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Synthesis of Single-Walled Carbon Nanotubes and
Characterization with Resonant Raman Scattering
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Single-walled carbon nanotubes (SWNTs) are the fascinating material for their unique
mechanical, physical, electrical and chemical properties based on their specially elongated fullerene
structure. Macroscopic SWNTs have been generated by laser-oven techniques, arc-discharge
techniques, and recently by catalytic chemical vapor deposition (CCVD) techniques. Furthermore, we
have developed a simple, high-quality and relatively low-temperature CCVD technique using alcohol
as the carbon source. These synthesis techniques and the characterization technique by resonant
Raman scattering are discussed. Finally, the formation mechanism of SWNTs is briefly discussed.
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Fig. 1 Geometrical structure of carbon nanotubes. (a)
Single-walled carbon nanotube (SWNT). (b) A bundle of
SWNTs. (c) Multi-walled carbon nanotube (MWNT).
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Fig. 2 Laser-oven apparatus for generation of SWNTs.

Fig. 3 TEM images of SWNTs generated by laser-oven
technique.
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Fig. 5 Schematic diagram of alcohol-CCVD apparatus.
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Fig. 6 TEM image of SWNTs generated by CCVD
technique with ethanol at 800 °C.
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Fig. 7 Examples of resonant Raman spectra of SWNTs.
(a) Laser-oven sample, (b) CCVD sample with ethanol.
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Fig. 8 Raman spectra of SWNTs generated with CCVD
technique using ethanol as the carbon source. A: Radial
breathing mode (RBM), B: Full range.
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and van Hove singularity.
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Fig. 10 Chirality and energy separation of SWNTs
(Kataura plot).
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Fig. 11 Comparison of CCVD Raman with Kataura plot.
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Fig. 12 Growth process of a tubular structure by successive collisions of imperfect cage clusters.
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L7225 La, Y, Sce EEHLNNIESTY T AKX —F
HIZERBIRFNESL LTS Z ERNbholz. Zh
5 OEEREFRIIX 12 1R LR E OIS & 2
HRFEERBr — 7 G AR —ICRIETHEEZD
N5, Fiz, Ni/Co WRMBENSDRA LT T A
H—DEZIZE Y, BEORNMNL T, RLTH
ELXIVIRVY Croo~Cago BRED Y A XL 0 T TDORFE
7T AL —=NBEIN TV, Rh-Pd &J8 Z RN
T5EZOEBRPHEN Co~Cl REICEILTS.
INDHDY TAE—GARITAERESID SWNT OE
B EEBERNIST D Lo R THVO, 75
— L Xy v ) AT WVEIERARS SWNT ARk i
DTHBEREE ZH-TWLEEZBND.
5. 8pVIC

HEh—RF ) Fa—TOEREZONT, L
— W= =T, T— 7 Bk E CCVDIEIZ O
TOBUR, HIBT < I X D5HE & Ek A 7 =
AT OWTIHRARTELED, BEOHIZITKEND
ZAM7Z: SWNT A A FIEEE 720, B A T HEET
R BB D HIE S 7z SWNT D4R Af
&b ETHIND.
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E5bDTHY, WIS LET. FARMEDO—
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