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MR OBEEE (330) : In order to control the detailed structure of single-walled carbon
nanotubes (SWNTs) during the growth process, in-situ observation of SWNTs in their
growth stage by near-infrared photoluminescence spectroscopy was performed. I designed
an environmental chamber, in which the sample temperature and ambient gas condition
were controlled. I succeeded in the observation of the changes of photoluminescence spectra
owing to the interaction among SWNTs and the elucidation of the temperature and
ambient dependence of the photoluminescence spectra.

AAF IR FE B
(BEHHAL - 1)
B B EETET & &t
2007 FFJE 900, 000 0 900, 000
2008 £ 800, 000 240, 000 1, 040, 000
2009 £ 800, 000 240, 000 1, 040, 000
2010 £ 800, 000 240, 000 1, 040, 000
I
ik 3, 300, 000 720, 000 4,020, 000

W48 . 1%
BFEOSF - MH - R T - B T
F—U—R:HEI—RT ) Fa—7, CVD AR, JCEIE, Fo8EE

1. WFZEBAE S 1D 5
HJg—mR ) ) F 2—7 (single-walled

PZ2Rd ZehmonTky, FiZnbo
WP E DR ETZ T T < SWNT O F

carbon nanotube, SWNT) & i 1 ¥/ 5 7
74 hDOY— FEFIRICLD-#EEE L, B
Z1~2nm, E&% pm L WO EFEICTHENT
AT M EFFORBEIR T DB HRERK S
NOMETHD. BOERAYTRE, w5 o
BWEMRER 7T 7574 b — hOEX)
(HAF VT 1) ITkoTET DERLE
PECYEAERRME 7 & BELBREE ORI, PBRRY

J T RA AT R S R A AT D
TS, 26 HESRIZIE, SWNT @
g (B, BX, w47V 74, (E, F
M7 L) OFEERGIENARD GNDHDONRE
WS, BUE O E R BT Tk~ 7o Re
D SWNT NAEMINTLEY, FiAEk%
IZEND 2000 - W5 2 L BRI
FEEICHE LW, ZT0H, REWHALMNI/R-T



W72y SWNT DR A 1 = X L% B L,
1 T A AR & PR D ERR B IR R ENL T D
CENFERICEETHD.

SWNT I3, BEAHL nm O il 4 JB 1ok 17
HRE L, WREBIRARHCIZE O E BRI T
ELTWbHEEZOND. D%, SWNT O
R A = xbm% EERTICBT Y
CINDOBIEE - it (FOHEIE) BIEEIC
HHThHD. ﬁ47)74iswwr@%$
Wy A B R M 7 8RR I A &
NEMEERET HIFFICEE T A —
H—=THY, TOIWATZ VT 4 ZRETDHH
EDIT RS HETH D . TR EOEF
ik SWNT OFE F#EEICRK L, BifFERD
EHAED TS SWNT S FED 15T
BB, RK7Z SWNT ORI EE AR
IVOFERICIT#E RO R HN L <, £ 7286 H

aié%@%ﬁﬁﬁ T T TR L.
ﬁﬁ$mﬁﬁéswwr®%®%ﬁﬁ%%%
HEEITZE, TDOIA TV T 4 TEFERSS
Hr7=7a SWNT % A B = X AIZB4 550 A
EEGHIENTEHZ LRSS

2. WEOHB

AW %R T X o AR A w4 ok
( photoluminescence, PL) % % H 7z
SWNT i A 1 =X LD % I E LT
M9t a1T 9. PL A tREZEENICB W T
CVD k2 & B SWNT &l K OV D4 el
EHRATVY, DR DO % 8T LR A
= ALEMBA LT, EFERRZ, SWNT

REDZF D PL 27 "V OSHTIZHLEE,

SWNT #6227 MLV OBREKRIEEE S
27 5.

3. WHEDTTIE

SWNT (fhod'E GEfCfhd SWNT)
LEEMT AL TCPLER LR 2D, 2

(A)

quartz pillar v

(B)

— 830

i emn :
900 1100 1300 1500
Emission (nm)

X 1 M)ﬁ32ﬁﬁﬁ_ LERE ST
SWNT @ SEM 4. (B) 246 SWNT 75 &)
L7-PL~v 7.

ThE ) < SWNT & PLE OGB4 A28 %
DTN A, K 1A)OEFHEMEE (SEM)
BIZHDH X972 2 KOFAEROIICZEEGT 5
SWNT %7 e L THWTNS., Z0
SWNT %> 7L, 74+ MY V7o 7 412k
0 IR U 7= ek i il 4 B Aok + (=
2SNV, R E) BEREZEREEICE ST
TER L, fbFXMHHEFE (chemical vapor
deposition, CVD) 1EZHWTHERKT 5.
BEAEL—Y— (FE - T7A4T L
—H—. K 690-830 nm) % PL Dbl
L LTHEA L. BMEEOxmL o AT
— xRy (L—F =Ky A X2
um), A C7oimRAVE R A [F—Oxt v
VATHENE LS LT, BEREEEXTE
OB ART ML B TIDIZELEDIZHED
N, MIBWRLEZPL=y P ThHbH. 2D
PL ~ v 75 SWNT ORIKE & BN E
BROLI, 2O SWNT OO A F V)T 1 %A
ETDHIENTES.

ET O SWNT 226 D PL 362 21145
7o D2, /INUOBREERIET v o N —Z2{ER L

ZDOF ¥ N —NTD SWNT &Rk & 7T hie
2T A2, RERIE (KE (=10 °C) D
EIR (900 °C)), & BIZHEMHERT ADESR
RO S TX 5. Z OBREHRIETF v
— & W T, SWNT & k7B 5% %2 it
SWNT DR+ D8 PL et 2 B+ &
[FIMFIZ, REkBREE KT SWNT 725 D PL 3§
N AT MV OBR A HED T

B E S

SWNrAmﬁ IXEDRBIRAT AL LT,
X )= ERWDS. T, =X =L HA
FEPHER A TO SWNT 225D PL A7 hjLiZ
SOWTCORFEEIT-> 7. K 2ANS, gD 7%
KIENDxTH ) — )V HAHFTEHMP L= PL A
R MERT. =X ) — )V AR TIL, PL
AR MAOE— 7 P EDN 1380nm THDH D
WKL, & (EZEH) TiX 1350 nm & 7V
—Y 7 FLTWA. £, 2OV 7 bMixH
J —IVIESID) 0.7 Torr DFFIZ, Azt =
TWa. ZOY7 bOREZFENEZBERES
MRS Z OEBIE LA EE 72T LU T PL
ARG MIFFRE T H ) — VIEDITHETE L
TR, ZOZEND, SWNTEEHTOT
2 ) =)o OWEEE (X 2(B)) 1%, =%
J =Gy ARl DK FEREG DS B e E &
o, =& ) — R EEEEIERT S ZET
%ﬁ%ﬂ: Ex Dl LB RLTWVWS, =X ) —
sy & SWNT #im & OBfRIX, =%/ —
ﬁj\%kﬁ“571‘/k LCHfETES, =%/
— N E T T 2 R OMEERITISY KX
<@wtw BT X ) — 551 H SWNT
WS D 2 LT =IRATE TIREE L.
L#L X ) =)V K FERE A T
HEHT B Z Lk, Aol xv



—_

A)

6.58x10 (Torr)

17.26x107" "\,
7.09x10°)

6.95x10™"

5.65x1077

1300 1350 1400

Wavelength (nm)

X2 (A #7pnxzs ) —VEKETHEL

72 PL A% kL & (B) SWNT £ CHOT X
J =GO BB O .

Intensity (arb. units)

X =N 572D, K2 TR 22
B e ERBER SN BN EZOND
(EEHEEER ST (6) ).

WIZ, SWNT EHE D45y F12 K DbFER
DN FEEBE LT~ CVD AT OB Tl
B ) =N RET H 2 & T, %&ﬁ%
P22 3T 5. SWNT (3L
ERHEETH DN, b DIEMES %kﬁﬁ
ERT 5 i3 t+aE5 2o, RE~DE
LEETHD. EHERD %&Lf,::fm
JFRAKE (H) Z8M Lz, @EmeEuc
05’/7“7\%‘/745%‘/1\7&m{m& L, %

WZKFBGFATA (Hy ZHLiAte L, # 2
717/§ETK$% DIRNFEAEL, R
FRKFEEES.

X 3|2 PL ~ v 7B DR KB A5
R AT J?%Jd:7kﬂe%ﬁ-§HIJ(A)fi FEH

W E—T N1 DH DL ERDhDNn, %
%%wﬂxtéa IZHTF 54 FE—2 (5KH)
NHBELZZZ ERRTENS., Z0Y T T 1
kB — 21X, @D SWNT 706 D PL RN T
TP EERER THh D VX —HENLH, K
FIRFNREIALFERAE LT Z & 2, K56
Repy PL3ENE LCBHITES Lok
Sl EZ NS, KFEFRTE SWNT O sp’
FHT%Of_FﬁE%ﬁ"ftAj_é& I J)5t

BB sp” FEABINCELL, &
@ LICEVEF ALY UREENE X TS
705 Z LICRKT A (FEEHEEERSC (2) 1.

ZIH O PL 3 YEIEIZ LD SWNT O 434G
REZTIT LT, SWNT EEDOZ D3 PL il
%ﬁw,%@%ﬁ%ﬁwt.%ﬁwﬁ%kb

ZERAFIEIC L > TER L7z 2 L MK
ﬁ%% CVD RFEJRELTZ ) — IV H A%
W=, BRERIETF v o X—NIZT, CVD &
FRIRE 2% 900°C & L, =& 7 —/LIENIT 1
Torr & L7=. Vo 7 VEMRKIEE 1T GHEE 3
ZRWTHRAIL 72, BREEHIET ¥ o R— 0D
E&#X 4R T. £/, CVD TOREIRER
(900 °C) TIXEM M B DBEEH 7358 < PL

2R N ESLZ LT LW, F2T,
CVD &k & PL JIIE &8 0 i LTV, PL A
7 RV 500 °C R E CIRE A T CEHA
L7

X 512% D3 PLEHAICHIE L7 PL~ v
Y. 2O PL ~ v SIIAMERICELEC
HCEHBAIL7ZbDTHD. £0H, KR
LD H AN —FE S FefE SV TUVRW. PL =
TR N — 7 DEEE ST L
T, ZOSWNT DHAZ VT 41XO,7)THY,
EHIZZORBITITMEWEYE N 22
ERghoT-. EHI, oY T I A4 FE—
7Rt ENT, ERICTYy—TRhEe—I RN
/BoHENTWVNDZ EMnD, 20 SWNT DfE S
BIIEFICEWNVLDOTH D LR TE 5. =
DEICZORERETFT ¥ N—NTD
SWNT &%, & 52 PL RIEARYZ MLDF
ORI RPN T 5 Z LN TE T

I HIZ, CVD A EMEYIKL7eH 5 PL &
HZ1To>7=. CVD &% LTW<L T4, PL %
KRN DERTHEINT 5 — ﬁPLx«ﬁ
FABHEHELTLED Z &2, PL AT |y
®@ﬂﬁf~7v7hﬁﬁWéﬂﬁ;:®PL
OB RBLIOE—27 27 NMIHBI DK
£ L72 SWNT L gefih L, & SWNT ~Jihid
RENEMEZITMAEEHICL 2= LY
— WL OERNFR EEZ 6.

5. ERFEERLH

(WFgeEE . #Fgt

E AR

CdEssam 0] (BHeq)

(1) H. Liu H, D. Takagi, S. Chiashi, T.
Chokan, Y. Homma, "Investigation of
Catalytic Properties of A1203 Particles

Gy K OSEEERT IR 1

Excitation Wavelength (nm)

70
1%00 1400 1500

Emission Wavelength (nm)

X 3 SWNT (Zx]7 % - HRAKEW A DR,

(A) JRKFER AR, (B) W&E%D PL <

v 7. ARHITCRLIEE =223, JRRAKHE
WERICBNIZYT 74 FE—7.



s\
e |

4 BUEUTCBRBEHET ¥ N — D
BE.

in the Growth of Single-Walled Carbon
Nanotubes," Journal of Nanocsience
and Nanotechnology, ##iA, 10 (2010)
4068-4073.

(2) K. Nagatsu, S. Chiashi, S. Konabe, Y.
Homma, "Brightening of Triplet Dark
Excitons by Atomic Hydrogen
Adsorption in Single-Walled Carbon
Nanotubes Observed by
Photoluminescence Spectroscopy,”
Physical Review Letters %t £, 105
(2010) 157403-1-157403-4.

(3) K. Yamada, S. Chiashi, T. Takahashi, Y.
Homma, "Effects of atomic-scale
surface morphology on carbon nanotube
alignment on thermally oxidized silicon
surface," Applied Physics Letters, 35wt
£, 96, (2010), 103102-1-3.

(4) R. Xiang, E. Einarsson, H. Okabe, S.
Chiashi, J. Shiomi, S. Maruyama,
"Patterned Growth of High-Quality
Single-Walled Carbon Nanotubes from
Dip-Coated Catalyst," Japanese
Journal of Applied Physics, ##cH 49
(2010), 02BA03-1-02BA03-3.

(5) Y. Homma, S. Chiashi, Y. Kobayashi,

"Suspended single-wall carbon
nanotubes: synthesis and optical
properties," Reports on  Progress

Physics, &ach, 72 (6), (2009), 066502
(22 pp).

(6) S. Chiashi, S. Watanabe, T. Hanashima
and Y. Homma, "Influence of Gas
Adsorption on Optical Transition
Energies of Single-Walled Carbon
Nanotubes," Nano Letters, &t H, 8,
(2008), 3097-3101.

950

— T
5.9y, 5038 02D 0019

900 @ ; SWNT in vacuum
X ; SWNTs encapsulat
wate

i
850

800
750 (11,0
10.2)

700] .

650 L
900 1000 1100 1200 1300 1400 1500 1600

Excitation Wavelength (nm)

Emission Wavelength (nm)

5 SWNT &kicdiT 5% D8 PL &
THEOLNZ PL~ Y 7.

(7) S. Chiashi, Y. Murakami, Y. Miyauchi
and S. Maruyama, "Temperature
Dependence of Raman Scattering from
Single-walled Carbon Nanotubes
-Undefined Radial Breathing Mode
Peaks at High  Temperatures-,"
Japanese Journal of Applied Physics,
HHif, 47-4, (2008), 2010-2015.

(7) S._Chiashi, Y. Homma, "Effect of
ambient gas on the catalytic properties
of Au in single-walled carbon nanotube
growth," Japanese Journal of Applied
Physics, & ¥t A , 474, (2008),
1966-1970.

(PR GHr)

(1) *Shohei Chiashi, "Encapsulation of
Water Molecules 1in Single-Walled
Carbon Nanotubes Observed Dby
Photoluminescence Measurement",
10th International Conference on
Atomically Controlled Surfaces,
Interfaces, and Nanostructures (ACSIN
10), 20094E 10 A 24 H, Granada, Spain.

(2) Shohei Chiashi, "Photoluminescence
Observation of Water Encapsulation in
an individual Single-walled Carbon
Nanotube," 3rd Workshop on Nanotube
Optics & Nanospectroscopy (WONTON
'09), 2009 4£ 6 H 7 H, Matsushima,
Miyagi.

(3) *S. Chiashi, "Ethanol Gas Adsorption
Effect on Photoluminescence Spectra
from Single-Walled Carbon Nanotubes,"
2008 International Conference on Solid
State Devices and Materials (SSDM
2008), 2008 4 9 H 26 H, Tsukuba,
Japan.

(4) *S. Chiashi, "Environmental Effects of
the PL spectra from the suspended
SWNTs," International Winterschool on



Electronic  Properties of  Novel
Materials TWEPNM2008), 2008 4= 3 H
4 H, Kirchberg in Tirol, Austria.

(5) *S. Chiashi, "Adsorption and desorption
of ethanol molecules on SWNT
surfaces," 9th International Conference
on Atomically Controlled Surfaces,
Interfaces and Nanostructures
(ASCIN-9), 2007 4= 11 H 12 H, Tokyo,
Japan.

(F Dfth]
R—B_— U5
http://www. photon. t. u—tokyo. ac. jp/ chia
shi/index. html



