57 32008 3
1000-3290/2008/57 03 /1818-05

Vol.57 No.3 March 2008

ACTA PHYSICA SINICA (©2008 Chin. Phys. Soc.

2
2007 3 29
N*  Ar
HRTEM
PACC 6148 0720K 6460 6116D
1.
CNTs
1
2 3
tube ” ‘. CNWs
ACNWSs sp’ sp’
1
SWNTs
ACNWs MWCNT 6
multi-junctions
Eular
* 10575128

+ E-mail panqiangyan @ sinap. ac. cn

2007

on

2 2 1
201800
100049
7 20
ACNWs .
! three-
point junctions “ T “ Y”
R % 5 o
8 “ 1
+2" . Terrones >
Eular
MWCNT
MWCNTs
Eular
MWCNT
MWCNTs
MWCNTs  ACNWs 5.
MWCNTs
“ X+ +
Y* MWCNTs”
MWCNTs
2.
MWCNTs



1819

1 Ar?
~5 pA
H+
700°C
N* 40 keV
~10"/em®
C+
2kPa Ar
1530-VP PE-SEM
2010F HR-TEM
3.
1 Il
SEM

X" +Y"

60 keV

MWCNTs.
40 keV

Art
1

~5 pA

MWCNTs

N+

.2

2100°C

2 h

II.

LED-

EDX

JEM-

20—50 nm.

3.1.

MWCNTs

1 a

EDX

Ar®

MWCNTs

HR-TEM

H+

+H*

700°C

MWCNTs

“
c

X'

ACNWs

d

.a

ACNWs

TEM



1820 57
TEM TEM 3
3.2. I HR-TEM
I TEM
N* Cc* 6
2100°C
1 N
2 b - e “ T" 1] Y” “ X" 113 V"
2 a
1
TEM
- ~0.34 N* (on
nm
2b—c¢ ~25 nm.

2 N7
TEM

pr—T pe— ;o)

+C* MWCNTs 2100°C . a
TYXYV



1821

1 Fuhrer M'S Nygérd J Shih L Forero M Yoon Y G Mazzoni M S
C ChoiHJ ThmJ Louie SG Zettl A McEuen P L 2000 Science

288 494

3
. N* MWCNTs
MWCNTs ACNWs
sp2
2 12 2
33 N sp sp 5
10 11 . sz C Sp3 C sz
13 14 . N+
Terrones > MWCNTs
N
N 15
C +
¢ .c*
N sp
2100°C
. N 8 15
MWCNT  ACNW 2
. MWCNT sp2 1 ACNWs
ACNW sprlsp’ ACNWs
MWCNY  ACNW
MWCNT 6 sp’
MWCNT N H
S]‘Z)2 Sp3 sp2
2
. sp
10
11 H+ N+
w oo I 4.
H* MWCNTs
sp’ Ar* + H* MWCNTs
700°C sp’ ACNWs
sp’ . N* +C* MWCNTs
sp’ 2100C
1l N
N C* 2100°C

2 Postma H W C  Teepen T Yao Z Grifoni M Dekker C 2001

Science 293 76

3 Martel R Schmidt T Shea H R Hertel T Avouris Ph 1998 Appl .



1822

57

Phys . Lett. 73 2447

2003 Chem. Phys. Lett. 380 78

Collins P G Zettl A Bando H Thess A Smalley R E 1997 10 McKenzie D R 1996 Rep. Prog. Phys. 59 1611

Science 278 100 11 ZhuY YiT ZhengB Cao L 1999 Appl. Surf. Sci. 137 83
Terrones M Banhart ' Grobert N Charlier J C  Terrones H 12 Droppa Jr R 2002 J. Non-Cryst. Solids 299 874

Ajayan P M 2002 Phys. Rev. Lett. 89 075505 13 Stafstrom S 2000 Appl. Phys. Lett. 77 3941

WangZ YulL ZhangW DingY LiY Han] ZhuZ Xu H 14 Neidhardt J Czigany Zs Brunell I ¥ Hultman L 2003 J. Appl.
He G Chen Y Hu G 2004 Phys. Lett. A324 321 Phys . 93 3002

Crespi V H 1998 Phys. Rev. B 58 12671 15  Hultman L Stafstrom S Czigany Z Neidhardt J Hellgren N

Takai K Oga M Sato H Enoki T Ohki Y Taomoto A Suenaga

Brunell I ¥ Suenaga K Colliex C 2001 Phys. Rev. Letr. 87

K lijima S 2003 Phys. Rev. B 67 214202
9 Wang Z Yu L ZhangW Han]J ZhuZ HeG Chen Y Hu G

225503

Synthesis and welding of H-doped and
N-doped carbon nanowires *

Wang Zhen-Xia'  Pan Qiang-Yan' ©  Yong Zheng-Zhong®  Hu Jian-Gang®  Zhu Zhi-Yuan'
1 Shanghai Institute of Applied Physics —the Chinese Academy of Sciences  Shanghai 201800 China
2 Granduated School of the Chinese Academy of Sciences  Beijing 100049  China
Received 29 March 2007 revised manuscript received 20 July 2007

Abstract
A efficient and novel experimental method for synthesis and welding of amorphous carbon nanowires ACNWSs by using
double ion irradiations and heat-treatment is described. Experimental samples were characterized using high resolution
transmission electron microscopy HR-TEM . The results demonstrate that the proper combination of double ion irradiations and
heat-treatment may make the multiwalled carbon nanotubes  MWCNTs  to become amorphous carbon nanowiro thus enabling the
welding of crossed ACNWs. In addition the atomic evolution in carbon structural phase transformation is briefly discussed in

connection with the current prevailing ideas.
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