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The Fabrication and Characterization of N-doped Aligned
Carbon Nanotube Arrays in Large Area
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Abstract: Large-area N-doped aligned carbon nanotube (ACNT) arrays perpendicular to the quartz substrate were
synthesized by the chemical vapor deposition method (CVD) without template. Xylene and Ethylenediamine were
selected as carbon and nitrogen feedstock respectively. Ferrocene was taken as the catalyst. Scanning electron mi-
croscopy (SEM) characterizations showed that the highly aligned synthesized ACNT arrays were composed of fair-
ly straight carbon nanotubes with good graphite structures and high purity as confirmed by high resolution trans-
mission electron microscopy (HRTEM) characterizations. Moreover, HRTEM characterizations also revealed the
in-situ growth of “fullerene-like” structure in the carbon nanotubes for the first time. Raman spectrum revealed
abundant single-walled carbon nanotubes in the ACNT arrays. X-ray photoelectron spectrum characterizations
showed that N atom was incorporated in the ACNT arrays successfully and its percentage increased with the in-
crease of nitrogen source in the feedstock. When the mole ratio of the N atom to C atom was equal to 1:1, the

incorporated N atoms in the ACNT arrays could reach as high as 2.51% in mole unit.

Key words: N-doped; aligned carbon nanotube arrays

0 51 = FEN G R G, X etk R AT © A oy LR ) —
A 9K B T A0 gl ok B R AR S R S DL R
i 41 K 4 (Carbon Nanotubes, CNTs) F M # % 21 Y Ay B8 5 RH ) £ 1 B ) 52 A R R AR e B T
DIk 5l DL AR S (4 W BE RN AL = PR RS R T T R AT (R N FH AT 5, B F A B 3l N XK &5 44 0]
Wik H 11 .2004-08-10. Wef& ek H #1.2004-12-02.
65 11 SR 55 4 8 250371 H (No. 10332020) % Ih .
SHIRER A . E-mail : wangye02@mails.singhua.edu.cn
AR FEREAR 28 & WU WF IR AR s BTG U 1) < 5 o) A K Al A8 1) ) A Ok B




%3

FRIGE AR 46 . KRR N-45 4% 5E 1) B 44 K 45 [0 51 1) ] 4 15 Ak - 305 -

LA il 5 29 KA 14 7 5 M “2 PR RER, TR 42 2R Y
i 49 K A A 35 3 A — AR B AR ST R

FE 1) Bk 44 K 45 (Aligned Carbon Nanotubes,
ACNTs)FE g A K 7 ] — B BR 40 K A8, AT RASE 70 K
FHERIR 2N KA Y Al 1) DIE S 1) P e AR T PR R, AR LA
R YA R R0 R RT S, A i 48 4 4
2 6] B A0 KA Y R = P B R S B X 8 0 T A Ok
5 . Terrones 55 A LAV 21 il ) il i FE Ay A4 A6 710, 70
1050 °CF HE AL SR i — Sl B8 2 = B U 25 17 5 1)
(1 N-$B2% R AN B FESIM, Sen 55 ANPH & T N-£
I BRANK AT, BN AL =T T B CoN T
H N 2L sp? 8977 A5 BRSS9 S A% 25 5 7 —
B, S Bk BB A B AN KA A B T FL 5 B TR
BIRBIRARA , (HIE K LE3B AR Y Bl A0 KA B AR
TEVER2E AR Sy WAL . A SCRRREPYE PO 21 il
(4 Fe 4 J5¢ L 24 = RG] % N 45 2% 195 17 Bk 24
KA BT I B A S8 R A R A T
SRR LT IR G W) .

R SCHR A TE 14 T v 4 i BT S AT IR, T
EHRB N AN ARSI N B A% E iR A
AUIELE AR, DRI AR AT B4 7 1] B 2N R A8 BRI E AT R
BR A 1 HC R FHIE R dnfar 1 A 2 AR DL (chem-
ical vapor deposition,CVD) X — il # & ] ik 44 K &
Wed i) 207k, T TG 38 2 4 R A B A e I Ok
SCBL N B2k (0 [ Bk 94 R A 1 T 4 i 2 AR KR
ARSCHEFE ) EE R, FATRRE T A8 Al
H, W IR & e R R IR SR A A SRS A I
Ll T RIEA (KT 4 em?)N-35 24 19 & 1) B 45 K
BIES, I i 5 1 N-18 2% E 1) B 94 K 8 B 51 A7
TR,

1 KBS

il 2 B 2B AR B T ) R B AR 1 R . ik
AORAE IR A K DA B TR, DL A,
Wi, & MR RIR, OB AR o TR
fiR e WA IR W WD, IR RO
PRSI . B SR A SR RO B S A B Y 1
MALE RS TE Ar DA AR Sz (700~800
C)o A3 s v R B2 S Gl A B 2 5 S 300
scem (Standard Cube Centimeter per Minute) #1 2 000
scem Y Hy Al Ar, [RIBPRE A %8R —H2EMZ
TR A VE WOE SRR B SN U A Y 0.4
mL-min™, f£ Hy fl Ar B0%a R, 8 m L —

¥ B K AT RS R A B, R BR A R AR Y Fe i
T W 2 WG e A S b 7RI 2 Fe 50T MR RY
HEACVEIT i =W R & e 4 7= A= 1 C JR
LA RIAKE, SRR, £ TR BRI N
JEF B 2 e ARG v IR S B I ] AT LR AR
N TR) JBE B8 AT 1] i A KA W B B IS 25 T, o 5 119
JE [ R ANK B HREAE Ar BIORI R H 3 %0k

m“u[éﬁigmmum.
- ;:ﬁ__ ﬁﬁ -

Bl il N B30 5 1) B 4 K A8 I 9 11 2 7 7
Fig.1 Equipment for the fabrication of N-doped ACNTs
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Fig.2 SEM images of N-doped ACNTs
(a) macroscopical image; (b~c) side images of ACNTs; (d) top image of ACNTs
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Fig.3 HRTEM images of N-doped ACNTs
(a) bamboo-like CNTs; (b) “fullerene-like” structure in N-doped CNTs (see the arrows)
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Fig.4 Raman spectrum of N-doped ACNTs
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