sci.
Tech . B 24 983

Gadzuk J] W Plummer E W 1973 Rev. Mod. Phys. 45 487



1934 56

Peierls phase transition and field emission of carbon nanotubes
in a magnetic field”

Sun Hai-Jun Liang Shi-Dong’
School of Physics and Engineering Sun Yat-Sen University Guangzhou 510275 China
Received 11 April 2007 revised manuscript received 20 July 2007

Abstract
Using the tight-binding approach with the WKB method we study the Peierls phase transition of the single-wall carbon
nanotube and the field emission in a magnetic field along the tube axis. We find that the Peierls phase transition may occur above
room temperature which induces an energy gap near the Fermi level leading to the metal-semiconducting phase transition of the
carbon nanotubes. The Peierls distortion of the carbon nanotubes suppresses the field emission current. The Peierls distortion may
be modified by the magnetic field applied along the tube axis. The energy band structure of the carbon nanotubes depends on the
competition between the Peierls distortion and the magnetic field effect which affects the field emission current of the carbon

nanotubes .
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