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B E:AMATREANCOEZBEHERERMKRERE. A CO. EEWRRH & T LBRIHK
B RRMOETIE S 400~900 W, AR A B EH S AMR R A LERAKEER N 1. 1~1.6 nm, B¥
BOET R A B R BON M. AT 632. 8 nm AN MB Tt S RBERMKEH - KN =R
Raman 33t (W8 T YAG Bk M #0060 CO, 3 48 W0 ) 4 10 3 BEBR 9V K B 19 Raman (%8 R ALE
Raman HIEMMUR EFEER. FK M EZR T AREK 10.6 pm L5 CO, LML & R EHR N

REWTE KM MERNASTTTIHR.

FEOF P BERAKE, CO LMt Raman itk
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RINBELE CO, MICHRE CO JOLBHEARE
BRROGR HA 0 ERZE AHFARMN TR
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1.1.1 SPECTRA CO,¥X.3%

BEOERRE T B AR Bk EEH K
PLEHBE. AR RS A MAREREH
BAK¥ REG. BOEHMEEEME: KK 10.6 ym, &
{ 8000 mm, TR L H 200~1500 W, X TEM,,,

HHEER 19 mm, KHLH 1.4 mm HAERNK
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Fig.1 The system for the preparation of single-walled carbon nanotubes by CO, laser evaporation method
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R G KB R 45" 892200 e 13X BE 24 P IR 4 19
R AT G BT, BEAE SR B RO R B
1.1.2 BHES

PR B 8 #4830 R GE R FI A — N K — K BT e 2%
REHWMARRERO EHFK HRABOELH
REFBIERIG 1 5 5 G AT 59 K B A9 K B 37
WAHAFERAELRE AFRHRE HRAND
BB BT B SR METE E
L13 A%2EH%

EBAE RS, LIIEHOCR R A, LR R4
FIRG LA R REE. SO FRERBAT
PH.ERERGEHEAN I ARG (WBUEEMN
TREFZR) LR REER MEREQORE
RN TEEE SR FANERENBES
BABRRBEH I RE.

L14 BHEMNBRERLE

FHBRY N DAG Lasercam H{F. EmAA
40MB W3R 31 fn42 & 9 AST140 B (IBMATCLone)
HEN. 12 BT EERS TFIFRERLAE
ARFHEBERAKGRAR. ARRBREFE AR
FREF, ETRAEHARRBATRERNEOE L.
.1.5 REZE

REZERHWAUEABAEREINE HEX
REMMES REHAR. WHAERENERRER
PERHITREN. RMZBLE O ZnXe REH,
FEAELIHORBFABEL.

1.2 COEZMAETHBEBRAKBTRA

EEADSKPRBAERER—OBES
. B RGRA SPECTRA #4 CO, #0648
Bk 10. 6 pm. R PR BOLTI R 400~900 W,
HEOBERHAERNMET I 0.6/0.6 # Co/Ni
WHESRZ 120CAEMRE. EREP . ARBER
KTRMEHN ZMEE 2. 7X10°~ 5.4X10'Pa
MArS, RREZERNESEORRA ZnXe #8, f
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BB HARBTFOaBEE. FER RS ELE
BOERBERT, A BB b I 1R 59 8 20735 iR
ROBAE XA BT REK & aa
BAKRBEHREK. REEXMHARRZ T EHEN
BRBEAAKEVRESRGBER, SRHABRME
ERMBRAKREHR. KRB RE, B REm, A
BEREMM, AN SRERAKENRKREZL.
X BT o 4% 9 B8 0K A 4 e 85 (TEMD #1843 9535 5t
.8 (HRTEMD i# 47 W% , 3£ A Dilor Ramlab i &
G OGHT IR, BT A BZ BB K ¥ 632. 8 nm,
BWENIEN 6 mW.

2 #HR5iTiE

2.1 REBRAXENSSIBEHRERRNE
KL=

X RKRIR CO, B &1 & REERIAKEH

BKELTEHEERR, RAKKPEFHA 5~
10 4R B8 BE B 4 K B 4H AR B9 R BE BR 4 Ok B 4 (bun-
dles) LB F A~ X EHHK, HPRBERN
KREMTRY Y BRFARERNERY 8~
20 nm. B 2 HEBERAKEROR I HBaERN,
R BRAERAKENERA L4 om KBPE
B EEHC M, A RBEFR, BERA
REWHTHERMBM M. 7 600 W ot %
T BRAKEHEHERL 1.2 nm; 7E 800 W 0k
WRET . RARENFHERA 1.5 nm. ERITH
R P BOEThE N 400~900W, HI BHRAKE
WEBHERK 1. 1~1.6 nm. A 532 nm KK
YAG B BOEH BB ERAKRBENER N L1
~1.4 nmP* X B AT CO, ¥ 6 il 45 A9 3 BE B 44
KREHFHELE A EARNFAHEOEREMELD)
BT, ENEERAKRENERETM.

B2 BERAKEAORSHFEOERL
Fig.2 HRTEM image of single-walled carbon nanotubes bundle

AR COBMAHEHERMNKESH
YAG Bk B fl S 0B mAKENRRAZL. ET
MEATER AP KO B NAL 1200CH T
ERMNBPANBRTEHEERRAKE. BAXK
FERKFBENEEX B FRIRLSEAL R

CO,MARERUBD RS E NIRRT BB
ERUNFRE B R BB e R L8,
BRI TR 5 BN R AR B T SR .
HREMEHRBH IR RE, — o HENE
8T — B84 I8 A6 8 A 80 1 SR M. CO, 4 F
MAMREREEES TR TFSENRE—BKE,
HMEWKN 106 um WO RF R THRER N
0.117 eV). A 8% CO, WA R HHNOINER A
AREFMRWAES Bl . BB PTLBRABRR

W HARSABEENBSHTERES.

KR CO,ABWHIRARARE—TF
U100 ~10°W/ ' N REEREEARR
. A BEIARER 3000 K HBR, X/MNEE
R UEB A AL A R BRI & BB A K B Y
ARBE RBPRI, RE HEOEThRY B 400
W LR, AT MR SHRAKRERKNER. X
HHRRRARENERBE-SMNRE (BER)
B ASeE P BENEARERBNL, M¥
HWKETE A ERARE T EOERRT A R?
BELBESENBOCE KA RITHMERR —RE
M RBARKR BT AR HEK 532 nm & 5k
BOLR B ERBEBRNKE, MBKNY 10.6 pm B
COBICRE= A MAKREMUPRA T HERBEH R
EERSHNBRE  AEREK 532 nm, J K 1064
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nm B#E, BRBEK K EX 20 45 10. 6 pm HYK
KELDIMMOCERRE ™ A K.

2.2 BEBOKER Ramam Xif

Raman B HFAMRERERAKREN
BFR,ARECXH YAG Bkrp 80686 & 5
HREBYCKER Raman R THR. B 3 SR
FEFEK 632.8 nm AR TH Raman #£E. & 3
FH, A K 632.8 nm B KK CO BAH &K
BB 9 KB A — % Raman &7 1581 ecm™'
1538 em™ ' bR, 5 YAG BOEH & &) K
MK E — % Raman {7 F 1589 em™' F1 1563
em ' AL A SRIETIAR H A BRI, i i Kokai %5
AR IE B9 R Bk b CO, SO 64 B BB B 1 K A 10
Raman i, Bi N &2 F 1591 cm™' 1 1569 cm ™
Ab. AT, BAR PR B o 0 R SR O R RE ) & B
BAXE BETENSEARERNIERR, Bk
BARKERE W REREER A EHRS, T
FESEMOE B AR 5 WO B B Y B 1) R AR R 5 MR 4R
ML SRR RRAKBELE W EATER
TEER B EE3MIEERFEA 1728 cm™ B
A48 XA Raman E AR TR KBEH SR
AR BERHIEE P EERRLT. B 34 H CO ¥t
Hl B B BERR AU K B M — R Raman 4%, g @ d i
F 1308 em ' BB ERBER T BRI ANE
Fig (D i), i F 2612 ecm ' £b B9 B2 3R 14 B 1308
em” E ) FE AR

Intensity
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B3 R CO.WAtH &M RBERAKEH Raman %
Fig.3 Raman spectrum of single-walled carbon nano-

tubes prepared by CO, laser evaporation method

BEBRMNKEH Raman X E I RIAM L EZ
BAKRE N E IR, AR RBRA K

HHBRTE RN REER K E Raman R
ESXMmRT M RERAKRENFRENERSH
%. AW B R Raman i, F 7 RER B A XK
GHEWHAKRER,# Raman Y5 BN R A
PREHEETR.
BERAKENERG TEGBEHENT
R A B ESHR—EE, ST RSP
FORMUBETASEAELNKEFAES,
RECABESHFHE ERETERE, R
BRT - HANRAKE. BEEE G =AA (K
KEHYTRERARENALOTHEMNKE o
M a, TR
C,=na, +ma, (@)
Kb nMm R B RAOEAKRETA
m)EMBHEEBE, (0, m) R IBRAK BB K
BOREHEAEEWSEEBTH . m) BEHE. G
B FR R F K B (chiral vector), ARV HERER
a, (88 a,) F ¥R K48 % F5 15 (zigzag direction). F
HRBSEEFRZEERA 0 AT A (chiral
angle) RAKRFHUERBRTFHERIMEEH
AXWFHAI AE—HEHnan) , ATLUE R
—HRAKXE . CAHENERJINFHEAIHT
R
d(m,n)=y3a, (m* +mn+n*)/x (2)
6=arctg[ —v3m/(2n+m)] (3
KO P a BHR—BRBEAKE, K 0.142 nm.
ERERIKE, MARH 0<o<<30°, R H
BWRE n>m, HARRELRYE. 4 n=m8,0=
30°, BLRS MY BR 1K B BUFR 9 3k F 45 4 (armchair tu-
bule). AN ERERAKES, RETEETEA
LEGFHRIN. Y m=0 0, FHH 0=0,02%
BRAOK B BRI AR5 B (zigzag tubule). [ A %
RFEEFEE LA EERR. T 0<o<30°8
RGOk E W FR A F 4 F (chiral tubule).
BERAKYE Raman Yt il # KA Raman
H—R R FRRS (RMB) B R & X4 A
BACMERAKEAFEN EABRPAELES
ZIR AR EIE. AE R AL BERAKE R0
BREESERMEKBRELRY . AMAERAKRENR
B MR AR BE R T AR TR K B G i e
24 Rao FAP BB R ERSAKEH Ra-
man Jti%, 5E SR ENEMNER L, RAH KA
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WATEHENRDFELEELRARERNS
FRHEEG=8~1D, BB PHRERAKENE
BE =8~ HFERBENEZHYE. B4 1
RITEORA EXHERBEEN, n=8~12 % F
R RUE BB SE . B, 000 B B 3 49 K A Y R Bk
FHREE, NEHREEMTEEEEE, S LEd
B/

RS IR, 180 cm™ Wi B9 JLA Raman 1§ 2
B4 KB B9 42 5] PE IR 4% (breathing mode) , B BE g 44
KA 12 1 PR IR IR R 5 40K B B E B R .
WA THHE, T n=8~12 $k F 41 T i 13 ) 1 IR
WU EFEHBRDHN d.,=dss=1.09 nm,
dys=1.22 nm, dyg,,0=1.36 nm, d,;,,, =1.49 nm,
diza2=1. 63 nm, 3 H Raman 1% [ I IR 45 3 i+ 58
fH4 31H 206 cm ™' (8,8), 183 ecm™'(9,9), 165
em ™' (10,10), 150 em™' (11, 11), #8248 xf B & 9
Raman % 3 &, 7778 4 By 632. 8 nm I K 8K ¥
B A2 ) W IR BE AT SR 43 518 209 em”' (8, 8), 189
em™'(9,9),173 em™' (10,10),157 em™! (11,11),
148 em™ (12,12) , LB 3R W A7 F 187 cm™, Xt W
O DBMHAE, 5P BEEMEMN 2 eom™. &
Raman 841 &, SAH R FHER 58 FETHN
T W T BT B, 65 & £ Raman B 5T 04 9 3t 4R 48 58 %
BE X B R o F ) — 4k £ T R 4B SR AT SRR
HREFEIE Raman BT R EXHRERFAH
AEEHRMARBEX AR SHAGBENERR
AR,

3 & it

RAKDRELE CO MMM A REBRAKER
GOEZRTHENER L 1~1.6 nm BERH X
B REBOETHRBME N 400 W, BAKFHER
FEROEDI R KT K. EWE R RERD —
ERBRE KRNI BRE = & B Rk
B RESREOLH & 0 R BRI KB KR =
FWH Raman ik 5 K RO WOLH & 004,
BAKMH. BB TE i 632. 8 nm B E
BB B BE T 44 K B B9 4% 1) R IR A A
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Preparation of single walled carbon nanotubes by infrared CO, laser

ZHANG Jian', LI Ming-hua®?, ZENG Guo-xun?, CHEN Ke-xin*, HU Li-chu’
(1. Guangzhou U-lim Economy Development Co., Ltd., Guangzhou 510730, China; 2. Faculty of Material
and Energy. Guangdong University of Technology ., Guangzhou 510006, Chinas 3. Institute of Quantum Elec~
tronics . South China Normal University , Guangzhou 510631, China)

Abstract: The equipment of continuous wave CO, laser ablation for producing nanomaterial is introduced.
Single-walled carbon nanotubes were prepared by continuous wave CO, laser ablation. The average diame-
ter of carbon nanotubes produced by CO, laser is within the range of 1, 1—1. 6 nm by high-resolution trans-
mission electron microscope observation and increases with increase of laser power from 400 W to 900 W,
Raman spectrum using excitation wavelength of 632. 8 nm of single-walled carbon nanotubes prepared by
continuous CO, laser ablation were measured and compared with those of single-walled carbon nanotubes
produced by pulsed CO, laser ablation of previous reports. Their difference in the characteristic peaks were
observed. The growth condition and mechanism of single-walled carbon nanotubes produced by CO, infra-

red laser with wavelength of 10. 6 ym at room temperature were discussed.

Key words: single-walled carbon nanotubes; CO, continuous laser; Raman spectrum



