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WANG Zhi-Yong' ZHAO Ke-Ke'* SHI Zu-Jin™' GU Zhen-Nan' JIN Zhao-Xia?
('Beijing National Laboratory for Molecular Sciences, State Key Lab of Rare Earth Materials Chemistry and Applications,
College of Chemistry and Molecular Engineering, Peking University, Beijing 100871)
(*Department of Chemistry, Renmin University of China, Beijing 100872)

Abstract: Nitrogen-doped triple-walled carbon nanotubes(TWNTs) were prepared by encapsulation and pyrolysis of
iron (I) phthalocyanine in the interior space of double-walled carbon nanotubes (DWNTs). The newly formed
innermost wall of TWNTSs are corrugated, have more defects and are less stable under electron irradiation than the
original DWNTs. These structural characteristics are probably related to the nitrogen atoms in the innermost wall of
TWNTs. The growth mechanism of TWNTs is discussed based on the experimental results and the previous reports of
pyrolysis of iron(Il) phthalocyanine on substrates.
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Fig.1 Low magnification (a) and high magnification

(b) HRTEM images of DWNTs
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Fig.2 HRTEM images of TWNTs
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electron irradiation

BMEZFHN,

L ST X e 0 DK A 1) 5 R SR A T SR AE 11 R
F-Bt, Kl 4y DWNTs B & il b 35 A2 55 TWNTs
M T | B2 OGS AR X (B 4 T 200 em™ LA
) A Bk 4 oK A 1 A ) PR I R B8 2 (RBM) , RBM 19
W SRR ANOKRAE 1 AR B I OC, BATZE A C R
A LLE IR IR N d=224/(w-14), v d MK
1Y B AR (nm)"™, N HRTEM W45 N 28 BER K Z
9 1.4~2.0 nm, MR IR EAR 5 4R SR 22 8] 1) ¢
Z, ATHINZE B RBM R IEHA 126~174 em™
(B 4 b R AHERR 23 ), 23X A MR8 HL S AR /Y
DWNTs 1) RBM M %30 [ 5 75—, o5 — M, i
TWZE GG L 452 i H RBM 958 5 2
855, LA P T DR A A e P ) A
RBM U AN BE B W1 B M o3 BE 0 Ok, fr @i b A T
1320 em™ B D W5 B4R T G SR 251 A
K, G (L 580 em™ B IT) S D WA SR B Y LU AEL(1/
Iy) FTUAPEAS e g K AS S5 M iy o8 6 # B L IRl 4

G band

RBM
£l L3
2 _-—L\.,\\:\\ D band
Z .
- )
5 . .

. ) DWNTs

e © TWNTs

/L
! | L L

100 200 1400 1600

Raman shift / cm™!

Kl 4 DWNTs 5 TWNTs A2 615
Fig.4 Raman spectra of DWNTs and TWNTSs
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Fig.5 Proposed growth mechanism of TWNTSs
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Fig.6 X-ray photoemission spectrum of TWNTs
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