Abstract
The 34™ Fullerene-Nanotubes General Symposium

w3 mETT—1L e ) Fa—T
BEYVIRY T A

TR =S

March 3-5, 2008 Nagoya, Aichi
PR 2043 A3 H~5 B £AEKF

The Fullerenes and Nanotubes Research Society
TI—L e ) TFa—T s



HORIBAI

BETARIXY N
YRFL(IMS) %
ERALTVET

u
ot

£

e
i
dma

-

b

i
=

s

b

-

S

L

.

-

L

mt‘“m

i

,;el"’“

i HiE

il

s

i

-

W

-
i
i

ol
-
“’w:‘c‘c‘

=
i

L

e

e

o

-

.

B

o

i

S

L

i

i

L
o
e

e
S8

.
i

123
i
.

=

e

z;z;?

.

P
.

-

o
=

|

.

ROFLLMERIT
ttp:/ /www

&

-8121
@3 5(03)3861-8231
@ K[ (06)6390

=EOHEMRT 2 TEL(075)313
-0521

2

XEH
£(0298)56

R
7890 @<

601-8510

-
@il £3(022)308~
@1#:5(045)4

it

BB

DHE

iy

r
ot

h

~-8011

-5781

(052)936

OLHE

4433 @EIB(08YT)34

51-2091

2-5041

m(092)47

L]

8143

(082)288

OLE

AT LEFEER

By

e

.

—
,z!,,tzi

ey
i

5t

0

e
Hikhs



Abstract
The 34™ Fullerene-Nanotubes General Symposium

H3ETIT— Ly e F ) Fa—T
A VIR T L

B E AR
The Fullerenes and Nanotubes Research Society

The Chemical Society of Japan

The Japan Society of Applied Physics
The Electrochemical Society of Japan
The Society of Polymer Science, Japan

E: 75—y F I Fa—TER

A . EAR(LERS
WE . ICHPEYS - BRILTS - MO TR

Date:  March 3™(Mon)— 5"(Wed), 2008
Place: = Meijo University
1-501 Shiogamaguchi, Tempaku-ku, Nagoya 468-8502
TEL: 052-832-1151
Presentation: Special Lecture (25 min presentation, Smin discussion)
General Lecture (10 min presentation, Smin discussion)
Poster Preview (1 min presentation, no discussion)

HIEF: k2043 A 3 H(H)~5 H (K)

BHT © AKEFE
T468-8502 ZEHIBEAHEN RKAXMEZED 1-501
TEL : 052-832-1151

TEFHER - KRR (£ 2549 - HEEILE 55)
MR TH (FFE 104 - BEILE 597)
RAX—T L E2— (R 1o -BRE L)



RS R (T A THIE, )

IOPEEMEEESHIRBE
B TAVTRS
TOEILYX (¥)

(%) 7RHATUR

FR)TILiwH

(BH)TUX=HUX

B ALY AT L (B])
(%) B 8Em

FTHhSAT R (¥k)
BARITYY (BT BERE
BAREF (%)

(¥k) Y235 2 4ERT
(¥%)~v/o07x—X
(%) @YW+ /H—R
(B)A—ToFT4—

LEREFEAEER(TFAIITAIE., HFRE)

7oL R (k)
() TRYAITUR
(#%)ATR

T LT RAHERS ()
(B)TVA=H X
(%) M+ & ERT
AR ()

R ALTORSHRTM)—X
(%) EEEAA LR%t
(%) = £ =E

=FEE S %)
DT TILRYYF TR (8D
(%) BES4Em
ARNDGRTG D499 X (¥)
FREE ()
(%) +&
BiERE (K)
L (%)
FThSATRY (%)

(B2 EEBRFHRE

BEB/INIVT D474 (3%)
BAITYY (B TIUYUEBERE

HAREF ()
HAS I (k)
HASH I %)

- (A =EHEBEE
TIVHh—-FILb=H X (¥)
J0 T4 7 h—1R (k)
(B) 702 T4 7 IR
(%) I35 24 4E P
()T FvIR

() 7 YiR—
(%) BIWF/h—R>
(%) UBERI =Rt 32—
B (BR)



Contents

Time Table ~  cccrereeeeerrries 1
Chairperson  «wweresesesesssesssssssssmnsssssssisse i
Program Japanese ........................................ v
Enghsh ....................................... XV
Abstracts Special lecture eeerrereererereenienenn. 1
General lecture ............................ 0
Poster preview ............................ 51
Author Index ....................................................... 201

BEHIR i
PR e i
T T T I FITL e v
T e <V
SR TAE ERIEETE e 1
—RREETE e 0
TR A —FEFZ e, 51



10:
10:

11

13:

13:

14:
15:

16:

17:

18:

Jno4g

5

LB R %

£ 18 B B

:00 BHAEET (AX EL) 4451|353 (Dean Ho) 4 P =% ' 5 (Nikos Tagmatarchis)|9:00
9:00~9:30 9:00~9:30 9:00~9:30
- 30 ) 9:30
—fREE =AY —RREEEMS —fREEA
(F/F2—T 0O (EBREIS—LY) (F/Fa1—TDERERR)
9:30~10:30 9:30~10:30 9:30~10:30
30 A # 10:30~10:45 10:30
45 e e HREE(LE &) 10:45
—hREEE A —RER A 10:45~11:15
(F/Fa—T D) (F5—LVBERETT—LoDIEE) 115
10:45~11:45 10:45~11:45 e :
— R E A
(F/Fa—TOREEEH)
145 11:15~12:15
BE 11:45~13:00
12:15
— ——— BE 12:15~13:30
00| 4FAIGEE2(RE ) JER 13:00~13:30 =
13:00~13:30 == : :
30 HRIGEE4 (R ER) BHAEET(HRE B—) |13:30
T 13:30~14:00 13:30~14:00
(F/Fa—TJntt) ‘ 14:00
13:30~14:45 —iREiEAS RRA—TLE 21—
(N8F/Fr—T-FIHk—) 143 X 5044
14:00~15:00 14:00~15:00
45 K B2 14:45~15:00
00 K Z8 15:00~15:15 15:00
— AR IS —HREEEE
(F/Fa—TOYH) (F/RFERE) RRE—tyay
15:00~16:15 15:15~16:00 15:00~16:20
15 RRA—TLE 21— 16:20
RRA—FLE 12— 14> X 5044
1%\)(5014; 16100""17200
16:15~17:15
15
RAE—tryia
HRA—ry g 17:00~18:20
17:15~18:35
35
3A3H(A) 18:30~BH = _
Fa—rJ7IL 103MKE HRIEE K259 HEESS
15:00~16:30 —i&GEE H&R105> HEESD
BREF FomshEL4E RRA4—TLE1— HR1HD BELL
Y.y



10:
10:

1

13:

13:

14:
15:

16:

17:

18:

:0

(@]

TIME TABLE

Special Lecture (D.Ho)
9:00~9:30

Special Leture (N.Tagmatarchis)
9:00~9:30

General Lecture[4]
(Metallofullerenes)
9:30~10:30

General Lecture[4]
(Formation and Purification of
Nanotubes)
9:30~10:30

Break 10:30~10:45

General Lecture[4]
(Fullerene Solids and
Chemistry of Fullerenes)
10:45~11:45

Special Lecture (Y.Matsuo)
10:45~11:15

Lunch 11:45~13:00

General Lecture[4]
(Purification and Applications
of Nanotubes)
11:15~12:15

Awards Ceremony
13:00~13:30

Lunch 12:15~13:30

Special Lecture(E.Nishibori)
13:30~14:00

Special Lecture (S.Tahara)
13:30~14:00

General Lecture[4]
(Endohedral Nanotubes*
Nanohorns)
14:00~15:00

Poster Preview
1min X [50]
14:00~15:00

10:00

9:30

10:
10:

12:

[y

3

14:

Break 15:00~15:15

General Lecture[3]
(Science of Nanocarbons)
15:15~16:00

Poster Preview
1min X [50]
16:00~17:00

Poster Session
15:00~16:20

15:

16:

Poster Session
17:00~18:20

Special Lecture(Y.Okamoto)
9:00~9:30
30
General Lecture[4]
(Properties of Nanotubes)
9:30~10:30
30
45
General Lecture[4]
(Properties of Nanotubes)
10:45~11:45
145
00] special Lecture (Y.Awano)
13:00~13:30
30
General Lecture[5]
(Properties of Nanotubes)
13:30~14:45
45 Break 14:45~15:00
00
General Lecture[5]
(Properties of Nanotubes)
15:00~16:15
15
Poster Preview
1min X [50]
16:15~17:15
15
Poster Session
17:15~18:35
35
Mon. Mar. 3
Tutorial Room103
15:00~16:30

Dr. Hiromichi Kataura

18:30~Banquet

Special Lectures 25min presentation, Smin discussion
General Lectures 10min presentation, Smin discussion
Poster Previews 1min presentation, No discussion

ii

30
45

15

15

:30

00

00

20



Er—E

3A3H(A) (B FRER)

AL E K
¥ A E EGER) 9:00 ~ 9:30 A B
— % & E 9:30 ~ 10:30 KE S
— & & E 10:45 ~ 11:45 IRE A
¥ OBl 3 OE(RE) 13:00 ~ 13:30 B BE
— i 3 H 13:30 ~ 14:45 AiE O
— & B B 15:00 ~ 16:15 B Rk
RRE—TLE1— 16:15 ~ 17:15 2i (&
RRE—tvi 3y 17:15 ~ 18:35 wH k=
3A48 ()

B E K
¥ Al #E E(Ho) 9:00 ~ 9:30 KB BT
— & & B 9:30 ~ 10:30 WA Fnss
— i 3/ H 10:45 ~ 11:45 MIE K&
¥ Bl & E@ERE) 13:30 ~ 14:00 it $3HE
— i B E 14:00 ~ 15:00 itE B
— B BB 15:15 ~ 16:00 NG B
RRA—TLE 21— 16:00 ~ 17:00 RIR =fH
RRE—tviay 17:00 ~ 18:20 FH B
3A5H (K)

Fr E k
¥ Al B E(Tagmatarchis) 9:00 ~ 9:30 ER A
— R B OE 9:30 ~ 10:30 FRRE IEFE
B oAl B ORMRE) 10:45 ~ 11:15 ik B
— i B E 11:15 ~ 12:15 Hra RiE
# 5 B EER) 13:30 ~ 14:00 mEAR HF
RRE—TLEa— 14:00 ~ 15:00 o &
RRI—tyi 3y 15:00 ~ 16:20 B AL

iii




3A38(A)

WREE RRHD - EREESD
—REE HFRI109 - ERICE5D

RAZ—FTLE 21—

$E7IEEE (9 2 00-9 : 30)

18-1

WORLEE A Oin silicoik 7T
OMARSHH

— %5858 (9 1 30-10 : 30)
F/F 1 —T O

B/ Fa—TIIBTE I Ghand AT vy 7 M
OTFHEM — /R 1k 4 AR — . {F B AbE L

BEHN—RF ) F2—TOBRERBINA~Z ML

1-1

1-2

1-3

1-4

ORF IR, BESEW. AL, hiH 5

RRI17 - BREREBELEL

MUY EERBEB A —K > F ) Fa—T 03y P ) SOETEHRE DR

OmgeRE. Bl =

=RV F ) F =700 & 2 LR HA &8 & B 7L
ORHE—B I EER A LE— Lk, ez

Yerevevedere K

—fgsEE (10 © 4511 : 45)
F/F1—T O

Polyfluorene % f - T, PUE S N2 B RSWNT O % - ERASM ]
OHBFT 4 T4 AN =05, BBIR. RGEU. 27 HEE. EEER, XA ZAiEE

ROV R=Fh— R+ ) Fa—TD=RThE

1-5

1-6

1-7

1-8

ORFE. REE

luil 2

(10 : 30-10 : 45)

igAgigiorate

RO XY ) — VBRI OSBRI F7E F—7MWNTR BT 52 EREERD LA
ORI, M. EH A LD RERE

A=K F ) Fo—TBEENEOREDER

OF IWHME. FLUDER, BIFEAM

Yo B

4EB0SEE (13 1 00-13 & 30)

1S-2

A=K F ) Fa—TDOLSIE 7 Bl H
OFHH—

—H%EEE (13 1 30-14 1 45)
>/ Fa~-TOHH
SRBHEFBREM BT Ry F ) F 2 —TORFETINE
O% A%, Hyung-Joon Shin, Sylvain Clair, JIl & &K
Ag(lOOHBREM B S —KRyF ) Fa—TONY FFyy 7EVal—ay
Qvrearyary 2VL7 VWAL v EHEENGER
TSI BIOF ) Fa—7 I BIAMERTERICET 2 BT REYE

1-9

1-10

1-11

1-12

1-13

O EFM. HARLZ

B

(11 : 45-13 2 00)

[ApigAgkargis

HEA—R V) /) Fa—TORMEFRIFEICRIZT I v ¥ EL T+ 1T —5R
OHBHVEHTZ R, BHE A2 BHEE, ST BRIEE, AL, (L gk

BT /T 21— T OIREMEAER
ORBHBE GALE, GERE BHEL

Yerevedeveve K

l\.aﬂ N

(14 : 45-15 : 00)

iv

YAgAgigioiate

EER

10

11

12

14

15

16

17

18

19

20

21



3A38(A)

— %% (15 1 00-16 : 15)
F/Fa-T O
114 A=K F ) Fa— 7 OBRE~OF PO
O 8k Julifk ke
1-15 HEEEEEIC X ASWNTOME B L US4 0 3F-i
OZZFE PV BRI MR, SR ST, SIEE R, BEH
1-16 H—RrF/Fa—-TH5EHAEROH AL )7 1 KEE
@) RN
1117 BRALEICE B A=KV F 7 F 2 — 7T OEBERGYINT %
ORI, TR, KB M T fREES
1118 5-7EROMIILBA—KVF ) Fa—TOMTER
OFHZE NHER . NEi—

TR Y I Al —va Y

4

RAHZ—FLE21—(16:15-17:15)
RAFZ—tvya3>(17:15-18: 35)

F/Fa—TDEREFER
1P-1  REEZBFEEZHWCNTEE
OHFRL M Z . KB 2 BRI IFI, i 5 FARSEE, MAH e AR 5B

1P-2  SICEEAREID X 5T L7-CNTB RO &K
OFMNFH ILARTTEA HERF

1IP-3 BRERFHAD 7 — 7 WEEICE WVIER LMV 5B — RV F ) Fa—ThbD5E
OZRIRERE EAME = FIAR L, B3 v K

P4 L—YF—77L—2aryBLPACCVDIZL AHBEH —R U F ) Fa—TDERK
OWREHE—, M. SRR AT 3 50 SR

1P-5  Synthesis and Applications of Novel Vanadium Oxide Nanotubes
(OAbhishek Kumar. Nikhil Dhawan

1P-6 EHEZETLVIA-VHIAY)—AFEICIOEB LAY —KR YT/ F 22— T OREREEA
OfFRAER. HART AL, BEER

1P-7  Patterned growth‘ of CNTs through AFM nano-lithography
OFBRZEM, HFA ., LH—2Z

1IP-8 7N a—LVCCVDEEIZ X ACONTEBIZB T A EBMBLN FO A 4 5 1) 5 1 #I"M:
OSARBE. REIER, Mg —. BRIk

1P-9 Ta~v A7 2BV CSICRESRETER LA —RVF /) F 2 =75 — VOTEMBIZE
OFIFZET LR, A L0 LB, i E Bk, e

1P-10 &HIFME L TOF ) Fa—TOREE A S =LA
OFFER. Tk, kR

Z Dt
P11l —B._BELTZRIS 97V OC NNV FIT UV ART MU
OFMZ Rk, Alfonso Reina Cecco. 75 BE#L—ER. Jing Kong. Gene Dressselhaus. and Mildred S. Dresselhaus

F/F1—-TOICH

1P-12 Influence of Cathode-Anode Distance on Field Emission Properties for Bulky CNT Emitters
(OHuarong Liu. Shigeki Kato. Yahachi Saito

1P-13 EEA-SREI R T ) F2—THOBR_EBX v 3V ¥ ~OIBH
OMEEFR. MEE T HARESE. BEFE, LM%

1P-14 SBBA—FRUF /) Fa—TOLBEMNDOEEBEFOBEBE
ORIREM, B B ERA

1P-15 WEbh— R+ ) F2—T %M ET HPET ETONZh AEERTERK
OFEREHE. BHRAZE.E» TWE. PIBE

1P-16 B —FRUF /) Fa—T~DRAY¥ VBEOBRFINEMELIC L 205
OWTFH, 2320, B, HERA

1P-17 EWHEBN D — R F /) F 2 — 7HE L TOFEMEMOR% B
OL =GN {HE TN AT E S N ORI SRS IR 1IN 3 = 2N VAR N RN INERE S &S

v

22

23

24

25

26

51

52

53

54

55

56

57

58

59

60

61

62

63

64

65

66

67



1P-18

1P-19

1P-20

3838 (AH)

H—f =R F ) Fa—77pb ORI O 2 OB B % BB BMEE
OB R, 2l BRI

ALDZE WA A VA =K+ /) F 22— TFETOER
OWEBRR. KREFHEE. BAK, RKIJNES RKEHB 2 KkEE
H—=RrFI)F2—TBRRBLI v ¥y OBFXRENTM
O EFIE . 3R, thEA, R\

F/Fa-—T O

1P-21

1P-22

1P-23

1P-24

1P-25

1P-26

1P-27

1P-28

1P-29

Studying the Same-Handedness in Double-Walled Carbon Nanotubes Using the Dispersion-Augmented
Density Functional Tight Binding Method
(OStephan Irle. Raviprasad Krishnamurthy. Keiji Morokuma

¥4 (DNA/SWCNT) BIE DO E T Wik

OALA B ARG, B bz BB, /AR T i 7% h
572 IBT ATy VIREOBSE

Offe & AME— SRR B 3 — B R — BB, i E R

CoN7 T =L VWA LARYEB I —RyF /) Fa—TEZBA—R ) F 2 — 7 DEIEEENE
Ok e, &7 RAR VEIEIF, &1L =

Embedding of Carbon Nanotubes on Silicon substrates for use in Solar Cells

(OAbhishek Kumar. Nikhil Dhawan

12T — 7 BB L DY v TNt =V h =KV F ) F 2= T DR

O KM RSV, BRSO, A 25 I AR AN, AT 2S5 1. Al VL5 —
H—KrF ) Fa—TmOBFREEGTFHNFIab—Yar

O Tts, N, BEEEA

H—=RYF ) Fa—TZBIBHAT v F 4 Y% —hsoBEEH~OMER OB
OFFERFR, FIDME R B 3, AKRE T Erik Einarsson. LIS, & H5 5 BRAR

F 7 Fa—TREORHEREFR L7 H VR LEEHOREHS
O%BAT i 31, Miklos Kertesz

&ERYTI—-L >

1P-30

1P-31

1P-32

1P-33

1P-34

1P-35

Ce,@C s BLUFDr £ FAUBRIZB T 2NELBETORM

OB, EEF R, TRESUE. 5T HE. R, S RBEE. D ARE SR, KR

AA YT BH =N, FRET T — L ¥ D C NMRIFSE

OUIEHF, il = B 2Kk, HREEEL, 5 D8, R, Markus Waelchli, % 5 AR E 3, K%

La@Cgk 7 0Ny ¥ I L U FHEAAD KIE .
%Vﬂ%‘%\ B AR S S Ak, Y BEUE. ABEA LD BRNIE. RE A, LA S B ARE S, kil

STMIEE 2 H OBEFEALLA2EBNE 7 7 — L ¥ Ce,@CyyDE A TS

ORB—#. BIHEEFRHHE . R FE R AR RS THE8, i B BEAR
ERNE 75— L ¥Sc,N@C, Mxt e E

© IR N::F

INVETLALRE N —54 FNE T 5 —L ¥ (Er,C,) @C,, D BIAFMICBIT B 7 — D A4 KA
Oz, GHBsgs. MFEd., KB ER. KA F, L B8 H M, BEAL

AgF/Fa1—-7

1P-36

1P-37

1P-38

1P-39

1P-40

NEMEETFEMSEICL2 75— L Yy ORERE
OMEBEHER. R AR, REEE, Mgl HaEE

SEEBALYICE B a—F 1 ¥ ZBNF / F o — T OHFEWE
OYang Huang, M B M Chengchun Tang, Chunyi Zhi, R, Dmitri Golberg

BEA—FRYF ) F2—TANDORY) A ¥ ORI
Oy £ 50 B HRAR

insitu XEHEIC L 2 F 72 ¥ —FKy FERRISOBH
OnuiEsF. ALl B, B0 2. U 38 E, Frilsg ik, SO0, R AL

FITFr T L= RIBICEBERT /) 74X —NEI— KR+ /) Fo—TDEIH
OS5 RER . JLil B AHRBE K, B A M

vi

68

69

70

71

72

73

74

75

76

77

78

79

80

81

82

83

84

85

86

87

88

89

90



1P-41

3A38(A)

SIEI T/ TAX—NEH — RV T F 2 — TGO REL
O/NEB, K EF A RS AN SCR

1P-42 BtV L F /) I4 XY —2NA LA — KRy Fo—TOERE

O/NNRER AL B AVREER, 7R KB R A

P43 A—HRV) /) Fa—TNRTOMBEEE» HOBEH—K )/ F 2 —THER
OfF bt 35 RE—B AR

A

1P-44 SWNH as an Effective Delivery System for Macromolecule Anti-cancer Drugs
OXu Jianxun, Yudasaka Masako, Zhang Minfang, Jijima Sumio

1P-45 H— RV F /h— ORI LAD SNAEBRILY F1) = A
ORHIZER. HHIHET. SN, B, SR HEEE

1P-46  F / sk — 2 THEELL 72X L v + OBESIKIUE ORI R R
OfBAMER, B TS SRE R HEED

1P-47 ZnPc—F /K=Y ~FEHAEF /I NA T v B2 IIEEROE Y AT 7 VEHE
ORI A LER RIBALT v 7 - Y 7 BRI S REES

1P-48  fbBEIEIERE & BEMAMRHR A IS X 2T A & 7 — VARREIIL i~ O E -
OFNIR B8, IR B A LA S AR B — B 338119 S0 AR B, 3 TS5 — I L, RN, 75 1IA05E . =l
Jaih . A L (L R A

1P-49 MBI X %5/ k— Y OILOBM
77 v Yy . OBHIGET. B SERR MEEM. REED

1P-50 G —K ¥ F ) Fx— > OBFRNEGEE

B OB HBCHET RRY URES

vii

91

92

93

94

95

96

97

98

99

100



L2yl

2S-3

3848 (k)

HAsEE RHER25SD - ERIEEZSD
—MEE K109 - EREESD
RRE—-TLE1— RIS -BRELEELRL

SEE(9:00-9: 30)

Applications of Nanodiamond Hydrogels Toward Biology and Medicine
Houjin Huang. Erik Pierstorff. Eiji Osawa. and ODean Ho

—fi%sE3 (9 1 30-10 : 30)
£EANG7S—-L

2-1

2-2

2-3

2-4

TNA vFE =V HCHBEE S T EOLu@Cyic B2 b Y A VG~ ¥ s
ORRAH, ﬂﬁérﬁﬂ /J\?Hiﬁ«i ARSI AN PRETS, hAEE BE A BB

LuNa 75 —1 Vi BB OHERE
OF=1143' F%#—Eqi /fﬁﬂﬁﬁx WA B R, EIE AL, H AR

Pr,@Cqgy & LaPr@Cy,® °C NMR D52
OFf kY BEER, RER 2T 5 ARME = 85— Ak ER

EEA =AM FNAT T — L ¥ Sc,C@C4 (C,y) D
OHBHE . IS H 1 &R K TR A BT HEE ., FREE Markus Waelchli, 5-BE{8 i, 2 AR HE L, KR

Yevedevedese & B (10:30-10:45) Sevedeyedol

—fR5E= (10 : 45-11 : 45)
T75—LEEETS—L L DEE

2-5

2-6

2-7

2-8

77— L YEELBT L EFIREERAUEOZRR
OREME, ZHIFE REEE 275

Chemical modification on a non-IPR metallofullerene . La,@C;,

OXing Lus U758, T RHUL . T HEE AR i 2 AR E L KR

KFESTH LC6O®%EE#% M
OfFHEBC. RAE. BB B KRR A HSEKER, /NMsE— . PR SNBSS o, SR P i

ZRTCCey R ) = — DL T H R AR
O L ME—BR. &

Yeyredrdiey B B (11:45-13100) Yedoredolol
Yevedoiedole BER (13:100-13:130)  Yededolniol

A&7 (13 1 30-14 : 00)

28-4

BRI T — & ORBBITICESL EBNE 7 I — L v ok
OVaYE IR

—f%EEE (14 1 00-15 : 00)
RAEBF/Fa—-TF k-

2-9

2-10

2-11

2-12

F A=A AL E BT 5 B —RAUKEHE O S
OBRFEM BEER. VY =22 5 2 B E L., PR~

PN — Ry F/ F 2 —TDEHKE 70 — THMETH~DIGH
OIAFKH, BREERE ., HARE, HH A, EH—2

HIE T~V BLORERIDRIE 2R A V5 FOBETHE
OFtn

TIJETHEE LR F 2 h—VERENT 4 Y vORERENSEBRE
OB 77— F &IV h R EE A ER. BB EZ, P R— GHIE - HEES

Idrvedodeye F 8 (15:00-15:115)  Sedededesiesy

viii

27

28

29

30

31

32

33

34

35

36

37

38



3848 (k)

—AREEE (15 1 15-16 : 00)

F/ RBFE
213 797z URYD I A TSN

OEBHE - AHB 2 REERE. BHE. &2 39
214 TI—LUVEOBMBES LY U H—NL FERGLLEEY—FK U F /B T EVOAER

OAF#, FEFE R, TR 40
2-15  BOEM—HiF VAV EY Fef@RER L TACVDY A4 Y ¥ N#EBE Q) T FikoFime

ORRZERME, L BRI, I ERHEE. Oliver A. Williams. A 41

RZA—FLE 21— (16 2 00-17 : 00)
RAH—+vy 3> (17 :00-18 : 20)

F/Fa—-TOEREER
Pl BEZERTNI-NH A —RAE LB — RV F ) F =T HENOBIET N I=Z T ANy T 7 BORE
OHEmT IBREE. KAB. HEZ LIS, IRER 101

P2 ERMEEERL72EA T PR TER LR — R Fa—TOFRETH

2P-3  BEARECOMRCBOYTERE REA— R F ) F =T E L R EA] - B AR OB AL

OMATZE = HFFTE. e B A B0, S ACRT 2. A7 k., B i shE 103
P-4 FLEVIY v INEVRAFAEZHVAREREBCNTY + LA FOREOHIHEE FMm

OffEH. ZE Fr BT HEER. 8B 104
2P-5 FTIRIZE AT A I—LCVDDH A5H

OB E. §HARFE, KBAM., HLILER 105
2P-6 MgOEWR FAD2BBIU3BH —KRyF /) Fa—T0OKE

OWEsEE A R W, REIAE . Ay HEG. VERILE, —BlRZ. BB 106
2P-7  TWEEMEA ) ORI F FEMBA LR F 2T O

O FE AL, AR, 2B A B s, B 107

2P-8 Toward Single Structure of SWNTs: Simultaneous Enrichment in (n,m) and the Optical Purity of SWNTs
through Extraction with Carbazole-Bridged Chiral Diporphyrin Nanotweezers

(OXiaobin Peng. Naocki Komatsu, Takahide Kimura. Atsuhiro Osuka 108
2P-9  ACCVDEETO &M & o 72l & HFOSWNTSAE BRI RIT T RR MG R OEE

O HER . HARE=. BB, FA%RER 109
2P-10 L—UEBBEICILZBINNERBERB I —KRVF ) Fa2—TOEK

OBRFRIL. MR 110
2P-11 7 — 7 WBEIC L ASWCONTHEEO /R

O=4REE, TS, - b o, Al 111

F/Fa—TDA

2P-12 Nitrogen and oxygen plasma functionalization of carbon nanotubes for photovoltaic device application
(OGolap Kalita, Sudip Adhikari, Hare Ram Aryal.Rakesh Afre, Tetsuo Soga. Maheshwar Sharon, Masayoshi Umeno 112

2P-13 TAAINDF UTI AT A G YBEHNZ L BT pnER S A 4 — FOEK

OQFRF . IMpE R, KBEE, Bl =, WA= 113
2P-14 W —RrF ) Fa—T7 UVELEBIBEEEGHROEREF /4 7)Y ML NG =V 20T
O » 2RZ B E A, IR E R 114

2P-15 BILLEIC LB BE S — R YT/ F 2 — TORKEHOMN & BRILFEF ¥ 3V F Y ADUE
OAFF4 F VX7 7874 7Y BEE PR, ILEEE, 738 N> BRE@ S, TR, B F

H R EES 115
2P-16 SWCNTE 7 7 —L ¥ o R L7oRE £V

OfABM AR EEEE, FFRIM.FOEX 116
2P-17 R LRY ) F 2 — T ORmBRERIEFIIRER

O R BH ] 117
2P-18 Density increase of well-dispersed single-walled carbon nanotubes by laser trapping

(OThomas Rodgers. Satoru Shoji, Satoshi Kawata 118
2P-19 W — KV F ) Fa—TIZRE LRSS L B0 A 2 alORE

O¥W O — EBFIEA 119

ix



2P-20

2P-21

3848 (k)

CNT-FET/N A F & > 4 — B ) i B R B AR A 1

OFpEb e % H v 2 BB RARNE

KB L 72SWCNTsOFETH

ORECRARER, /IMATE L, 25 6 E AR e T IR, BB C

F/Fa-T DY

2p-22

2P-23

2P-24

2P-25

2P-26

2P-27

2P-28

2P-29

2P-30

75 72T 7 b AEZOEEGERDETHEE
ORGSR 77 e 21

By —R > F2—-TORRTIIBIT28EME
Ok ke K ER, BFHE B — KR, Jie Jiang. Gene Dresselhaus, Mildred S. Dresselhaus

AT NGV CRIRANCIL 5 L 72 28R — R ) F 2.— T DR =Y 7 BRI - B ARTMVEAL
OBfER. ZRIEE. DT Y 154

EAR Y — NEBSER A =R F ) Fa—TBRGFEU LT VDA 5 ORE — NI BINE
OS82 A R

Hg7 —R 2 F JF 2 =T8T 53R EIRE & A AHREAIRE R
O IR & B HSEIL EME 5 HFEFE, hilishE, Zksh ]

TNFRy 2 F = NN =K ) F 2= TIEEARET O
OREFRAT, B AT R, BB B

Sit /) Fa—TOWEFEF L VEEF ) Fa—T

ORMMEE
SRBH—KyF ) Fa—TDII VAT VVIIRIZTEBRO RS
O 2 ARILTHAT, PINE = W E A

SEBIVFERME Y —F U+ ) Fo—ToREBES< 450
O HEFE M2, BEE &, FrifsiE

&ERTI5—-L >

2P-31

2P-32

2P-33

2P-34

2P-35

2P-36

Tz ruua Yy I kv 7mLa@Cy, & La@Ce DAL E 5

OBHEE. NBA LY EBHUE. AP, Zdenek Slanina, Michael T. I Liu. i 2 AR 3E, A&l %
TG—LUADFA MLy OBRMAI & 5T PREEAT

OMHEYET ABFER RHEAZ HHBE, A5 A E D . HBEUL, B HE. BE &, ARBE. Xingfa Gao. 7K %
LiN[60] 7 5 — L » OHPLCH

OWEHAE M HER L FAT RIFR S MEE MR ZE. NP — REESE, 5002 FHEZ

L S LTS ot % BRI & L 72S0,Cy@Ce, DB EAER M 45 — R X DT

ORIELE. F LEHF

N@Cg, St
OZINFF B ARAEE—BE ARER AR DR A SEAPRTE  GHIE IR, B % 3% 3, Klaus-Peter Dinse

ERETIET T — L ¥ ORISR
OFHEHAT & TR, Bl =

R/ HWTF

2P-37

2P-38

2P-39

2P-40

2P-41

2P-42

Zffi4 A Y2 FHLLHFIURS S 7 = v OFE
OBARZ.Hong Zhang

RAL7 =) F UAERUT B 5 R O
BEBABA O BB, AR AT

WEMBRIA VIERBLI Yy 257 ) ¥—2 g

OMEEF S
RN AL DT ART PIVIZBIT L ILELR
ORI HRIE P 25 AT

TP PIAVHIIBTE7 9774 bOL—HF—F7 T =Y a VICEVERT YT /K[ >
OREHER R RZ . EWAE
WAREBEFICBIILTZS 774 bDL—F—F7 T L= g V2L VEETAY Y7/ R)AL
OBE B2, BRS5EH, HRARE

120

121

122

123

124

125

126

127

128

129

130

131

132

133

134

135

136

137

138

139

140

141

142



77—

2P-43

2P-44

2P-45

2P-46

2P-47

2P-48

2P-49

2P-50

3848 (k)

L 0%
TLaL FBEUORAY ) 79—V &R YT Y L ODiels-Alder SUG I BV % HE s N
ORI % BLAH, LA AR, KB

B —huy Bk EHVERERT T — L vk RRGUBRLY OPIRRLRERFiff
OMABT T IR DARE, FRBRIL KBTS

ITOBM FI2BT 57017 9 — L v HEROILE R FIE
O—KRFEE MEE, i g—

TI—=LyanihIVFF L UEROGRE YT
OHlESR R E, fffs—

75 =LY EERRELEW O FO7 Y — b s ft { Friedel-Crafts 7 & F WAL RUE
OB, BRI R, ADARBE, KBTS
7

I — L Y TEENY 7V ORTLFEE & KERTEDHIEH
OAMED, B2k, ER R 2, A —

79— L YRIEWO— EHBRE I LR LRSI X B Mgt
OBUR BT Tl et BRICTF | U HICHE T SRS

B T COHuisgenfTMBALIG 2 H W27 5 — L V- BHEABOERK
ORI 5 A T2 VY VTV B EL, V=N —F— ¥ — 7 — FE—

xi

143

144

145

146

147

148

149

150



3B5H (K)

BREE RRBD - BRIEESD
—hgEE X109 - ERELZESSD
RA4—-TLE1— HFR15% - BREWELL

455305858 (9 1 00-9 1 30)

38-5

Chemical Modification of Carbon Nanohorns
(ONikos Tagmatarchis

— %5858 (9 1 30-10 X 30)
F/Fa—TDERE LB

3-1

3-2

33

3-4

EHLOTHVEREZ I ODEE IRV F /) Fa—TORES T
OBk e R BRI ZRIL H

BB B RFEM B O R R
ORAKE NFREEH . H HLBP ISR S5 AR B F7 A

ACCVDIZ L A BEFREMSWNTER O T F L v & Hni- i
QS KH, BRIEH . Erik Einarsson. = PVHEE A B —. SLilE kR

FHRBFMERORIL: B CHMBHIERSNIEHY 7 7 2 v LT/ F 2 — 7 OB e
oFi PR N3 I NIE LS g

Yevevedeye A B (10130-10:45) Yedevokvew

HERZEE (10 - 45-11 : 15)

38-6

77— L Y EREEOBTH - LB AR
Otk &

—gsEE (11 1 15-12 1 15)
F/Fa-TOREEIGH

3-5

3-6

3-7

3-8

BALIC BT B2B A —KR Y F ) F 2 — TOREMR
O HEE, B EE. RN

FUVEBREKSICLZHEEY — Ky ) F 2 —TOLE Rk, 6
O &%, & MHFE, FriniE

B — R+ ) F 2—7 ~ polybenzimidazole &R 0 Fr ik vk 5
ORA%. BE» 7 lE. PR E K

ABZEAEMATE I & D g 2 AL L 72 IRBURCNT € 7 OBUE O KR,
O AMFRRR A LIRHR AW 22, 1 45 RBR. B B3, IR A, BB #h . B

HYeekyeyr B OB (12:15-13:30) yedeiodese

45705853 (13 1 30-14 : 00)

38-7

NECOF /5727 7Y —FfE~AOR Y # A
OHEE—

RAZ—TULE 21— (141 00-15: 00)
RAXZ—tv< a3 (15:00-16: 20)

F/Fa—TDEREFER

3P-1

3p-2

3pP-3

3P-4

B TSR EEIC L DR A — R Y T F 2 — 7T ORIREB R
OFHE, RAHF, ElF. 5)IEH AEEE

Hgh =RV F 7 F 2 —T DR ERFRE R A %) 2 e
OWHE R A 59, DB

KAt EEE L ET LB — RV F ) F 2 — T O RMEERBEOMTE
OF3E 51 N2 e NGV VAN

T4y F A=~ b L7 (Fe.Co)MofiEIZ & B H — KV F /) F 2 — T OLFRMHERE
ORI ESE, B, NABE SRESR RER, ILAE

xii

42

43

44

45

46

47

48

49

151

152

153

154



3P-5

3P-6

3p-7

3P-8

3P-9

3P-10

3P-11

3P-12

3H58 (k)

BEAHREEMNECI A BB ) Fa—T 00
Of#BEE MR SHAE EES, il

FEANEG 7 — R F ) F 2 — 7 HAE RO 2 OB R R T
OFEANZ2. BHE. LR LD Hik R

A=K F /) Fa—TEREREOE: =5 OB
OB B & RIRAE, AL e, (LT gk

WHEMEA ) IRTFFFOH—R Y+ Fa—T L OMEEIEH
O/NEFE, IARE, R EW, =/ sl HE, H B EEE EAREY

B EMESN TS LA BERR ) —FR ) Fa—-TRE
OmERE. BARE, B2, IR HEE

74 v 72—t L7z (Fe.Co) PRI X 2 7 — KRV F /) F 2 — TOLELRMEERE
OB FR . A KA Bl s HREE AR

ACCVDIRIZ L B EHEAR A — R F ) Fa—TEHERIIBITLLY ) —LHRORE
OXRMNE, > v o Al

RELIE L7284 T4 M A7 B2 AR R B LoD Tl B A — K 2 ) Fa—T DR
O/NFRBER, AL B i A

F/Fa1—TDIEH

3P-13

3P-14

3P-15

3P-16

3P-17

3P-18

3P-19

3P-20

H—=RyF ) Fa2—TBEFFy bDOFIALYEFRE

O&)NBET MEF e, LD ABEFEE

MHEESFF—CILL BB —KF ) F2—TDOHE

Ot AMER. £ #E3E, 42T, FiliehE

GaAs/AlGaAs2RICBET W AEN FIER LA —R v F /) Fa—THET TV IRS
O B R B L, TG, ABEE

BALICEDSCHEBY — Ry + ) F 2 —TOBIINT A I VEF Y AF bl a— 2 EOFIRR
OFRH= AEBE, AHRE. BT

WFFEMBETICBU LA 7 THEEF v TN TOI—RF ) Fa—TDHIEL B
OB E A IR~ B A

BRI F =T OREE YN T 55

ORE#AF. NHEBE, AHEE. RBET

Sy F ARy P —ZSWNT-FETIZBIT A2 {Ar Y — LBt OR)E

OMEREBA FREE K —F AFER

BEMEMNMLUI A =R F/ F 2 —FWBT B A F 2 EBEE OB RN
OREZA.FEER. Kk

F/Fa—-T DY

3p-21

3p-22

3P-23

3P-24

3P-25

3P-26

3p-27

3p-28

3P-29

SWNTOET F )V ¥ — B SHEE o Bl E58K

OIBFFL AT REFHF. PR ER

FH-arciEEIZ X ASWNTsOE B & U°F < » 4635
OB A XA FE ESRREAR, 227k 20

YR =K Y F ) F o= T R A L REREE TR
O RS AR I KU | BN, TR P AL 53

SEM@{%&:J:Z)%’gf]—yj:‘/-)-/_f_l_7¢0)ﬁ?%é\¥m
OJIITE . FR I = ke e B R S FELLIF 4T

BE7AR TN =T RBT B —R U F ) F a—T OO CEMEE) v MR TS T ORI 7 TH R
OF LB —. i85 —5R

H—R13F /) F 2 —TORE & 3
O 2 B SE KRE EAE — I RA AB=ER

FEHEER I R F ) Fa—TOEET~ 5%
OREE.ERBEFE. Y v 7 24 F Ny 2 AR

SFEHREFICLLEBY R F ) Fa—TWBT L7 5 YRR
OVGHF 118, 15 S — B8, ALl R

BEABEMEEC L AN AT 4 v ZRERFOSWNT R B A
OEBERE. /IEREMNZE, IEKL

xiii

155

156

157

158

159

160

161

162

163

164

165

166

167

168

169

170

1M

172

173

174

175

176

177

178

179



3A5H (%K)

3P30 F/E—ERy FhoEBLI2BI—RUF ) Fa—T05v  HELIBEART PV E DI

OQEp WA, A, P IEE | MRE. Zajin Shi, HEEH 180
Z DOt
3P-31 H—RVF/Fa— TERENER L TOMBEE

BAEAN OkAtE—H. SRERD Ay F BHREE &1 181
3P-32  SICRWM RIS X 5 BEEYSICHAD 5 OCNTHED &K

OF Tz i, (A TeEL, 58, e 1 182
3P-33 VFIAAF Y RBHMABM ELTON—-KIF /T4 —

OdvH g FA M s, kg — B E S 183
3P-34 HEickaEEsSS 7 7 4 ol

OMN-ERa AL, IRA S 184

3P35 RHLA—RYF /a4 NET 4=V FLI y FINOIH I
OB JEUHE— F6 ML TURE S B EE LR R B — B S UL 5 A e, L R, O, = G S5 LA

BE2Z2 fHS 185
P36 FIUBRIEALCZBRAT S 7o vEBEOSE —HARTIREEHE

ORMEH, FHEIEE 186
3P37 H—RUF ) Fa—TLERRENLORDILILERFEOEK

OBARER] HHREEW, KT HE 187
3P38 75—Vl BLITI— L UHEEROMBIEYE

OF B DA SNIFE. HERZ LB — KB 188

75—V ER -BR7S5—-L >
3P-39 TATFOA REEOBBIIGIZE BRES T A ¥ —HK (BT IVER)

O=Z&EHE . EANE 189
3P40 BEFEHEFEO7S—L O RLVF—F L BFRE

ORHY 190
77 —L EE

P-4l BFTNA AHCHEDENL 7+ 1Y — -
OMBEEZ KBEEFEE FHETE, KA EHG= EHRE BB IE, D — RREA T EE 7 )

e~ 191
P42 NV TLERAL VY —d L— b L72Cy B D RIE T Ok

O F 7). HRF, SF/#4. s HEE 192
P43 Cob TR R—F AN —F U OBRERF v VI EER

OB TR NIGEET 193
3P-44 it BT HRIEA Co OB AURES

OF- BERA ERE—., LB, FARMZ. B EE E68— 194
P45 KFEALICL D 75—V UMEOR— VIR OB R CoH, BT 2 HERNETZE

OfER . N HEA R EE 195
3P-46 AN EBACEOMCI2E H W BB TET O/ BLEEHT

OO — EREZ HEEL, SHER, MER T O\EES 196
3P-47 WEHCHFEART AW BlE I EREE NS VR 5

OEREBEZ AREEE ROF—, FHEE. MED - AHEE 197
3P48 GPat — % — CH#E LCo EMENOEHBET L — ¥ —-BERRE

OB HES, RRETE, SR RS M. IARE 198
3P-49 BT TOCHEER & Co ER RO BB L — — BT R

OffE s, ZHEEE. B, g HEE AR 199
3P-50 MBREAMF MU T ABRMT 5 — L VLA WNa Coy DBER AR

OXREF T, AR 200

xiv



March 3rd, Monday

Special lecture : 25 min (Presentation) + 5 min (discussion)
General lecture : 10 min (Presentation) + 5 min (discussion)
Poster preview : 1 min (Presentation), no discussion

Special lecture (9 : 00-9 : 30)
1S-1  Insilico catalyst design for fuel cells
OYasuharu Okamoto

General lecture (9 : 30-10 : 30)
Properties of Nanotubes

1-1 Phonon softening effect on Raman G-band spectra of metallic single wall carbon nanotubes
ORiichiro Saito, Ken'ichi Sasaki, Kentaro Sato, Jin Sung Park
1-2 Electroabsorption spectroscopy in single wall carbon nanotubes

OHideo Kishida, Yoshiaki Nagasawa, Sadanobu Imamura, Arao Nakamura

1-3 Photoluminescence brightening through the direct transition from isolated to bundled freestanding single-walled
carbon nanotubes
OToshiaki Kato, Rikizo Hatakeyama

14 Multiexciton recombinations and exciton fine structures studied by a single carbon nanotube photoluminescence
spectroscopy
COKazunari Matsuda, Tadashi Inoue, Yoichi Murakami, Shigeo Maruyama, and Yoshihiko Kanemitsu

Ty T vy sy Coffee Break (10 : 30-10 : 45) Yeyrvoivoix

General lecture (10 : 45-11 : 45)
Properties of Nanotubes

1-5 Optical and electrical properties of semiconducting SWNT extracted using polyfluorene
OS. Kazaoui, N. Izard, K. Hata, T, Okazaki, T. Saito, Y. Sato, K. Suenaga, Y. Futami, N. Minami
1-6 Three dimensional effects in the boron-doped carbon nanotubes

OTakashi Koretsune, Susumu Saito
1-7 Conductivity Enhancement of Boron-Doped MWNTSs Synthesized from Methanol Solution Containing Boric Acid
OSatoshi Ishii, Tohru Watanabe, Shunsuke Tsuda, Takahide Yamaguchi, Yoshihiko Takano

1-8 Recent progress of study of carbon-nanotube superconductivity
OJunji Haruyama, Shigeo Maruyama, Hisanori Shinohara

e vy Yoy Lunch Time (11 : 45-13 : 00) Yeyeyoikseys

Special lecture (13 : 00-13 : 30)
1S-2  Carbon nanotube LSI via interconnects
OYuji Awano

General lecture (13 : 30-14 : 45)
Properties of Nanotubes
1-9 Local electronic structure of a carbon nanotube on metal surface
OYousoo Kim, Hyung-Joon Shin, Sylvain Clair, Maki Kawai
1-10  Long-ranged bandgap modulation of SWCNT on Ag (100)
OHyung-Joon Shin, Sylvain Clair, Yousoo Kim, Maki Kawai
1-11  First Principles Calculations for Electronic Properties of Diffusing Oxygen Atoms on the Surface of Graphene and
Nanotubes
OTakazumi Kawai, Yoshiyuki Mivamoto
1-12  Field Emission Properties of Single-Walled Carbon Nanotubes with a Variety of Emitter-Morphologies
OYosuke Shiratori, Koji Furuichi, Suguru Noda, Hisashi Sugime, Yoshiko Tsuji, Zhengyi Zhang, Shigeo Maruyama,
Yukio Yamaguchi
1-13  Magnetoresistance of the Metallic Nanotubes observed by Contactless Method
OYugo Oshima, Hirotaka Suzuki, Yoshihiro Iwasa, Hiroyuki Nojiri
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March 3rd, Monday
e e yr Coffee Break (14 : 45-15: 00) Yok Yok vesk

General lecture (15 : 00-16 : 15)
Properties of Nanotubes
1-14  Influence of surrounding materials on heat conduction of carbon nanotubes : Molecular dynamics simulations
OJunichiro Shiomi, Shigeo Maruyama
1-15  Specific Surface Area Measurement for Purity and SWNT Selectivity Analysis
ODon N. Futaba, Jundai Gotou, Takeo Yamada, Satoshi Yasuda, Motoo Yumura, Sumio Iijima and Kenji Hata
1-16  Chirality Dependence on Destabilizing Agents Added to CMC-stabilized Carbon Nanotube Dispersions
OHiroshi Saito, Masahito Sano
1-17  Electrochemical and Diameter-selective Cutting of Carbon Nanotubes
OShigekazu Ohmori, Takeshi Saito, Satoshi Ohshima, Motoo Yumura, Sumio lijima
1-18  Bending deformation of carbon nanotubes caused by a five-seven pair couple defect
(OKei Wako, Tatsuki Oda, Masaru Tachibana, Kenichi Kojima

Poster Preview (16 : 15-17 : 15)
Poster Session (17 : 15-18 : 35)

Formation and Purification of Nanotubes

1P-1  Growth of Carbon Nanotubes by Carbon Transmission Method
OTakeshi Hikata, Kazuhiko Hayashi, Tomoyuki Mizukoshi, Yoshiaki Sakurai, Itsuo Ishigami, Takaaki Aoki, Toshio
Seki, Jiro Matsuo

1P-2  Synthesis of Radially-Aligned Carbon Nanotube Powder by SiC Surface Decomposition Method
OKazuo Yoshikawa, Motohiro Yamamoto, Michiko Kusunoki

1P-3  Photoluminescence of mono-dispersed single-walled carbon nanotubes made by using arc-burning method in
nitrogen gas atmosphere
OTakashi Mizusawa, Shinzo Suzuki, Toshiya Okazaki, Yohji Achiba

1P-4  Production of SWNTs by Laser Ablation and ACCVD
OShin-ichi Kodama, Atsushi Ikeda, Yuki Masuo, Tetsushi Murakami, Tomonari Wakabayashi

1P-5  Synthesis and Applications of Novel Vanadium Oxide Nanotubes
(OAbhishek Kumar, Nikhil Dhawan

1P-6  Time Dependence of Carbon Nanotube Growth by Gas Source Method using Alcohol in High Vacuum
OKenji Tanioku, Tomoyuki Shiraiwa, Takahiro Maruyama, Shigeya Naritsuka

1P-7  Patterned growth of CNTs through AFM nano-lithography
OChien-Chao Chiu, Masamichi Yoshimura, Kazuyuki Ueda

1P-8 A Study on Chirality-Selectivity of Metal Catalyst Particles in CNT Synthesis by Alcohol-CCVD
OShogo Suzuki, Hideki Sato, Koichi Hata, Kazuo Kajiwara

1P-9  TEM observetion of Carbon Nanotube Pattern fabricated on SiC (000-1) using Ta mask
OYoko Hozumi, Yo Yamamoto, Midori Mori, Takahiro Maruyama, Shigeya Naritsuka, Michiko Kusunoki

1P-10 Growth mechanism of carbon nanotubes over gold-supported catalysts
(ONaoki Yoshihara, Hiroki Ago, Masahary Tsuji

Miscellaneous
1P-11 G' band Raman Spectrum of Single, Double, and Triple Layer Graphene
OJin Sung Park, Alfonso Reina Cecco, Riichiro Saito, Jing Kong, Gene Dressselhaus, and Mildred S. Dresselhaus

Applications of Nanotubes

1P-12 Influence of Cathode-Anode Distance on Field Emission Properties for Bulky CNT Emitters
(OHuarong Li, Shigeki Kato, Yahachi Saito

1P-13  Applcations of vertically well-atigned CNT films in capacitors
OHaruo Kato, Michiko Kusunoki, Shigeyuki Sugimoto, Kunihiro Sugihara, Noriyoshi Shibata

1P-14  In-situ observation of welding process of a muti-walled carbon nanotube to metal surface
(OKaoji Asaka, Hitoshi Nakahara, Yahachi Saito

1P-15 Formation of Honeycomb Structure on PET Using Soluble Carbon Nanotube
ONobuo Wakamatsu, Hisayoshi Takamori, Tsuyohiko Fujigaya, Naotoshi Nakashima
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1P-16

1P-17

1P-18

1P-19

1P-20

March 3rd, Monday

Investigation of Methane Adsorption on MWNTSs Using Field Emission Microscopy (FEM)
OfTetsuya Yamashita, Koji Asaka, Hitoshi Nakahara, Yahachi Saito

Culture of osteoblast-like cells on transparent conductive thin films with carbon nanotubes
OTsukasa Akasaka, Atsuro Yokoyama, Makoto Matsuoka, Shigeaki Abe, Motohiro Uo, Yoshinori Sato, Kazuyuki Tohji,
Takeshi Hashimoto, Fumio Watari

In situ TEM study on field emission property of an isolated CNT
OKensuke Okumura, Koji Asaka, Yahachi Saito

Fabrication Process of Carbon Nanotube FETs Using ALD Passivation for Biosensors
OYasuhiro Nakashima, Yutaka Ohno, Shigeru Kishimoto, Mina Okochi, Hiroyuki Honda, Takashi Mizutani

Electron Optical Evaluation of Carbon Nanotube Field-Emitter
OTakumi Kono, Koji Asaka, Hitoshi Nakahara, Yahachi Saito

Properties of Nanotubes

1P-21  Studying the Same-Handedness in Double-Walled Carbon Nanotubes Using the Dispersion-Augmented Density
Functional Tight Binding Method
OStephan Irle, Raviprasad Krishnamurthy, Keiji Morokuma

1P-22  Electronic propertes of hybrid (DNA/SWCNT) thin film
OVYusei Maruyama, Satoru Motohashi, Masayuki Tanaka, Biao Zhou, Akiko Kobayashi, Hironori Ogata

1P-23 Theory of superconductivity by the edge states in graphene
OKen-ichi Sasaki, Masahiro Suzuki, Riichiro Saito, Seiichiro Onari, Yukio Tanaka

1P-24  Electrical transport properties of azafullerene Cs5,N encapsulated single- and double-walled carbon nanotubes
OY F Li, T. Kaneko, S. Nishigaki, and R. Hatakeyama

1P-25 Embedding of Carbon Nanotubes on Sificon substrates for use in Solar Cells
OAbhishek Kumar, Nikhil Dhawan

1P-26  Synthesis of single-walled carbon nanotubes by arc plasma reactor with twelve-phase alternating current discharge
OT Matsuura, Y. Kondo, N. Maki, Y. Ito, K. Matsumoto, N. Tamura, Y. Taira, R. Ehara

1P-27 Electronic structures at edges of carbon nanotube and molecular dynamics simulations
OHirofumi Sakashita, Tatsuki Oda, Nobuhisa Fujima

1P-28 Phase transition from Tomonaga-Luttinger liquid states to superconductive phase in carbon nanotubes.
OMasaharu Matsudaira, Junji Haruyama, Naoyoshi Murata, Yuko Yagi, Erik Einarsson, Shigeo Maruyama, Toshiki
Sugai, Hisanori Shinohara

1P-29 Cooperative behaviors in carbene additions through local modifications of nanotube surface
OTakashi Yumura, Miklos Kertesz

Metallofullerenes

1P-30 Location of the Metal Atoms in Ce,@C,4 and Its Bis-silylated Derivative
OMichio Yamada, Takatsugu Wakahara, Takahiro Tsuchiva, Yutaka Maeda, Takeshi Akasaka, Kenji Yoza, Naomi
Mizorogi, Shigeru Nagase

1P-31  "CNMR Spectroscopic Study of C-enriched Carbide-encapsulated Scandium Metallofullerenes
OYuko Yamazaki, Koji Nakajima, Takatsugu Wakahara, Tsuchiya Takahiro, Yutaka Maeda, Takeshi Akasaka, Markus
Waelchli, Naomi Mizorogi, Shigeru Nagase

1P-32  Reaction of La@Cy, with Cyclopentadiene Derivatives
OSatoru Sato, Yutaka Maeda, Koji Inada, Michio Yamada, Takahiro Tsuchiya, Midori O. Ishitsuka, Tadashi Hasegawa,
Tukeshi Akasaka, Tatsuhisa Kato, Naomi Mizorogi, Shigeru Nagase

1P-33 STM-tip Current Induced Polymerization of Ce,@Cy, Metallofullerenes
OKazunori Ohashi, Nobuyuki Fukui, Masahiro Akachi, Takao Akachi, Hisashi Umemoto, Yasuhiro Ito, Toshiki
Sugai, Ryo Kitaura, Hisanori Shinohara

1P-34 Relative Stability of Metallofullerenes Sc,N@C,,
OHong ZHENG, Qian XU, Xiang ZHAO

1P-35 Cage Size Dependence on Photoluminescence Properties of Erbium-Metal-Carbide Metallofullerenes : (Er,C,) @C,,

OMasahiro Akachi, Yasuhiro Ito, Toshiya Okazaki, Yutaka Ohno, Takashi Mizutani, Ryo Kitaura, Toshiki Sugai,
Hisanori Shinohara

Endohedral Nanotubes

1P-36

Orientation of individual fullerenes inside carbon nanotubes determined by aberration-corrected electron microscopy
OYuta Sato, Kazu Suenaga, Shingo Okubo, Toshiva Okazaki, Sumio Iijima
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March 3rd, Monday

1P-37 Coating of BN nanotubes with metal oxides using novel ethanol-thermal method
(OYang Huang, Yoshio Bando, Chengchun Tang, Chunyi Zhi, Takeshi Terao and Dmitri Golberg
1P-38 Adsorption Efficiency of Polyynes into Single-Wall Carbon Nanotubes
OTetsushi Murakami, Tomonari Wakabayashi
1P-39  Direct Observation on Formation Process of Nanopeapods by in-situ X-ray diffraction Measurements
OYuko Kato, Ryo Kitaura, Shinobu Aovagi, Eiji Nishibori, Yasuhiro Ito, Makoto Sakata, Hisanori Shinohara
1P-40 Fabrication of Metal-Nanowire in Carbon Nanotube Via Nano-Template Reaction
ONaoki Imazu, Ryo Kitaura, Keita Kobayashi, Hisanori Shinohara
1P-41 Optimization of Conditions for Formation of Carbon Nanotubes Filled Perfectly with Copper Nanowire
(OAkira Koshio, Naoki Mizuno, Hironobu Kito, Fumio Kokai
1P-42  Synthesis and Characterization of Carbon Nanotubes Encapsulating Erbium-Chrolide Nanowires
ODaisuke Ogawa, Ryo Kitaura, Keita Kobayashi, Takeshi Saito, Satoshi Ohshima, H. Shinohara
1P-43  Nucleation of an SWNT from a catalytic metal cluster inside a carbon nanotube template : MD simulations of DWNT formation
OYoshifumi Izu, Junichiro Shiomi and Shigeo Maruyama
Nanohorns
1P-44 SWNH as an Effective Delivery System for Macromolecule Anti-cancer Drugs
OXu Jianxun, Yudasaka Masako, Zhang Minfang, lijima Sumio
1P-45 Gd oxide particles confined inside single-wall carbon nanohorns
ORyota Yuge, Masako Yudasaka, Toshinari Ichihashi, Jin Miyawaki, Tsutomu Yoshitake, Sumio Ilijima
1P-46  Effect of compression pressure on the electrical resistivity for the pellet formed from nanohorns
(OYuhei Fukunaga, Manabu Harada, Sunji Bandow, Sumio lijima
1P-47  Anticancer Effect of ZnPc-Nanohorn-Protein in vivo
OMinfang Zhang, Masako Yudasaka, Tatsuya Murakami, Kumiko Ajima, A. D. Sandanayaka, Osamu Ito, Kunihiro
Tsuchida, Sumio Iijima
1P-48 Influence of formation technique of catalyst layer and addition of conductive material on performance of direct methanol
fuel cell
Ovyuuki izumi, kennzi shinohara, masanobu yamamoto, shinnichirou oke, hirofumi takikawa, ikuo sakakibara,
syuuichi sugawara, nobuyoshi aoyagi, takashi ookawa, kazuo yoshikawa, mituharu miura, shigeo ito, tatuo yamaura
1P-49  Close-open-close evolution of holes in single-wall carbon nanohorns caused by heat treatment
Jing Fan, OMasako Yudasaka, Jin Miyawaki, Ryouta Yuge, Takazumi Kawai, Sumio Iijima
1P-50 Intravenous Toxicity of Single-Walled Carbon Nanohorns

Jin Miyawaki, OMasako Yudasaka, Minfang Zhang, Sumio Iijima
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March 4th, Tuesday

Special lecture: 25 min (Presentation) + 5 min (discussion)
General lecture: 10 min (Presentation) + 5 min (discussion)
Poster preview: 1 min (Presentation), no discussion

Special lecture (9 : 00-9 : 30)
2S-3  Applications of Nanodiamond Hydrogels Toward Biology and Medicine
Houjin Huang, Erik Pierstorff, Eiji Osawa, and ODean Ho

General lecture (9 : 30-10 : 30)
Metallofullerenes
2-1 Scanning Tunneling Spectroscopy Mapping of a Single Lu@Cg, on Alkanethiol Self Assembled Monolayer
OYuhsuke Yasutake, Keijiro Kono, Norihiro Kobayashi, Masachika Iwamoto, Hisashi Umemoto, Yasuhiro Ito,
Haruya Okimoto, Hisanori Shinohara, Yutaka Majima
2-2 Estimation of the amounts of transferred electron in Lu-entrapped Metallofullerenes
OTakafumi Miyazaki, Ryohei Sumii, Hisashi Umemoto, Haruya Okimoto, Toshiki Sugai, Hisanori Shinohara, Shojun Hino
2-3  “C NMR Study of Pr,@Cy, and LaPr@Cy,
OManabu Ito, Shiho Nagaoka, Takeshi Kodama, Yoko Miyake, Shinzo Suzuki, Koichi Kikuchi, Yohji Achiba
2-4 Structure of metal-carbide endoheadral metallofullerene Sc,C,@C;, (Csy)

OKoji Nakajima, Yuko Yamazaki, Takatsugu Wakahara, Takahiro Tsuchiya, Yutaka Maeda, Takeshi Akasaka, Markus
Waelchli, Kenji Yoza, Naomi Mizorogi, Shigeru Nagase

T Y Yrveve Coffee Break (10 : 30-10 : 45) Yeyoyrseseyy

General lecture (10 : 45-11 : 45)
Fullerene Solids and Chemistry of Fullerenes

2-5 Discovery of the atomic-carbon-insertion reactions for fullerene growth
OTeruhiko Ogata, Tetsu Mieno, Yutaka Shibi, Yoshio Tatamitani
2-6 Chemical modification on a non-IPR metallofullerene : La,@C,,

(OXing Lu, Hidefumi Nikawa, Takahiro Tsuchiya, Yutaka Maeda, Takeshi Akasaka, Naomi Mizorogi and Shigeru Nagase

2.7 Physical Properties of H, Endohedral Cg,
OKatsumi Tanigaki, Takeshi Rachi, Ryotaro Kumashiro, Yasujiro Murata, Koichi Komatsu, Toru Kakiuchi, Hiroshi
Sawa, Yoshimitsu Kohama, Satoru Izumisawa, Hitoshi Kawaji, Tooru Atake

2-8 Pressure-Induced Structural Phase Transition of Two-dimensionally polymerized Cg,
OVYuichiro Yamagami, Susumu Saito

vy veve e Lunch Time (11 : 45-13 : 00) Yevslededeyr
FYCVO Y ve Awards Ceremony (13 : 00-13 : 30) Yok yoiesx

Special lecture (13 : 30-14 : 00)
2S-4  The structures of endohedral metallofullerene by the systematic structural studies from SR powder diffraction data
OEiji Nishibori

General lecture (14 : 00-15 : 00)

Endohedral Nanotubes*Nanohorns

2-9 Imaging of Transportation of Single Hydrocarbon Chain through Nano-sized Pore
OTakatsugu Tanaka, Masanori Koshino, Niclas Solin, Hiroyuki Isobe, Eiichi Nakamura

2-10  Synthesis of Pd-filled CNTs for the tip of SPM
OTomokazu Sakamoto, Chien-Chao Chiu, Kei Tanaka, Masamichi Yoshimura, Kazuyuki Ueda

2-11  Electronic Structure of Polyyne Molecules by Resonance Raman and Optical Emission Spectroscopy
OTomonari Wakabayashi

2-12  Photoinduced Charge-Separation of Carbon Nanohorns with Porphyrin Connected via Amino Group
OO0samu Ito, Atula Sandanayaka, Yasuyuki Araki, Takatsugu Tanaka, Hiroyuki Isobe, Ei-ichi Nakamura, Masako
Yudasaka, Sumio lijima
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March 4th, Tuesday

T Yy ve Coffee Break (15 : 00-15 : 15) Yoiryriviesy

General lecture (15 : 15-16 : 00)
Science of Nanocarbons

2-13

2-14

2-15

Non-collinear Magnetic Phase Diagram of Graphene Nanoribbons
OKeisuke Sawada, Fumiyuki Ishii, Mineo Saito, Susumu Okada, Takazumi Kawai

High temperature treatment of carbon fullerene soot and formation of multi-shell carbon nano-capsules filled with La carbide
OKazunori Yamamoto, Takatsugu Wakahara, Takeshi Akasaka

Monodisperse Single-Nano Diamond Particles as Seeding for CVD Diamond Thin Films. 1. A New Seeding Technique
OSachio Inaba, Takashi Tarao, Masaaki Kawabe, Oliver A. Williams, Eiji Osawa

Poster Preview (16 : 00-17 : 00)
Poster Session (17 : 00-18 : 20)

Formation and Purification of Nanotubes

2P-1

2P-2

2P-3

2P-4

2P-5

2P-6

2P-7

2P-8

2P-9

2P-10

2P-11

Effect of Al oxide buffer layer on SWNT growth using alcohol gas source in high vacuum

OTomoyuki Shiraiwa, Shigenori Numao, Osamu Oishi, Nobuyuki Nishi, Takahiro Maruyama, Shigeya Naritsuka
Dispersion and Separation of Single-Walled carbon nanotubes prepared by using metal-catalysts supported on Zeolite
OMasahiro Hashimoto, Yutaka Maeda, Tadashi Hasegawa, Makoto Kanda, Takahiro Tsuchiya, Takatsugu Wakahara,
Takeshi Akasaka, Yuhei Miyauchi, Shigeo Maruyama, Jing Lu, Shigeru Nagase

A protocol to remove surfactants and gradient media from metallic and semiconducting single-wall carbon nanotubes in
density gradient separations

OKazuhiro Yanagi, Yasumitsu Mivata, Yuta Sato, Zheng Liu, Kazutomo Suenaga, Takeo Ishida, Hiromich Kataura

Diagnostics and Control of Growth of Vertical-aligned Carbon Nanotube Forest by Using a Telecentric Optical System
OSatoshi Yasuda, Don N. Futaba, Motoo Yumura, Sumio Iijima, Kenji Hata

FT-IR Gas Analysis for Alcohol Catalytic Chemical Vapor Deposition
OTomohiro Shimazu, Yoshinobu Suzuki, Hisayoshi Oshima, Shigeo Maruyama

Growth of double- and triple-walled carbon nanotube on MgO substrate

ORyoji Naito, Toshiya Murakami, Yuki Hasebe, Kenji Kisoda, Koji Nishio, Toshiyuki Isshiki, Hiroshi Harima
Purification of Carbon Nanotubes by Amphiphilic Oligopeptides

OShinya Masuhara, Atsushi Yamamoto, Yosuke Miura, Yasushi Maeda, Shin Ono

Toward Single Structure of SWNTs : Simultaneous Enrichment in (n, m) and the Optical Purity of SWNTs through
Extraction with Carbazole-Bridged Chiral Diporphyrin Nanotweezers
OXiaobin Peng, Naoki Komatsu, Takahide Kimura, Atsuhiro Osuka

Effect of density of carbon supply on the synthesis of small diameter SWNTs by ACCVD method using platinum as
catalyst
OkKeisuke Urata, Sinzo Suzuki, Hiroshi Nagasawa, and Yohji Achiba

Toward the selective production of metallic SWNT by the laser ablation method
OYasuhiro Tsuruoka, Yohji Achiba

The synthesis of the single-walled carbon nanotubes films by DC arc discharge
OZhh. Li, Hf. Wang, S. Inoue Y. Ando

Applications of Nanotubes

2P-12

2P-13

2P-14

2P-15

Nitrogen and oxygen plasma functionalization of carbon nanotubes for photovoltaic device application

OGolap Kalita, Sudip Adhikari, Hare Ram Aryal, Rakesh Afre, Tetsuo Soga, Maheshwar Sharon, Masayoshi Umeno
Formation of nano pn junction diode via alkali-halogen plasma jon irradiation

OlJun Shishido, Toshiaki Kato, Wataru Qohara, Rikizo Hatakeyama, Kazuyuki Tohji

Novel Carbon Nanotubes/Photopolymer Nanocomposites with High Conductivity and Application to Nanoimprint
Photolithography

COTsuyohiko Fujigaya, Takahiro Fukumaru, Naotoshi Nakashima

Increase of surface area of super-growth single-walled carbon nanotubes via opening, resulting in improved electrochemical
capacitance

QAli Izadi-Najafabadi, Kenji Hata, Tatsuki Hiraoka, Takeo Yamada, Don N. Futaba, Satoshi Yasuda, Osamu Tanaike,
Hiroaki Hatori, Motoo Yumura, Sumio Iijima
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2P-16

2P-17

2P-18

2P-19

2P-20

2P-21

March 4th, Tuesday

Photovoltaic cell made of single wall carbon nanotubes and fullerenes

OTatsunori Kuranoto, Toru Arai, Shingo Nobukuni, Yoshikazu Shimote, Tetsuji Moriguchi
Precise Optical Detection of Mechanical Vibration of Cantilevered Carbon Nanotubes in Air
OShun Fukami, Seiji Akita

Density increase of well-dispersed single-walled carbon nanotubes by laser trapping
OThomas Rodgers, Satoru Shoji, Satoshi Kawata

Effects of Microwave Radiation on Heat-resistive Proteins Adsorbed on Carbon Nanotubes
OHirokazu Horiguchi, Masahito Sano

Dependence on Insulator thickness for sensitivity of Carbon Nanotube Field-Effect Transistor Biosensor
OMasuhiro Abe, Katsuyuki Murata, Tatsuaki Ataka, Kazuhiko Matsumoto

FET Properties of Exohedrally Modified SWCNTSs
ORyotaro Kumashiro, Naoya Komatsu, Tatsuya Saito, Takeshi Akasaka, Yutaka Maeda, Nagao Kobayashi, Katsumi Tanigaki

Properties of Nanotubes

2p-22

2P-23

2P-24

2P-25

2P-26

2P-27

2P-28

2P-29

2P-30

Atomic structures of graphene adatom and its aggregation

OTomaofumi Hashi, Mineo Saito

Environmental effect on excitons of single wall carbon nanotubes

(OKentaro Sato, Riichiro Saito, Jie Jiang, Gene Dresselhaus, Mildred S. Dresselhaus

Spectroscopically probed doping processes in semiconducting single-wall carbon nanotubes selectively isolated
using polyfluorene

ONobutsugu Minami, Yoshisuke Futami, Said Kazaoui

Response of Carbon Nanotube Field Effect Transistors to Vibrating Gate Using Scanning Gate Microscopy
(OKosuke Hata, Yoshikazu Nakayama, Seiji Akita

Third-order nonlinear optical properties and phase relaxation time in single-walled carbon nanotubes
OMasao Ichida, Yumie Kiyohara, Shingo Saito, Yasumitsu Miyata, Hiromichi Kataura, Hiroaki Ando
Multi-backgate control of carbon nanotube double quantum dot

OTomoyuki Mizuno, Hideyuki Maki, Satoru Suzuki, Yoshihiro Kobayashi, Tetsuya Sato

Design of Si Nanotube : New Multi-shalle Nanotubes

OSusumu Okada

Influence of Diameter on the Raman Spectra of Multi-Walled Carbon Nanotubes

OHiroyuki Nii, Yoshiyuki Sumiyama, Hamazo Nakagawa, Atsuhiro Kunishige

Resonance Raman spectroscopy of metallic and semiconducting single-wall carbon nanotubes
OYasumitsu Miyata, Kazuhiro Yanagi, Yutaka Maniwa, Hiromichi Kataura

Metallofullerenes

2pP-31

2P-32

2P-33

2P-34

2P-35

2P-36

Chemical Derivatization of La@Cyg, and La,@Cg, with Phenylchlorodiazirine

OHaruka Enoki, Midori O. Ishitsuka, Takahiro Tsuchiya, Takeshi Akasaka, Zdenek Slanina, Michael T. H. Liu, Naomi
Mizorogi, Shigeru Nagase

[2+1] Cycloaddition of Nitrene onto [60]fullerene : Interconversion between an Aziridinofullerene and an Azafulleroid
OMitsunori Okada, Tsukasa Nakahodo, Hiroyuki Morita, Toshiaki Yoshimura, Midori O. Ishitsuka, Takahiro Tsuchiya,
Yutaka Maeda, Hisashi Fujihara, Takeshi Akasaka, Xingfa Gao, Shigeru Nagase

HPLC Purification of Li Endohedral [60]Fullerene

OTakeshi Sakai, Hiroshi Okada, Fuyuko Yamashita, Kenji Omote, Yasuhiko Kasama, Kuniyoshi Yokoo, Shoichi Ono,
Hiromi Tobita, Rikizo Hatakeyama, Masayuki Toda

Electron Transport Properties of Sc,C,@C,, Using the Encapsulated Sc,C, Moiety as an Electric lead, First-Principle Study
(OShinji Usui, Noritaka Inoue

Photophysical Properties of N@C,,

OHidefumi Nikawa, Yoichiro Matsunaga, Takeshi Akasaka, Tatsuhisa Kato, Yasuyuki Araki, Osamu Ito, Masafumi ATA,
Klaus-Peter Dinse

Synthesis of High Purity Nitrogen Atom Encapsulated Fullerenes

(OShohei Nishigaki, Toshiro Kaneko, Rikizo Hatakeyama

Carbon Nanoparticles

2P-37

Detection of single atomic layer of graphene by highly charged ion
OYoshiyuki Mivamoto, Hong Zhang
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2P-38

2P-39

2P-40

2P-41

2P-42

March 4th, Tuesday

Effect of heat-treatment temperature on preparation of carbonized ferritin
Masato Tominaga, OKatsuya Miyahara, Kota Nakao, Isao Taniguchi

Chlorine-End-Capped Polyyne : Formation and Characterization
OYoriko Wada, Tomonari Wakabayashi

Resonance Effects in the Raman Spectra of Polyynes

OYohei Ami, Tomonari Wakabayashi

Cyanopolyynes Formed by Laser Ablation of Graphite in Acetonitrile
OTakaki Haseba, Yoshihiko Kashihara, Tomonari Wakabayashi

Dicyanopolyynes Formed by Laser Ablation of Graphite in Liquid Nitrogen
OYoshihiko Kashihara, Tokaki Haseba, Tomonari Wakabayashi

Chemistry of Fullerenes

2P-43

2P-44

2P-45

2P-46

2P-47

2P-48

2P-49

2P-50

Kinetic study in Diels-Alder reactions of fullercids and methanofullerenes with various 1, 3-dienes
OYasunori Susami, Hiroshi Kitamura, Ken Kokubo, Takumi Oshima

Evaluation of Antioxidant Activity of Water-Soluble Fullerene Derivatives and Natural Antioxidants by f -Carotene

Bleaching Assay
OKyoko Togaya, Tadashi Goto, Ken Kokubo, Hisae Aoshima, Takumi Oshima

Photoelectrochemical Properties of [70]fullerene derivatives on ITO
OTakahiko Ichiki, Yutaka Matsuo, Eiichi Nakamura

Synthesis and Property of Fullerene Cobalt Dithiolene Complexes
OMasashi Maruyama, Yutaka Matsuo, Eiichi Nakamura

Hydroarylation of Fullerene with Aromotic Compound and Subsequent Friedel-Crafts Acetylation Reaction
OShinya Tochika, Yui Sol, Mai Kato, Ken Kokubo and Takumi Oshima

Surface Functionalization of Fullerene Bilayer Vesicles and Study of Water Permeability
OTatsuya Homma, Koji Harano, Hiroyuki Isobe, Eiichi Nakamura

Singlet Oxygen Generation Efficiencies of Water-Soluble Fullerenes and Their Photo-Induced Cytotoxicity
OYoko Iizumi, Toshiya Okazaki, Minfang Zhang, Masako Yudasaka, Sumio lijima

Synthesis of Fullerene Glycoconjugates via a Copper-Catalyzed Huisgen Cycloaddition Reaction
OKaimei Cho, Niclas Solin, Daniel B. Werz, Hiroyuki Isobe, Peter H. Seeberger, Eiichi Nakamura
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March 5th, Wednesday

Special lecture: 25 min (Presentation) + 5 min (discussion)
General lecture: 10 min (Presentation) + 5 min (discussion)
Poster preview: 1 min (Presentation), no discussion

Special lecture (9 : 00-9 : 30)
38-5  Chemical Modification of Carbon Nanohorns
ONikos Tagmatarchis

General lecture (9 : 30-10 : 30)

Formation and Purification of Nanotubes

31 Intensity enhancement of intermediate frequency Raman mode (IFM) by the presaence of very small diameter SWNTs
OYohji Achiba, Yasuhiro Tsuruoka, Keisuke Urata

32 Mechanism of Gold-Catalyzed Carbon Material Growth
ODaisuke Takagi, Yoshihiro Kobayashi, Hiroki Hibino, Satoru Suzuki, Yoshikazu Homma

33 Acetylene Assisted Fast Growth of Vertically Aligned Single Walled Carbon Nanotubes in Alcohol Catalytic Chemical
Vapor Deposition
ORong Xiang, Jun Okawa, Zhengyi Zhang, Erik Einarsson, Yohei Miyauchi, Yoichi Murakami, Shigeo Maruyama

3-4 Discovery of Novel Carbon Structure : Graphene Multi-Layers Spontaneously Formed on the Top of Aligned Carbon Nanotubes
ODaiyu Kondo, Shintaro Sato, Akio Kawabata, Yuji Awano

TR T Yo vc e Coffee Break (10 : 30-10 : 45) Yoyryrsevesx

Special lecture (10 : 45-11 : 15)
3S-6  Electronic and Photo-electrochemical Functions of Fullerene-Metal Complexes
OYutaka Matsuo

General lecture (11 : 15-12 : 15)

Purification and Applications of Nanotubes

3-5 Stability of Double Wall Carbon Nanotubes on Oxidation
OHiromichi Yoshida, Toshiki Sugai, Hisanori Shinohara

3-6 Separation of Metallic and Semiconducting Single-Wall Carbon Nanotubes by Gel Electrophoresis
OTuakeshi Tanaka, Hehua Jin, Yasumitsu Miyata, Hiromichi Kataura

3.7 The New Feature Development of Carbon Nanotubes-Polybenzimidazole Composite
OMinoru Okamoto, Tsuyohiko Fujigaya, Naotoshi Nakashima

3-8 Reduction of low-temperature-growth-CNT via resistances using inner layers by Chemical Mechanical Polishing
OKentaro Ishimaru, Daisuke yokoyama, Takayuki Iwasaki, Shintaro Sato, Takashi Hyekushima, Mizuhisa Nihei, Yuji
Awano and Hiroshi Kawarada

P Y yeve Lunch Time (12 : 15-13 : 30) Yryeseivsiese

Special lecture (13 : 30-14 : 00)
3S-7  Review of Nanotechnology R&D in NEC
OShuichi Tahara

Poster Preview (14 : 00-15 : 00)
Poster Session (15 : 00-16 : 20)

Formation and Purification of Nanotubes
3P-1  Growth characteristics of single-walled carbon nanotubes at low temperature by low-pressure chemical vapor deposition
OHiroshi Yoshida, Masahiro Asakura, Shu Watanabe, Takao Shiokawa, and Koji Ishibashi

3P-2  Effective catalyst diameter for extended growth duration of single-walled carbon nanotubes
OTakashi Uchida, Hiroshi Sakai, Akira Yamazaki, Yoshihiro Kobayashi

3P-3  RHEED Study on Growth Process of Carbon Nanotubes by Chemical Vapor Deposition
OHidetoshi Nagatsu, Koji Asaka, Hitoshi Nakahara, Yahachi Saito
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3p-4

3P-5

3pP-6

3p-7

3P-8

3P-9

3P-10

3p-11

3pP-12

March 5th, Wednesday

Carbon Nanotube Growth with Dipped (Fe, Co) Mo Catalysts by Chemical Vapor Deposition

ODaisuke Ishizuka, Takayuki Yanai, Hiroki Okuyama, Katsumi Uchida, Nobuyuki Iwata, Hirofumi Yajima, Hiroshi Yamamoto
Sorting of double-walled carbon nanotubes using density-gradient ultracentrifugation.

OShingo Ina, Kazuhiro Yanagi, Yasumitu Mivata, Yutaka Maniwa, Hiromichi Kataura

In-situ Monitoring and Kinetic Analysis of Millimeter-Thick Single-Walled Carbon Nanotube Growth

(OKei Hasegawa, Suguru Noda, Shigeo Maruyama and Yukio Yamaguchi

Crucial Role of Gas-Phase Pyrolysis of Etylene in Rapid Growth of Carbon Nanotubes

ORyuhei Ito, Suguru Noda, Toshio Osawa, Shigeo Maruyama, Yukio Yamaguchi

Interaction of Amphiphilic Oligopeptides with Carbon Nanotubes

(OShin Ono, Atsushi Yamamoto, Shin-ya Masuhara, Yosuke Miura, Yasushi Maeda, Kishio Hidaka, Hiromitsu Miyamoto
Growth of super-long straight CNTs by highly dense catalyst particles

ORyogo Kato, Tasuku Maki, Takayuki Iwasaki, Hiroshi Kawarada
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In silico catalyst design for fuel cells
OYasuharu Okamoto'*”

"Nano Electronics Research Laboratories, NEC Corporation 34 Miyukigaoka, Tsukuba,
Ibaraki, 305-8501, Japan
*Institute for Solid State Physics, University of Tokyo, 5-5-5, Kashiwanoha, Kashiwa
277-8581, Japan
SCREST, Japan Science and Technology Agency, 4-1-8 Honcho Kawaguchi, Saitama, Japan

Oxygen-reduction reactions (ORR) are basic reactions in electrochemistry and are
closely related to the cathodic reactions in proton exchange membrane fuel cells (PEMFCs),
where one O, molecule is reduced to two H,O molecules on Pt or Pt alloy particles that act as
electrocatalysts. Minimizing Pt particle size has been a key to the development of
electrocatalysts for PEMFCs because it helps make the best use of the precious metals such as
Pt by maximizing the surface-to-volume ratio of the particles, and the minimum Pt particle
size is currently 2 nm (about 300 atoms). Calculations based on density-functional theory
(DFT) have suggested that the minimum size of the Pt particles could be further reduced to
1.5 nm (about 150 atoms) [1]. The further reduction of particle size deserves consideration
because the behavior of adsorption energies on an atom or clusters comprising only a few
atoms is quite different from that on clusters comprising dozens of atoms.

In this study, DFT calculations were done to find metal dimers that catalyze O,
reduction [2]. A metal dimer embedded in a graphite sheet with a six-membered-ring carbon
vacancy was treated as a model electrocatalyst structure. First, dimers suitable in terms of
stability and electrocatalysis were selected from among Nip, Ru,, Pd,, Pty, and Au,. Under the
assumption that the efficiency of electrocatalysis is estimated by the O, and O adsorption
energies on the dimmers, Pt; and Pd, were selected. Then a series of first-principles molecular
dynamics (FPMD) simulations was performed to confirm electrocatalysis of Pt, with regard to
O, reduction. Pathways that lead to H,O are normal and favorable, while pathways that lead
to HOOH are unfavorable. It was found that O,(ads), OOH(ads), O(ads), and OH(ads) can be
respectively reduced to OOH(ads), HOOH, OH(ads), and H,O. It was noted that HOOH
formation on the Pt; is quite different from the ORR on Pt(111) where an FPMD simulation of
ORR on Pt(111)/H,O interface showed that OOH(ads) spontaneously and immediately
decomposed into O(ads) and OH(ads) after the first reduction of O,(ads) to OOH(ads)
completed [3]. This difference was attributed to the bond breaking reaction energy of
OOH(ads) — OH(ads) + O(ads): The reaction on Pt, is endothermic, while that on Pt(111) is
exothermic. Further improvements in the catalyst model are needed if we are to find a
pathway from HOOH to H,O or to cause 4e- reduction from O, to H,O without intermediate
formation of HOOH.

[11Y. Okamoto, Chem. Phys. Lett., 429, 209 (2006).

[2] Y. Okamoto, J. Phys. Chem. C. (in press).

[3]1Y. Okamoto, unpublished.

Corresponding Author: Yasuharu Okamoto
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Carbon nanotube LSI via interconnects
Yuji Awano

MIRAI-Selete, Fujitsu Limited, Fujitsu Laboratories Ltd
Morinosato-Wakamiya 10-1, Atsugi 243-0197, Japan

Carbon nanotubes (CNTs) offer unique properties such as highest current density, ultra-high
thermal conductivity, ballistic transport along the tube and extremely high mechanical
strength with high aspect ratio of more than 1000. Because of these remarkable properties,
they have been expected for use as future wiring materials to solve several serious problems
of conventional Cu interconnects, for examples, electro-migration, high resistance, heat
removal and fabrication of a small-sized via in future LSIs. In this paper, we report present
status of Multi-walled CNT (MWNT) growth technologies and the potential of metallic CNT
vias. In particular, we demonstrate our original catalytic nano-particle technique for the
diameter and density control growth of MWNTs. We were able to lower the MWNT growth
temperature to 400°C, which meets the requirement to avoid thermal damage to LSIs. We
have succeeded in forming a 40-nm-diameter via with the MWNT density of 9E11/cm2,
which is the highest density ever reported. The electrical properties of the CNT vias fabricated
by our damascene process which is mostly compatible with conventional Cu interconnects are
also discussed. From the temperature dependence of via resistance, we discuss the possibility
of ballistic transport in CNT vias. Our low-temperature planar CNT via technologies are very
promising for the achievement of low-resistance scaled-down CNT vias in future LSIs beyond
hp32nm technology node.

This work was partly completed as part of the MIRAI Project supported by NEDO.

References:

1. Y. Awano, S. Sato, D. Kondo, M. Ohfuti, A. Kawabata, M. Nihei and N. Yokoyama, Phys. Stat. Sol. (a) 203,
No. 14, pp. 361 1-3616 (2006)

2. M. Nihei, T. Hyakushima, S. Sato, T. Nozue, M. Norimatsu, M. Mishima, T. Murakami, D. Kondo, A.
Kawabata, M. Ohfuti and Y. Awano, Proceedings of IEEE International Interconnect Technology Conference
(IITC), June 4-6, 2007.
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Applications of Nanodiamond Hydrogels Toward Biology and Medicine

Houjin Huangl’z, Erik Pierstorff'?, Eiji Osawa’, and Dean Ho'**

'Department of Biomedical Engineering, Northwestern University, Evanston, lllinois, USA
’Department of Mechanical Engineering, Northwestern University, Evanston, Illinois, USA
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* Corresponding Author: d-ho@northwestern.edu

Nanodiamonds serve as a versatile class of nanomaterials with significant advantages that can be
applied toward drug delivery and cellular interrogation with unprecedented capabilities. Their high
surface area-to-volume ratio enables therapeutic loading capacities that are several times higher than
existing methodologies (e.g. liposomes, polymersomes), and their aspect ratios and stability confer an
innate biocompatibility to the diamond particles that generate an amenable response when interfaced with
surrounding biological material. This study demonstrates the application of nanodiamonds toward the
treatment of cancer and inflammation using multiple form factors that include particle, film, and device-
based methodologies. Because of the unique nature of the onset and progression of diseases that include
cancer, inflammation, etc., a suite of strategies that include widespread (particle), as well as localized
(device, film) drug elution enable versatile clinical responses. Therefore, this work aims to realize
nanodiamonds as foundational materials for nanoscale medicine.

Chemotherapeutic-functionalized nanodiamond particles were fabricated through the interaction
of Doxorubicin hydrochloride (Dox) with water-suspended nanodiamonds. Dox is a clinically relevant
chemotherapeutic that displays a systemic, or generalized form of activity that induces apoptosis, or cell
death in healthy as well as diseased cells. Therefore, the ability to deliver Dox in a controlled manner
may result in increased treatment efficacy with reduced patient side effects. We have demonstrated the
ability to controllably switch Dox release and adsorption, and therefore functionality via controlled
interactions with the nanodiamond surface. Furthermore, as Dox is a cytotoxic element with a DNA
fragmentation-based readout, laddering assays confirmed the ability of the nanodiamonds to preserve and
facilitate drug delivery and activity upon multiple cell lines including Raw 264.7 murine macrophages as
well as the HT-29 human colorectal cancer cell line. Comprehensive examination of cellular reaction
toward bare nanodiamonds served as a biocompatibility assessment, where inflammatory gene expression
levels of interleukin 6 (IL-6), inducible nitric oxide synthase (iNOS), and tumor necrosis factor alpha
(TNFalpha) were quantified via real time polymerase chain reaction (RT-PCR). As inflammation can
generate complications against chemotherapy by supporting the spread of cancer, or counteracting
therapeutic activity, the observed maintain basal levels of these signaling elements confirmed the
biocompatibility of the nanodiamonds.

We have also utilized poly-l-lysine, a cationic protein, to template the deposition of nanodiamond
thin films to serve as localized drug delivery platforms. Dexamethasone (Dex) is a potent anti-
inflammatory that was used to functionalize the diamond films. Through a binding process with a
cytoplasmic glucocorticoid receptor, a subsequent nuclear translocation of the receptor-drug complex
enables the suppression of inflammatory gene expression. Following the characterization of multi-layered
nanodiamond-drug hybrids, RT-PCR studies demonstrated a potent reduction in the expression of IL-6,
iNOS, and TNFalpha levels. Furthermore, basal expression levels of cells cultured on glass and bare
diamond films revealed no increase in inflammatory gene expression, further confirming the innate
biocompatibility of the nanodiamond films. Subsequent studies will be elucidated to explore
opportunities in using vapor-deposited polymers to package the nanodiamond matrices to generate
tangible drug delivery devices for applications in directed and sustained therapeutic efficacy. These
capabilities are expected to impact a broad range of medical fields including cancer, cardiovascular
medicine, orthopedics, neurosurgery, and beyond. This in turn confirms the importance of the
introduction of nanodiamonds as a transforming technology for nano-engineered medicine.
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The structures of endohedral metallofullerene by the systematic
structural studies from SR powder diffraction data.

OEiji Nishibori
]Department of Applied Physics, Nagoya University, Nagoya 464-8603, Japan

Endohedral metallofullerenes have attracted much interest during past decades due to
their characteristic structural and electrical properties [1]. The recent findings of various kinds
of metal carbide encapsulated fullerenes by C-NMR and X-ray analysis have provided
further information on the characterization of endohedral metallofullerenes. Importantly,
several kinds of di-metallofullerenes have been re-characterized as C, encapsulated
metallofullerenes, (M,C2)@C,, since the discovery and synthesis of Cj-encapsulated
metallofullerenes. Furthermore, the recent experimental results of ion mobility, UV-vis-NIR
absorption, and >C-NMR studeis for metallofullerenes have indicated that many of di- and
tri-metallofullerenes have possibilities of C, encapsulation.

The precise structural information has provided the basis for understanding the physical
properties and growth mechanism of metal-carbide endohedral metallofullerenes. An X-ray
structural study is suitable for the structural characterization of endohedral metallofullerene.
Several structures of C, endohedral metallofullerenes such as (Sc,Co)@Csa, (Sc2Cr)@Cso(111),
(Sc;Cr)@Cs, and (Y,C)@Cso(I11), have been determined by the X-ray structural analysis.
The positions of encapsulated atoms from these results always have shown a complicated
multiple disorder structure. The disorder structure prevents a determination of precise
structural information.

Under these circumstances, the systematic structural studies have to be done for
revealing precise structural information, which will provide a clear understanding of structural
differences. Recently, we have carried out the series of structural study for (MiC)@C,
metallofullerenes by using synchrotron X-ray powder diffraction data at SPring-8. The
structures of more than ten kinds for (MyC,)@C, metallofullerenes will be presented.

[1] H. Shinohara, Rep. Prog. Phys., 63, (2000), 843-892..

Corresponding Author: Eiji Nishibori
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Chemical Modification of Carbon Nanohorns
Nikos Tagmatarchis
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Carbon nanohorns (CNHs) represent a largely unexplored carbon allotrope within the family of
fullerenes and nanotubes. The unique structural features of CNHs include the presence of five 5-
membered rings at one terminal tip forming a highly strained cone. Three are the critical points
that differentiate CNHs from nanotubes, namely, i) purity, due to the absence of any transition
metal nanoparticles during production, ii) heterogeneous surface structure, due to highly-

strained conical-ends and iii) aggregation in spherical superstructures, typically ranging between
50-100 nm.’

The chemistry of CNHs has been only recently started to emerge, while their chemical
modification is expected not only to advance their manipulation by introducing the desired
solubility but also to fundamentally contribute on the study of their solution properties.

Herein, I will present recent results from our group on the chemical modification of CNHs.
Briefly, CNHs can be functionalized by i) covalent attachment of organic units onto their
skeleton %7, and ii) non-covalent supramolecular, van der Waals, pi-pi stacking and/or
coulombic electrostatic interactions with aromatic planar and/or charged organic moieties *'.
Moreover, functionalization of CNHs can be performed either at the highly-strained conical-tips
or at the side-walls.'"™™*
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Electronic and Photo-electrochemical Functions
of Fullerene-Metal Complexes

Yutaka Matsuo

Nakamura Functional Carbon Cluster Project, ERATO, Japan Science and Technology
Agency, Hongo, Bunkyo-ku, Tokyo 113-0033, Japan

Conversion from solar energy to electric energy is most important issue for life
and many efforts have been devoted to create the solar cells. Fullerene is one of
intriguing materials to construct photocurrent conversion cells, because it shows
multiple redox events and long-lived excited state upon photo-absorption. We have
reported the synthesis of transition metal-penta(organo)[60]fullerene complexes
M(CeoRs)L, (M = metal atoms; R = Me, Ph, ezc.; L = organic ligands). A series of iron
complexes, buckyferrocenes Fe(CsRs)Cp is a compact and rigid donor-acceptor system,
which undergoes reversible multiple reduction and oxidation on the fullerene and
ferrocene parts. It should be noted that if these unique materials can be immobilized at
an electrode surface, many intriguing devices should be created. We herein report on
preparation self-assembled monolayers (SAMs) of buckyferrocenes on indium tin oxide
(ITO) electrodes (Figure 1), and discuss photocurrent generation properties of this
SAMs.

Figure 1. Self-assembled monolayer of buckyferrocenes.

Corresponding Author: Yutaka Matsuo
E-mail: matsuo@chem.s.u-tokyo.ac.jp; TEL/FAX: +81-3-5841-1476
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Review of Nanotechnology R&D in NEC
Shuichi Tahara O

NEC Corporation, Nano Electronics Labs.
34 Miyukigaoka, Tsukuba, Ibaraki, Japan

In order to build a convenient IT Society, NEC has grappled with R&D for
nanotechnology as a fundamental technology for advanced IT/NW system, and has
worked on the development of high-performance and energy-conscious devices with
nanotechnology. And also, NEC has made significant accomplishments in the field of
nanotechnology since the late 1980’s. These include discovering a carbon nanotube
(CNT), the solid-state devices for quantum computers and so on. In this presentation, I
would like to introduce some of our nanotechnology — future LSI technology, CNT
application, Si photonics for IT/NW breakthrough, and the vision and value of
nanotechnology in NEC.

E-mail : tahara@aj.jp.nec.com
Tel : 029-850-1154 & Fax : 0298-56-6135
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Phonon softening effect on Raman G-band spectra of
metallic single wall carbon nanotubes

R. SaitoO, K. Sasaki, K. Sato, J. S. Park
Department of Physics, Tohoku University and CREST JST, Sendai 980-8578

In the metallic single wall carbon nanotubes, one of the two G-band Raman
spectra is known to be soft which is now generally understood by Kohn Anomaly.
Recently, Farhat et al. reported Raman spectroscopy of individual metallic carbon
nanotube in which the G+ band becomes soft and level crossing between G+ and
G- Raman signal is observed as a function of the Fermi energy position. Further
the Rama spectral width depends on the Fermi energy position, too. The
experimental results clearly show that the electron-phonon interaction gives a
finite life time of carrier and that we expect both the frequency shift and spectra
broadening effect by the electron-phonon interaction when the Fermi energy

matches to the Dirac cone, K point in the two dimensional Brillouin zone.

In order to investigate the phonon softening effect, we calculated the phonon self
energy due to the electro-phonon interaction in which the real part of the self
energy gives the frequency shift of the phonon and the imaginary part of the self
energy gives the broadening of the phonon spectra. The electro-phonon interaction
is calculated by the extended tight-binding calculation method which reproduced
well the chirality and diameter dependence of resonance Raman intensities. The
calculated phonon spectra as a function of the Fermi energy reproduce well the

experimental results of phonon softening phenomena.

This work is partially supported by MEXT grant, (No. 16076201).
References: [1] H. Farhat et al., Phys. Rev. Lett., 99, 145506 (2007).
Corresponding Author: Riichiro Saito
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Electroabsorption spectroscopy in single wall carbon nanotubes
(OHideo Kishida, Yoshiaki Nagasawa, Sadanobu Imamura, and Arao Nakamura
Department of Applied Physics, Nagoya University, Nagoya 464-8603 Japan

We have performed electroabsorption (EA) spectroscopy on micelle-wrapped
single-wall carbon nanotubes (SWNT) to clarify the excited-level structure. In EA
experiments, the change of absorption induced by applied electric field is measured. The
electric field mixes one-photon allowed states and two-photon allowed states, so that the
two-photon allowed states can be observed in the absorption measurement.

The sample was thin films of SWNT(HiPco)/SDBS embedded in gelatin. The film
was formed onto an ITO/SiO; substrate, and then a semitransparent Al electrode was
fabricated on the film. We applied alternating electric field (electric field 17~85kV/cm,
frequency f~=1kHz) between the two electrodes and measured the change of absorption
using the lock-in method.

In fig.(a), we show the absorption spectra in the Ej; region. In fig. (b), we show the

EA spectra and their electric-field dependence. The intensities of EA signals are

proportional to the square of the electric Wavelength (um)

field. The shapes of EA spectra are not < _ 16 14 12 LU 1
dependent on the intensity of electric ficld. g é 0157 ®-
These facts indicate that the EA signals géO-IO

come from electric field effects on discrete < = I S B
levels such as exciton levels. Most of the - 0' '

peaks and valleys seen in the EA spectra ‘«S_.,g 2'

are reproduced by the second derivative %:« A 1TV/em
curves (fig.(c)) of the absorption spectra. g% '4f 34kV/em |
Second-derivative-like EA spectra are Z  -6F g;llgjzx .
obtained in the case that there are two 8, Ny 85kVim
nearly — degenerate  discrete  levels. 1 Y - ‘(c) =
Therefore, we assigned one to one-photon g:f 0' /

allowed “bright” exciton and the other to %“E

two-photon allowed “dark™ exciton. g §, 'lj — ]
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Photoluminescence brightening through the direct transition from
isolated to bundled freestanding single-walled carbon nanotubes

OT. Kato and R. Hatakeyama
Department of Electronic Engineering, Tohoku University, Sendai 980-8579, Japan

Photoluminescence (PL) brightening is clearly observed as a result of the direct
transition from isolated to bundled morphology in the case of using vertically-, and
individually-freestanding single-walled carbon nanotubes (SWNTs) as a starting
material prepared by diffusion-plasma chemical vapor deposition. Figure 1 shows the
time trace of photoluminescence excitation (PLE) map from as-grown freestanding
SWNTs. With an increase in the passage time after the growth, the intensity of (6,5) and
(7,6) peaks drastically decrease, and in contrast, originally-broad peak intensities
become obviously strong. This increment of quantum yield of SWNTs PL is explained
in terms of the exciton energy transfer through the tube bundles. Since the low quantum
yield of individual SWNTs PL is considered to be the critical disadvantage restricting
their industrial application, the bundle engineering with standing nanotubes will be a

potential candidate for realizing the superior optoelectronic device fabrication.

Bundled

Figure 1: Time evolution of the PLE map measured just after the growth (a), at 1h (b), 3.5h (c),
7.5h (d), and 10h (e), respectively. All data are plotted on the same color scale.
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Multiexciton recombinations and exciton fine structures studied by
a single carbon nanotube photoluminescence spectroscopy

oKazunari Matsuda', Tadashi Inoue', Yoichi Murakami’, Shigeo Maruyama2 ,
and Yoshihiko Kanemitsu'
!Institute for Chemical Research, Kyoto University, Gokasho Uji, Kyoto, Japan
’Department of Mechanical Engineering, The University of Tokyo, 7-3-1, Hongo, Bunkyo,
Tokyo, Japan

The clectronic properties of single-walled carbon nanotubes (SWNTs) have attracted a
great deal of attention. The characteristic optical properties of SWNTs are determined by the
dynamics of excitons with extremely large binding energies due to the strong Coulomb
interaction. It is also expected that the strong Coulomb interaction would enhance the many
body effects of excitons. The spectroscopic observation of a single carbon nanotube is a
useful to understand the dynamics and many body effects of excitons in SWNTs [1-3].

We studied the temperature and excitation power
dependence of photoluminescence (PL) spectra from (a)
spatially isolated single SWNTs using a single nanotube
spectroscopy [3]. It is found that the linewidth of the
observed narrow PL spectrum corresponding to
homogeneous linewidth (Fig. 1(a)) arises from the
exciton-dephasing with consideration of exciton lifetime of
30 ps [4]. The PL linewidth linearly decreases with
decreasing temperature, which implies that the
exciton-dephasing is dominated by the interaction between
the exciton and the phonon mode with very low energy. In
the high excitation conditions using femtosecond laser
pulses, the homogeneous linewidth broadens nonlinearly

N A r |
0.88 0.90 0.92 0.94 0.96
Photon Energy (eV)

(b)

Norm. PL Intensity (arb. units) PL Intensity (arb. units)

with an increase in excitation intensity as shown in Fig.

Energy (meV)
1(b). Our observation suggests that the broadening of Fig.1 (a) and (b) PL spectra of a

homogeneous linewidth arises from the annihilation of single carbon nanotube at 30 K.
excitons through a rapid Auger recombination process. The
multiexciton dynamics and exciton fine structures will be discussed.
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Optical and electrical properties of
semiconducting SWNT extracted using polyfluorene

OS. Kazaoui', N. Izard', K. Hata!, T. Okazaki', T. Saito', Y. Sato', K. Suenaga',
Y. Futami?, N. Minami?

'Research Center for Advanced Carbon Materials, AIST, Toukuba 305-8565, Japan
2Nanotechnology Research Institute, AIST, Tsukuba 305-8565, Japan

The production of pure semiconducting single-wall carbon nanotubes (s-SWNT) is
essential in several areas such as basic research, standardization and applications (FET
transistors, optoelectronic devices, sensors). Significant progresses were already achieved
using for instance DNA, density-gradient concentration and polymer wrapping to extract
s-SWNT from “as-produced SWNT powders”.

Very recently, s-SWNT were extracted with polyfluorene (such as Poly(9,9-di-n-octyl-
fluorenyl-2,7-diyl)) in toluene solution assisted by sonication/centrifugation methods [1],
using the conditions we have already described for poly(phenylene-vinylene) (MEHPPV) and
polythiophene (P30OT) [2].

In this study, we have optimized the centrifugation conditions in order to selectively
extract near-armchair semiconducting while totally discarding metallic nanotubes. Clear
evidences were obtained by photoluminescence (Fig.1), optical absorption (Fig. 2), Raman as
well as by electrical measurements. At this symposium, very interesting optical and electrical
properties from such pure semiconducting SWNT will be presented.
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Fig. 1: Photoluminescence map of SWNT(HiPco)-PFO Fig. 2: Optical absorption of SWNT(HiPco)-PFO

[1] (a) Nish et al. Nature Nanotechnology 2, 640 (2007) (b) Chen et al. Nano Letters 7, 3013 (2007).
[2] (a) S. Kazaoui et al, Appl. Phys. Lett. 87, 211914 (2005), (b) J. Appl. Phys. 98, 084314 (2005).
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Three dimensional effects in the boron-doped carbon nanotubes
(OTakashi Koretsune and Susumu Saito

Department of Physics, Tokyo Institute of Technology
2-12-1 Oh-okayama, Meguro-ku, Tokyo 152-8551

Carbon nanotubes are considered to be attractive materials for nanoscale electronic device in
the next generations. To control the transport properties including superconductivity[1], boron
doping will play an important role. So far, we have clarified the effect of boron doping in the
isolated single walled carbon nanotubes[2]. However, to discuss the experimental situation
and the possibility of superconductivity, it is inevitable to consider the three dimensionality
such as bundles of the carbon nanotubes or multiwalled carbon nanotubes. Thus we study the
effect of inter-layer interaction in the bundled or multiwalled carbon nanotubes using the
density functional theory.

Here, we take (10,0) carbon nanotubes as a typical semiconductor tube and consider the
bundles of (10,0) carbon nanotubes. It is found that the peak of the density of states in the
isolated carbon nanotubes will remain in the bundles of carbon nanotubes though its height is
decreased by three dimensional effect. We discuss the change of the Fermi level density of
states by the inter-layer interaction. We also consider the double-walled carbon nanotube,
(10,0)@(19,0), where borons are doped only in the inner tube and discuss the charge transfer
effect.

References:
[1]L Takesue et al., Phys. Rev. Lett. 96 057001 (2006)
[2] T. Koretsune and S. Saito, submitted.
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Conductivity Enhancement of Boron-Doped MWNTs Synthesized from
Methanol Solution Containing Boric Acid

O Satoshi Ishii, Tohru Watanabe, Shunsuke Tsuda, Takahide Yamaguchi, and

Yoshihiko Takano

Nano System Functionality Center, National Institute for Materials Science, 1-2-1,
Sengen, Tsukuba, Ibaraki 305-0047, Japan

Carbon nanotubes (CNTs) with high conductivity are required for a variety of
applications, such as a conducting film, an electrically-conductive coating, a probe of
SPM, and nanowirings inside LSI, while increasing the conductivity of the CNTs has

not been realized yet by chirality control.

In this study, we have introduced conduction carriers into multi-walled carbon
nanotubes (MWNTs) by boron-doping to enhance the conductivity. When considering
boron-doped diamond"? and graphite’®, the boron was expected to provide the
conduction carriers effectively for the carbon allotropes.

boron-doped MWNTs by our CVD method which uses
a methanol solution of boric acid as a source material.
The boron-doped MWNTs were synthesized from the
source solution containing 1.0 atm% and 2.0 atm% of
the boron.

Figure 1 shows Raman spectra of the
boron-doped MWNTs. A position of a G-band shifts
systematically to higher Raman shift side with
increasing a boron concentration. This indicates that
a carbon site was substituted by the doped boron in the
MWNTs. On the other hand, broadenings of both the
G and D-bands were originated from inhomogeneity of
the boron and defects in the MWNTS.

Figure 2 shows temperature dependence of
normalized conductivity of/orr of the boron-doped
MWNTs, where orr is the conductivity at room
temperature. The conductivity of each individual
MWNT was measured by four-point method from
room temperature to 2 K. The four electrodes were
fabricated on a target individual MWNT by using
electron beam lithography technique. The o/ orr Was
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Fig. 1 Raman spectra of MWNTs.
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enhanced over wide temperature range by increasing Fig. 2 Temperature dependence of o/ ogr.
the boron concentration. The doped boron provides the conduction carriers for the

MWNT effectively increasing the conductivity.

References: [1] E. Ekimov et al., Nature 428, 542 (2004).
[2] Y. Takano et al., Appl. Phy. Lett. 85, 2851 (2004).
[3] M. Endo et al., Phy. Rev. B 58, 8991 (1998).
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Recent progress of study of carbon-nanotube superconductivity

OJ.Haruyama'*, S.Maruyama®, H.Shinohara>*

' doyama Gakuin University, 5-10-1 Fuchinobe, Kanagawa 229-8558, Japan
2Tokyo University, 7-3-1 Hongo, Bunkyo-ku, Tokyo 113-0033, Japan
3Nag0ya University, Furo-cho, Chigusa, Nagoya 464-8602, Japan
‘JST-CREST, 4-1-8 Hon-machi, Kawaguchi, Saitama 332-0012, Japan

Abstract: Superconductivity (SC) in carbon nanotubes (CNTs) is quite interesting
issue from many standpoints; e.g., 1. From physics of one-dimensional (1D) SC, 2.from
clectron correlation in 1D conductors, 3. as recently found -carbon-related
new-superconductor family  (CaCs and boron-doped diamond), and 4. From possibility
of high-T, SC (~40K). We reported SC in arrays of multi-walled CNTs (MWNTs) for
resistance drop with the highest T,= 12K [1] and its correlation with contact structures
between metal electrode and MWNTs. After then, based on the report, many theories for
the CNT-SC have been proposed and are attracting considerable attention; e.g., 1.Carrier
doping effect in MWNTs and phase transitions [2], 3.Carrier doping effect in (10,10)
single-walled CNTs [3], and 4. Correlation between SC and edge state [4].

Here, we have had progress in the experiments after reporting ref.[1]. In the talk, I
will introduce recent some experimental results of the MWNT-SC; i.e., 1. Meissner
effect with T, = ~20K in the honey comb array structure of alumina template [5], 2.
Interplay between SC and Tomonaga-Luttinger liquid states in partially end-bonded
MWNTs [6], 3. Confirmation of presence of boron in the MWNTs by NMR [6].
Moreover, 1 will briefly talk about Meissner effect found in sheets of boron-doped
single-walled CNTs synthesized in controlled doping manner [7].

SC in CNTs is promising. Realizing higher T, is highly expected.
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Local electronic structure of a carbon nanotube on metal surface
OYousoo Kim', Hyung-Joon Shin'?, Sylvain Clair'” and Maki Kawai'”

'RIKEN, 2-1 Hirosawa, Wako, Saitama 351-0198, Japan
’Department of Advanced Materials Science, The University of Tokyo, Chiba 277-8561,
Japan
# Present address: INRS-EMT, Université du Québec, 1650 Boul. Lionel-Boulet,
Varennes, QC, Canada J3X 152

Abstract:

The scanning tunneling microscopy (STM) study shows that the nature of the interface
between a nanotube and a metal surface induces a charge transfer that directly rules the
doping level of nanotubes. Whereas it is known that SWCNT on Au(111) are p-doped,
we found that it is possible to produce n-doped SWCNT on Cu(111). Additionally, we
show that the reconstruction pattern of the Au(111) surface is responsible for periodic
oscillations in the electronic structure of adsorbed nanotubes.

The early STM experiments on SWCNT have provided highly valuable details on their
structure and their related electronic properties. However, little attention was given to
the effect of the adsorption to a metal substrate, and basically only Au(111) surfaces

were used. Here we propose systematic

(a)

investigations on the interaction of a
SWCNT with the well defined Au(111) and
Cu(111) metal surfaces. The nanotubes were

deposited in situ via a vacuum-compatible
10m 12nm
¥

dry contact transfer (DCT) technique which
; : e Fig.1 STM images of a single CNTs adsorbed
provides surfaces free of impurities as shown Ongga) Au(lll)%nd (b) Ag(g100) single crystal

in Flg 1 surraces.

References:
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2. 8. Clair, C. Rabot, Y. Kim, and Maki Kawai, J. Vac. Sci. Tech. B 25 (2007) 1143-1146.
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Long-Ranged Bandgap Modulation of SWCNT on Ag(100)

OHyung-Joon Shin', Sylvain Clair', Yousoo Kim', and Maki Kawai'?

ISurface Chemistry Laboratory, RIKEN, 2-1 Hirosawa, Wako, Saitama 351-0198 Japan.
’Department of Advanced Materials, University of Tokyo, 5-1-5 Kashiwanoha, Kashiwa,
Chiba 277-8651, Japan.

When metal/single-walled carbon nanotube (SWCNT) interface is formed, charge transfer
between metal and SWCNT occurs and the position of SWCNT Fermi-level is shifted by local
electrostatic potential perturbation. Most STM or STS of SWCNT have been measured on Au
(111) surface so far, and the Fermi-level shifts of about 0.2eV to the valence band on gold
have been reported experimentally and theoretically [1, 2]. In this study, we investigated the
electronic structure of SWCNT on Ag (100) surface by STM and STS at low temperature
(4.7K). Ultra-clean SWCNT on silver surface were prepared by dry contact transfer (DCT)
technique [3]. The STS results showed that the Fermi-level of SWCNT was shifted to the
conduction band, since the work function of Ag (100) (4.4¢V) is much smaller than that of Au
(111) (5.3¢V) and that of SWCNT (4.8 ~ 5.0eV). In addition, we observed that the periodic
modulation developed on semiconducting (6, 2) SWCNT over whole length (~300nm).
Interestingly, we could observe bandgap modulation of same period from spatially-resolved
STS mapping. Considering the chirality and unit cell of SWCNT, the period of modulation
showed a good epitaxial relationship between SWCNT and Ag (100) in this configuration.
The amount of charge transfer depends on the atomic distance between carbon and silver
atom. Thus, the shift of bandgap might be enhanced for the atoms having a good epitaxial
relationship. At the peak positions of the height profile, the bandgap was shifted downwards
(to the valence band), which implies that carbon and silver atoms have a better epitaxial

configuration at these locations.

[1]J.W.G Wildder, L.C. Venema, A.G. Rinzler, R.E. Smalley, and C. Dekker. Nature 391, 59 (1998)
[2] Y. Xue and S. Datta, Phys. Rev. Lett. 83, 4844 (1999).
[3] P.M. Albrecht and J.W. Lyding, Appl. Phys. Lett. 83, 5029 (2003).
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First Principles Calculations for Electronic Properties of Diffusing
Oxygen Atoms on the Surface of Graphene and Nanotubes

O Takazumi Kawai and Yoshiyuki Miyamoto

Nano Electronics Research Laboratories, NEC Corporation
34, Miyukigaoka, Tsukuba, Ibaraki 305-8501, JAPAN

Recent experiments showed the potential ability of graphene not only nanotubes as a
electronic devices with small size and high performance[1]. However, it is well-known
that the behavior of oxygen drastically change the electronic properties of such devices
due to the high accumulation of electrons and further destruction of graphitic sp2
network. Thus, the properties of oxygen atoms on the graphitic surface is one of the
most important issue for future device applications of nano graphitic materials.

Here, we performed first principles calculations for oxygen diffusion on the surface
of graphene. The epoxy (bridge) position (Fig.1(a)) is the most stable for chemisorption,
and on top position (Fig.1(b)) has 0.89 eV higher energy than epoxy structure. We
found that the insertion of an oxygen atom into a C-C bond does not form the stable
structure when a periodic unitcell is used, although the insertion structure was claimed
to be stable for cluster calculation[2]. We have also studied oxygen diffusion on carbon
nanotubes and will discuss the electronic properties and the chirality dependent
anisotropic diffusion.

(@) (b)

Fig.1 Schematic view of the oxygen chemisorption on a graphene sheet: (a) the epoxy

(bridge) structure and (b) on top structure.

[1] H.B. Heersche, ef al, Nature 446 (2007) 56.

[2] J.-L. Li, et al, Phys. Rev. Lett. 96 (2006) 176101,
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Field Emission Properties of Single-Walled Carbon Nanotubes with a
Variety of Emitter-Morphologies

oYosuke Shiratori', Koji Furuichi?, Suguru Noda', Hisashi Sugime', Yoshiko Tsuji', Zhengyi
Zhang®, Shigeo Maruyama® and Yukio Yamaguchi'

"Dept. of Chemical System Engineering, The University of Tokyo, Tokyo 113-8656, Japan
’DAINIPPON SCREEN MFG. CO., LTD., Kyoto 602-8585, Japan
Dept. of Mechanical Engineering, The University of Tokyo, Tokyo 113-8656, Japan

A number of issues are important for future CNT-FED development: (I) A
low-temperature and/or short-time growth directly on cathodes through simple and safe
processes, (II) a giant tip-enhancement of an applied field and (IIT) a uniform spacial current
distribution, that is, a large number density of emission sites resulting in a mild current per
emitter. We focus here on SWNT-emitters prepared using alcohol catalytic CVD (ACCVD)".
Prior to application of ACCVD for device fabrication, suitable catalyst compositions to
promote a rapid growth of high quality SWNTs and the FE properties of the obtained SWNTs
must be systematically studied. We report field emission properties of SWNT-emitters with
different morphologies and discuss their potential for FED-applications.

SWNT-emitters were prepared on Si substrates with Co/ALOs layers through
ACCVD, which realizes a reaction time of 10 s to grow a 4 um-thick SWNT film. FE
properties of SWNTs are tunable by the morphological control of the top-surface (Fig. 1). For
a textured Si cathode with well separated SWNT-bundles (Fig. 1d), the turn-on electric field
to extract a current density of 1 pA/cm® was 2.4 V/um, and a current density of 0.8 mA/cm?
was recorded at 4 V/um. Large area uniformity of luminescence (0.5 cm?) was also obtained.
Protrusion of emitters is crucial and the optimization of number density, protrusion length and
inter-protrusion distance is necessary for uniform field emission and increased operating life.
Texturing of substrates effects a large and selective field enhancement at specific protrusive
emitters. Currently, SWNTs prepared from ethanol via a fast and safe process showed field
mission characteristics suitable for electron sources.

3.3 V/um 4.1 Vium Morphology 3.3 V/ium 4.1 Vium

Morphology

Fow " "
3, e

Fig. 1. Cross-sectional SEM micrographs and pictures of luminescence from the rear surface of the anode at 3.3 and 4.1
V/um; (a) VA-SWNTSs, (b) CNT-grass, (¢) VA-SWNTSs on Si pyramids and (d) free-sanding bundles on Si pyramids.

[1]S. Maruyama, R. Kojima, Y. Miyauchi, S. Chiashi, and M. Kohno: Chem. Phys. Lett. 360 (2002) 229.
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Magnetoresistance of the Metallic Nanotubes observed
by Contactless Method

Yugo Oshima“, Hirotaka Suzuki, Yoshihiro Iwasa and Hiroyuki Nojiri

Institute for Materials Research, Tohoku University, Katahira 2-1-1,
Aoba, Sendai 980-8577, Japan

Abstract:

We have observed the magnetoresistance of the highly-oriented single-wall nanotubes
(SWNT) film by contactless method. At 4.2 K, The magnetoresistance increases linearly
up to 14 T when the magnetic field is applied along the tube axis. This is different from
the results observed in a SWNT film (non-oriented), which shows a negative
magnetoresistance or saturation at high magnetic field [1, 2]. In general, the transport
properties of the SWNT are difficult to evaluate since there is a high contact resistance
between the electrodes and SWNT. Therefore, we have employed the cavity
perturbation techniques (contactless method) [3], which eliminate the problems of the
contact resistance for the transport measurements of SWNT. Using this technique, no
electrode is needed, and we can obtain the high-frequency conductivity of the SWNT by
just comparing the Q factor and the resonance frequency of the cavity with and without
the sample. We believe that the observed positive magnetoresistance is an intrinsic
behavior of the SWNT, which is due to the Aharonov-Bohm effect of the metallic
nanotubes. The angular dependence and the temperature dependence will also be

presented, and the results are discussed.
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Influence of surrounding materials on heat conduction of carbon
nanotubes: Molecular dynamics simulations
oJunichiro Shiomi and Shigeo Maruyama*

'Department of Mechanical Engineering, The University of Tokyo
7-3-1 Hongo, Bunkyo-ku, Tokyo 113-8656, Japan

Characterization of thermal properties of single-walled carbon nanotubes (SWNTs) is a
key issue for their prospective electrical and thermal device applications. An SWNT is
expected to be a good heat conductor with the extraordinary long phonon mean free paths
[1-3]. As a result, phonon transport exhibits complex diffusive-ballistic feature for realistic
nanotube-length in many applications even at room temperature. This gives rise to unique
steady and unsteady heat conduction characteristics [4-8]. Especially, the length effect of the
thermal conductivity or conductance [4,5,8] has caught particular attentions due to its
practical importance and there are ongoing discussions on the scattering dynamics of long
wave phonons and the effect of low-dimensional confinement.

Although the characteristics of intrinsic heat conduction of SWNTs have been explored
extensively for ideal thermal boundary conditions, in practical situations, interfacial heat
transfer between SWNTs and heat sinks/sources is expected to determine the overall heat
transfer performance. Such interfaces not only give rise to thermal boundary resistances but
also influence the intrinsic heat conduction. In a system with significant contribution from
ballistic heat transport, the intrinsic phonon distribution function and thus effective heat
conduction is expected to depend strongly on the mode-dependent scattering dynamics at the
interfaces. In the current study, this aspect is explored by using equilibrium and
non-equilibrium molecular dynamics methods. The boundary scattering and its influence on
the long wave heat flux correlations is discussed.
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Specific Surface Area Measurement for Purity and SWNT Selectivity
Analysis

O Don N. Futaba, Jundai Gotou, Takeo Yamada, Satoshi Yasuda, Motoo Yumura,

Sumio lijima and Kenji Hata

National Institute of Advanced Industrial Science and Technology (AIST), Tsukuba,
305-8565, Japan

As the development of carbon nanotube (CNT) technology is reliant upon the
availability of CNTs, a great effort has been placed on the improvement of single-walled
carbon nanotube (SWNT) synthesis. As a result, a number of groups have reported
significant advances in the efficient and highly pure synthesis of tall SWNT forests (ref)
which suggest the possibility for mass production (1-4). However, the techniques for the
simple and accurate assessment of the purity and SWNT selectivity trail far behind the
ability to synthesize it. Historically, Raman spectroscopy and transmission electron
microscopy (TEM) have been the tools which provided qualitative and quantitative
assessments. However, both techniques are limited in terms of sampling amount,
interpretation, and the need for a skilled operator.

Here, we present the use of specific surface area (SSA) analysis using the Brunauer,
Emmett, and Teller (BET) method as a simple and accurate tool of assessing the purity
and selectivity of SWNT samples. Sensative to both properties, BET-SSA analysis
provides an indispensable tool for the simple, fast and accurate evaluation of
macroscopic (10s mg) samplings of SWNTs.
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Chirality Dependence on Destabilizing Agents Added to CMC-stabilized
Carbon Nanotube Dispersions

(OHiroshi Saito and Masahito Sano
Department of Polymer Science and Engineering, Yamagata University 992-8510, Japan

Dispersing carbon nanotubes (CNTs) in solution is important for both academic and
industrial researches and various methods have been reported. One of the common methods is
to ultrasonicate CNTs in water with the presence of stabilizing chemicals, such as sodium
dodecyl sulfate (SDS) and sodium carboxymethyl cellulose (CMC). We have reported that
dispersing efficiency is improved by additions of antifoam agents, such as an oligomer of
polyether (PE-M), to the ultrasonicating SDS mixture [1]. PE-M climinates air bubbles and
foams to allow the ultrasonic wave to reach CNT surfaces more efficiently. Also, we have
shown that ultrasonication on SDS mixture in air promotes sonochemical reactions of gaseous
nitrogen and oxygen with water to yield acid species. This results in lowering of pH, which
protonates CNTs with the consequence that absorption and Raman spectroscopic characters of
metallic and thick semiconducting CNTs are altered.

PE-M is designed as an antifoaming agent for SDS in water. We have found that
although PE-M acts as an antifoaming agent for CMC, it does not improve dispersing CNTs.
In fact, continued additions of PE-M destabilized CMC-stabilized CNT dispersion and CNTs
coagulated at higher PE-M concentrations. Unlike SDS case, the solution pH remained nearly
constant over one hour of ultrasonication. Thus, no protonation of CNTs occurred in the case
of CMC.

We have monitored Raman spectra as CMC-stabilized CNT dispersions were
destabilized by CMC. Coagulated CNTs were collected by centrifugation and the supernatant
was analyzed. Intensities of both RBM and G-bands were reduced because less CNTs could
be in the supernatant. Interestingly, each peak in RBM was not reduced uniformly and the
reduction rate (the relative reduction of peak intensities at a given CMC concentration)
depended on chirality. Also, the line shape around G-band changed depending on the CMC
concentration.

[1] H. Saito, M. Sano, “Improved Ultrasonic Dispersion of Carbon Nanotubes”, abstract presented at the 327
Fullerene-Nanotubes General Symposium, Nagoya, 2007.
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Electrochemical and Diameter-selective Cutting of Carbon Nanotubes

oShigekazu Ohmori', Takeshi Saito' 2, Satoshi Ohshima', Motoo Yumura'

and Sumio Tijima'”

! Research Center for Advanced Carbon Materials, AIST, Ibaraki 305-8565 Japan
*PRESTO, Japan Science and Technology Agency, Kawaguchi 332-0012, Japan
3Departmenl of Materials Science and Engineering, Meijo Univ., Nagoya 468-8502, Japan

Carbon nanotubes (CNTs) are expected to be highly potential in various applications
such as electronics and nano-medical devices. In these applications, the length of CNTs is one
of the most important structural parameters, since it affects on their dispersibility (and
processability, as well). Many researchers have been reported mechanical [1] and chemical
[2,3] cutting processes of CNTs.

Herein, we report a novel method for
cutting single-walled CNTs (SWCNTs) by
electrochemical oxidation reaction on the
surface of anodic SWCNT electrode. The
optimized cutting voltage was estimated to be
10V for the SWCNTs with wide average
diameter of 1.8 nm and the cutting reaction
could not be observed at below the optimized
voltage (see Fig. 1). On the other hand, it has
been found that the narrow SWCNTs (mean
dia.: ca. 0.9 nm) were cut at lower voltage (4V)
than that of the wide ones abovementioned. This
result indicates the possibility of the
diameter-selective cutting in our electrochemical
method.

References
[1] Jie Liu, Andrew, et. al., science, 280 (1998)
1253.

Fig. 1. TEM images of SWNTs

electrochemically treated at A 6V and B
[2] Li Qingwen, et. al., J. Phys. Cherm., 106 (2002) 11085. 10V,

[3] Z. Gu, et. al., Nano Letters, 2 (2002) 1009.
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Bending deformation of carbon nanotubes caused by
a five-seven pair couple defect

o Kei Wako!, Tatsuki Oda?, Masaru Tachibana', Kenichi Kojima'

LGraduate School of Integrated Science, Yokohama City University,
Yokohama 236-0027, Japan
2 Graduate School of Natural Science and Technology, Kanazawa University,
Kanazawa 920-1192, Japan

Carbon nanotubes are promising building blocks for construction of nanosized elec-
tronic and electromechanical devices due to their mechanical and electronic properties.
Therefore an investigation of plastic deformation and formation of structural defects that
are caused by mechanical deformations such as bending deformation is important. Re-
cently, Nakayama et al. reported that double-walled carbon nanotubes (DWNTs) were
deformed plastically by an application of electric current under bending deformation [1].

We have carried out tight-binding molecular dynamics simulation for the DWNTs
under bending deformation in the previous study [2]. As the result, structural defects
named 5-7 pair couple defect were formed by atom emission and these defects were
thermally and energetically stable. Thus, our results indicate that the 5-7 pair couple
defects are responsible for the origin of the plastic deformation. In the present study,
to investigate the characteristics of the 5-7 pair couple defect which were formed in
single-walled carbon nanotubes (SWNTs), their stable structure and binding energy were
analyzed.

Figures 1 (a) and (b) show a removed chain cluster of atoms and a 5-7 pair couple
defect in a (8,8) SWNT. For various numbers of removed atoms, stable structure of the
defective SWNT was obtained by structural optimization. The bending angles of (8,8)
nanotubes are plotted as a function of the number of removed atoms in Fig. 1 (c). Fig-
ure 1 (d) shows that the schematic figure of the nanotube with the maximum bending
angle and the 5-7 pair couple defects which were formed after removing 14 atoms. More-
over a dependence of bending angles on the diameter of nanotubes was investigated. As
results, it was confirmed that the structure of the nanotube with these several kind of
defects corresponded to the experimental results.

(c) (d)

Bending Angle (degree)
~
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Figure 1: (a) Removing eight atoms and (b) 5-7 pair couple defect in the (8,8) nanotubes, (c) bending

angle as a function of the number of removed atoms and (d) stable structure of the (8,8) nanotube that

contains the 5-7 pair couple defect which were formed after removing 14 atoms.
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Scanning Tunneling Spectroscopy Mapping of a Single Lu@Cs, on
Alkanethiol Self Assembled Monolayer

OY. Yasutake', K. Kono', N. Kobayashil, M. Iwamoto', H. Umemoto?,
Y. Ito?, H. Okimoto?, H. Shinohara*’, and Y. Majima1

' Department of Physical Electronics, T okyo Institute of Technology, Tokyo 152-8552, Japan
? Department of Chemistry, Nagoya University, Nagoya 464-8602, Japan
*Institute for Advanced Research, Nagoya University, Nagoya 464-8602, Japan

Abstract:

Endohedral metallofullerenes are one of the candidate materials for nanoelectronics and
spintronics applications due to their unique electronic and magnetic properties which
associated with the charge transfer interaction between the encapsulated metal atom and a
fullerene cage[l]. We demonstrated that single endohedral metallofullerene orientation
switching phenomena by introducing alkanethiol self-assembled monolayer(SAM) as
interlayer to control the interaction between endohedral metallofullerene and metal
substrate.[2, 3] To realize molecular switching device by using endohedral metallofullerene, it
is important to characterize the local electrical properties of single endohedral
metallofullerenes.

Here, we report the local electrical properties of Lu@Cs, molecule on heptanethiol SAM
by scanning tunneling microscopy(STM) images and scanning tunneling spectroscopy(STS)
mapping. From high-resolution STM images of Lu@Cs, at 65 K, we observed the stripe
structure which indicates that Lu@Cs, molecules on heptanethiol do not rotate freely. Then
we measured STS at different 64 points on a single Lu@Csg, molecule on heptanethiol at 65 K.
From differential conductance (dI/dV) spectra, we observed two peaks centered at -0.5 V and
1.0 V which correspond to HOMO and LUMO energy levels, respectively. HOMO peak
intensity shows a spatial dependence. We discuss the relationship between the molecular
orientation and the spatial dependence of HOMO peak intensity. By considering the effective
applied voltage in double barrier tunnel junction, we also estimate that the intrinsic
HOMO-LUMO gap of Lu@Cs, and the Fermi energy level shift of Lu@Cs; on heptanethiol.
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Estimation of the amounts of transferred electrons in Lu-entrapped Metallofullerenes

oTakafumi Miyazaki‘, Ryohei Sumii*®, Hisashi Umemoto®, Haruya Okimoto®, Toshiki Sugai“,
Hisanori Shinohara®, Shojun Hino',

" Graduate School of Science & Technology, Ehime University
? Institute for Molecular Science
? Research Center for Materials Science, Nagoya University
* Graduate School of Science, Nagoya University

Ultraviolet photoelectron spectra (UPS) of C;; endohedral fullerenes containing Lu
atom(s) have been measured with synchrotron radiation light source. Principally the spectra
are almost identical with those obtained with the endohedral fullerenes with the same cage
symmetry. Usually entrapped metal atoms donate electrons and the amounts of transferred
electrons have been deduced by either experimentally or theoretically. Lutetium 4f electron
levels can be observed in our present UPS. The position of 4f7/2 level varies from 9.46 eV
(LuC,@Cy, isomers), 9.70 eV (Lu,@Cs, isomers) to 9.86 eV (Lu@Cs,y(I)). This shift is
induced by the difference in the charge on Lu atom(s), that is, chemical shift, and can be a

good indication for amounts of transferred electrons to the cage.
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3C NMR Study of Pr,@Cs, and LaPr@Cs,

OManabu Ito', Shiho Nagaokal, Takeshi Kodama', Yoko Miyakel,
Shinzo Suzuki®, Koichi Kikuchi', Yohji Achiba’

'Department of Chemistry, Tokyo Metropolitan University, Hachioji, 192-0397, Japan
2Department of Physics, Kyoto Sangyo University, Kamigamo-Motoyama,
Kita-ku, Kyoto, 603-8555, Japan

So far, we have studied paramagnetic 3C NMR shifts of Ce@Cgo and CeLa@Csy to clarify
a magnetic property of encaged Ce’" [1,2], which has a 4f clectron. Recently, we have
reported °C NMR spectra of Pry@Cygo [3], in which Pr’” has two 4f electrons, and compared
them with those of Ce,@Cso and CeLa@Cso. In this study, we report the production and *C
NMR spectra of LaPr@Csp, and analyze the temperature dependence of paramagnetic Bc
NMR shifts of Pro@Cg and LaPr@Csy.

Fig.1 shows the °C NMR spectra of MM’ @Cgo (M, M’=La, Pr) in CS,. As shown in Fig.1,
the six peaks were assigned to La,@Cso, Pro@Cso, and LaPr@Cs, respectively. The peaks of
Pry@Cgo and LaPr@Cs, show temperature dependence due to the magnetic moment of
encaged Pr’”. Detailed analysis of paramagnetic B3C NMR shift of Pr,@Cso and LaPr@Cso

will be discussed in the presentation.
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Fig. 1 *°C NMR spectra of MM’@Cg, measured at 125 MHz in CSs.
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Structure of metal-carbide endoheadral metallofullerene Sc,C,@Csg(C>,)

OKoji Nakajima', Yuko Yamazaki', Takatsugu Wakahara', Takahiro Tsuchiyal,
Yutaka Maeda?, Takeshi Akasaka'*, Markus Waelchli®, Kenji Yoza®,

Naomi Mizorogi’, and Shigeru Nagase’

! Center for Tsukuba Advanced Research Alliance, University of Tsukuba, *Department of
Chemistry, Tokyo Gakugei University, I Bruker Biospin K. K., ‘Bruker AXS K. K., "Department

of Theoretical and Computational Molecular Science, Institute for Molecular Science

Metal-carbide encapsulated metallofullerenes have attracted special interest because of
encapsulation of the C, unit together with several metal atoms. Recently, it was revealed that
the structure of the dimetallofullerenes such as ScyCss(II) and Y,Css(III) is not normal
M,@Cs4 type, but MaCo@Cs, type encapsulated the metal carbide by 3C NMR spectral
determination[1, 2], single crystal[3] and powder X-ray diffraction analyses[4,5]. Moreover, it
is confirmed that Y,Cgs(1, II) have metal-carbide encapsulated Y,C,@Cs, structures by B
NMR spectral determination[2]. However, the structures of Sc,Css(I, 1) have not been
verified.

We herein report that the structure of Sc,Cga(II) is also not Sc,@Cgs but ScoCo@Cs,, which
has the Cg»(C,,) cage, by means of "C NMR spectral analysis and theoretical calculations. We
have succeeded in X-ray single-crystal structure analysis of pyrrolidinometallofullerene
ScrCo@Cao(IN(CH2)oNTrt (Trt = triphenylmethyl).

Ph—-Ph
ScC2@Cgyil) + ( N ) ScaCo@Caylll)
A (reflux)
e} in toluene / ODCB
¢} (=971)

[1] liduka, Y. et al., Chem. Commun. 2006, 2057-2059. [2] Inoue, T. et al., J. Phys. Chem. B 2004, 108, 7573-
7579. [3] liduka, Y. et al., Angew. Chem. Int. Ed. 2007, 46, 5562-5564. [4] Nishibori, E. et al., ChemPhysChem
2006, 7, 345-348. [S] Nishibori, E. et al., Chem. Phys. Lett. 2006, 433, 120-124.
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Discovery of the atomic-carbon-insertion reactions for fullerene growth

oTeruhiko Ogatal, Tetsu Mieno?, Yutaka Shibi', and Yoshio Tatamitani'

'Department of Chemistry and *Department of Physics, Shizuoka University, Shizuoka
422-8529, Japan

We have synthesized carbon C G C c o © C
monoxides C,O and fullerene C7o from €,0 = ¢,0 = C,0 — C;0 — C,0 — C,0 = C;0 — C,0
Ceo by the atomic-carbon-insertion
reactions (ACIRs) Fig.1 [1]. Atomic
carbon of :C “jump” into CC bonds
without cleavage of the overall
molecular structure and  without
significant side reactions. The ACIRs
seem to be involved in at least two / \
processes of fullerene formation, that C—C+C— C—E—C
is, in the formation of the soot
precursors and of the small carbon g@x |
clusters #<40. D=0 4 10— 531’“”""‘ G - C=C=0

For the mass spectrum in the
range of 9 to 30 clusters, Cox and
co-workers observed a periodic alteration in the ion signal amplitude every four atoms, with
maxima at n» = 11,15,19,23, and 27 and minima at » = 13,17,21,25, and 29. On other hand,
Achiba and co-workers observed strong signals at n = 10,14,18, and 22 [3], these preferential
evaporations are also observed by the photodissociation which is reminiscent of the Hiickel
rule 4n+2 for aromaticity [4]. They are interpreted by the ACIRs as follows:

:C :C :C
Cioa4182226..) = Ciisi92327..) = Ci2(6202428..) = Ci1317.2125,29...)

Fig.1.The atomic-carbon-insertion reactions (ACIRs)

Many authors suggest that the precursor of the fullerenes are soot [2b,3b,5]. Achiba
and co-workers found that the mass spectra of fullerenes, emerge at lowest fluence, were
observed even if only soot targets were exposed by the laser light [3b], and a certain
exothermic process occurred related to the formation of fullerenes [3c]. We have efficiently
created soot in the photolysis of C30, at 1000°C, where atomic-carbons were only active
chemicals and can cause the ACIRs. The ACIRs are efficient because they are abundant and
their activation energy is zero or low. Atomic-carbon has much higher formation enthalpy
than C and can release the surplus energy in the formation of the sp” bond, which makes the
following rearrangements and degradations easier. Therefore, the ACIRs are overwhelmingly
efficient especially under rather unfavorable conditions such as the soot formations. These
facts strongly suggest that the soot precursors are formed by the ACIRs.

[1] T. Ogata et al. (a) JACS, 117, 3593 (1995); (b) J. Chem. Phys.; , 102:, 1493 (1995); (c) 6 33 [AIAI R =
7 L, 3P-28 (2007); (d) Proceedings of CABON 2007 Conference, B083 (2007).

[2] Cox and co-workers (a) JCP, 81, 3322 (1984); (b) ibid. 88, 1588 (1988).

[3] Achiba & co-workers (a) JCP, 106, 9954(1997); (b) ibid. 107, 8927(1997); (¢) Eur.Phys.J.D, 16, 369(2000).

[4] M. Pellarin et al., JCP, 117, 3088 (2002).

[5] E. Osawa et al., JPC, 106, 7135 (2002).
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Chemical modification on a non-IPR metallofullerene: La,@Cr,

Xing Lu," Hidefumi Nikawa, | Takahiro Tsuchiya,’ Yutaka Maeda,* Takeshi Akasaka, " Naomi
Mizorogi,’ and Shigeru Nagase*’§
Center for Tsukuba Advanced Research Alliance, University of Tsukuba, Tsukuba, Ibaraki
305-8577, Japan, email: akasaka(@tara.tsukuba.ac.jp,
"Department of Chemistry, Tokyo Gakugei University, Tokyo 184-8501, Japan,
§Department of Theoretical and Computational Molecular Science, Institute for Molecular Science,
Okazaki 444-8585, Japan.

Abstract: La,@C;, was previously proposed to have a non-IPR cage structure of either #10611 or
#10958 by C NMR measurements.!! Theoretical calculations indicated that the cage of #10611
is energetically more stable,””! but unambiguous experimental results are still lacking. In this
work, a carbene reagent was adopted to functionalize La,@Cr,. Monoadducts were successfully
isolated and characterized with various kinds of measurements, including single-crystal XRD
method, which unambiguously presented that La,@C, takes the D, symmetric carbon cage of

#10611, with two pairs of fused-pentagons.

§ Laz@cn +
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Physical Properties of H, Endohedral Cg
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2Uji, Kyoto 611-0011, Japan
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The physical properties of atoms or molecules encapsulated inside nano-size cages have been one
of the very intriguing scientific issues. For performing experiments in order to have reasonable insight
to this issue, a large scale synthesis of such materials is needed. Recent success in macroscopic scale
production of hydrogen-molecule endohedral Cg, using a molecular surgery method in chemistry has
opened a door to a scientifically realistic research stage.

Using this advanced elegant chemical reaction method, pure Hy@Cqo was prepared in a 10 mg
scale, which affords one to carry out specific heat experiments as a function of temperature ranging
from 300 K down to 0.085 K using a *He/*He dilution refrigerator. The excess heat capacity appearing
in H,@Cy above 5 K, when it compared to that of Cg, can successfully be analyzed in terms of the
contributions of the localized vibrations and the free rotational motions of the encapsulated hydrogen
molecule. In the low temperature region, another heat capacity anomaly was found around 0.6 K with
the excess entropy of about 0.75RIn3, and the origin can be rationalized by considering the splitting of
the rotational energy level of hydrogen molecule. The results indicate that the rotational ground state
(J = 1) of the ortho-hydrogen should be split due to the lower symmetry of Ce than that of the high
temperature phase above the rotational phase transition at 260 K. The H,@Ceo system has also been
tested for observation of superconductivity. These measurements are very important to discuss
phonons in solid state physics.

The present work is partially supported by the 21st century COE program “Particle Matter
Hierarchy” MEXT Japan, and Center for Interdisciplinary Research Project in Tohoku University. This
work was performed by a Grant-in-Aid from the Ministry of Education, Science, Sports and Culture of
Japan, No. 15201019, 1771088, 18204030, 18651075 and 19014001.
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Pressure-Induced Structural Phase Transition of Two-dimensionally
polymerized Cg

(OYuichiro Yamagami and Susumu Saito
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Since the discovery of polymerization of solid Ce (fcc Ceo) [1,2], polymer phases
of solid Cep have attracted a lot of attention. As a polymer phase, three phases proposed by
Nufiez-Regueiro et al. are well known: the 1D orthorhombic, the 2D orthorhombic
(‘tetragonal’), and the 2D rhombohedral phases [3,4]. These polymer phases are interesting
targets for pressurization since there is a possibility that another polymer phase might be
synthesized by pressuring one of them. A variety of studies motivated by this idea have been
performed [5,6]. Recently, it was reported that a 3D polymer phase was synthesized by
pressuring the 2D orthorhombic phase [7]. The single crystal X-ray structure analysis
revealed that the product possessed the body-centered orthorhombic lattice, and the structural
model derived from the Rietveld refinement was also presented.

In the present work, we first performed the constant-pressure molecular dynamics
(MD) study of the 2D orthorhombic phase for pressure range about experimental condition
(12, 14, 16, 18, 20, 22, 24, 26, 28 GPa). In all pressure conditions, the 2D orthorhombic phase
transformed into a three-dimensional polymer phase. Most of all structures obtained from the
MD calculation possess the lattice in which Cg molecules form the body-centered
orthorhombic lattice. Moreover, the lattice constants are all relatively close to the
experimental values [7]. In addition, the obtained structures were found to have almost the
same covalent-bond network. However, there is a little difference in the bonding pattern of the
direction of a short edge of the conventional cell. In the obtained structures, Cgp molecules on
a diagonal line of the conventional cell are connected in the same manner as the experimental
model, and those on a middle edge are connected with two covalent bonds (horizontal
four-membered ring). Furthermore, those on a short edge are also connected with four to six
covalent bonds. Next, we performed the LDA analysis for one of the obtained structures.
Covalent-bond network of the obtained structure is mostly preserved through the geometry
optimization in the LDA. It is also found that the lattice constants are still close to the
experimental values. In addition, it is clarified that the obtained structure is metal from the
electronic density of states.

[11AM. Rao et al., Science 259, 955 (1993).

[21Y. Iwasa et al., Science 264, 1570 (1994).

[3] C.H. Xu and GE. Scuseria, Phys. Rev. Lett. 74, 274 (1995).

[4] Nufiez-Regueiro, L. Marques, J-L. Hodeau, O. Béthoux, and M. Perroux, Phys. Rev. Lett. 74, 278 (1995).
[5] S. Okada, S. Saito, and A. Oshiyama, Phys. Rev. Lett. 83, 1986 (1999).

[6] D.H. Chi, Y. Iwasa, T. Takano, T. Watanuki, Y. Ohishi, and S. Yamanaka, Phys. Rev. B 68, 153402 (2003).
{71 S. Yamanaka et al., Phys. Rev. Lett. 96, 076602 (2006).
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Imaging of Transportation of Single Hydrocarbon Chain
through Nano-sized Pore

(OTakatsugu Tanaka!, Masanori Koshino?, Niclas Solin',
Hiroyuki Isobe"Y, Eiichi Nakamura'~

'Department of Chemistry, The University of Tokyo, Tokyo 113-0033, Japan
2ERATO, Nakamura Functional Carbon Cluster Project, JST, Tokyo 113-0033, Japan

Molecular transport through nano-sized pores in a film, membrane, or wall structure
is an event of fundamental importance in a number of physical, chemical, and biological
processes. However, there is a lack of experimental methods that can obtain molecular-level
information on the structure and orientation of the molecules at the time of transportation, and
on the way that molecules interact with pores.

We recently demonstrated that time-resolved, near-atomic resolution imaging by
transmission electron microscope (TEM) provides a powerful method to study the structural
changes of single organic molecules in motion.!"! Here, we report that the TEM methodology
can image in what structure and orientation hydrocarbon chains pass through a nano-sized
pore on carbon nanotubes (CNTs), and how they interact with the pore. Such information thus

far was unavailable for the investigation of molecular transportation phenomena.
A c

OQQ (CH,)4CH=CH(CH,)3CH3 OQQ (CHy)11CHs
Seo Se2

1 (trans isomer) 2

Figure. (A) The structures of the sample molecules. (B) Sequential TEM images of alkeny! fullerene 1 encapsulated
in CNT as a function of time with the corresponding molecular models shown directly below. The figure captions
refer to the time after initiation of observation. Scale bar shows 1 nm. The arrow shows the position of the pore on
the sidewall of the CNT. (C) TEM image of alkyl fullerene 2 in CNT (shown in left). A simulation and the
corresponding model are shown on the right-hand side. Scale bar shows 1 nm.

9 Present Address: Department of Chemistry, Tohoku University, Aoba-ku, Sendai 980-8578, Japan
References: [1] M. Koshino, ef al., Science 2007, 316, 853; N. Solin, et al., Chem. Lett. 2007, 36, 1208.
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Synthesis of Pd-filled carbon nanotubes for the tip of SPM

O Tomokazu Sakamoto', Chien-Chao Chiul, Kei Tanakaz, Masamichi Yoshimural,
Kazuyuki Ueda'

1) Nano High-Tech Research Center, Toyota Technological Institute,
Nagoya 468-8511, Japan
2) Daido Bunseki Research Inc., Nagoya 457-8545, Japan

Recently growth of metal-filled CNTs has been reported and their characteristics have been
investigated”. Since the metal-filled CNT is expected to provide larger radial rigidity, higher
mechanical and thermal stability than the conventional hollow nanotube, it would be suitable
for the tip of scanning probe microscopy (SPM). Here we report synthesis of Pd-filled CNTs
onto the conventional W tip and Si cantilever by microwave plasma enhanced CVD
technique.

In order to optimize growth condition, we deposited Pd as a catalyst and Al as a buffer layer
on Si wafers and synthesized Pd-filled CNTs by microwave plasma enhanced CVD technique.
As seen in Fig.1, the diameter of Pd-filled CNTs depends on the Pd thickness, and minimum
diameter of Pd-filled CNTs is approximately 35 nm at the Pd thickness of 7.5 nm. Figure 2
shows TEM image (a) and diffraction pattern (b) of a Pd-filled CNT. It is found that the CNT
has graphen sheets of approximately 40-50 layers and the top of the catalyst is covered with
amorphous carbon of approximately 3 nm in thickness. The diffraction pattern reveals that the
material inside the CNT is a Pd nanowire with fcc structure. Growth of CNTs on scanning
probe microscopy (SPM) probes is also presented.
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Fig.1: Relationship between the diameter of  Fig.2: (a) TEM image of Pd-filled CNTs. (b) EDP in
CNTs and Pd thickness. the view of Fig.2 (a).
[11Y. Hayashi, T. Tokunaga, S. Toh, W.-J. Moon, and K. Kaneko: Diamond Relat. Mater. 14 (2005) 790.
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Electronic Structure of Polyyne Molecules by Resonance Raman and
Optical Emission Spectroscopy

Tomonari Wakabayashi

Department of Chemistry, Kinki University, Higashi-Osaka 577-8502, Japan

Polyynes, a family of molecules with linear carbon chains in their molecular structures,
are model compounds for yet uncharacterized allotrope of carbon, namely, carbyne. Along the
sophisticated compounds form chemical synthesis, some simple molecules have become
accessible in milligram quantities by laser ablation or arc discharge. In this presentation,
recent studies are reviewed focusing on the electronic structure of the linear polyyne
molecules and some questions that have emerged form these studies are discussed.

The molecules of interests including H(C=C),H, H(C=C),C=N, and N=C(C=C),C=N are
formed by laser ablation of graphite particles in organic solvents. The hydrogen-capped
polyynes, H(C=C),H, are relatively stable under dilute conditions in hexane and subjected to
optical spectroscopy, i.e., normal Raman and SERS [1], resonance Raman [2], and laser
induced emission spectroscopy [3]. The excitation of the molecule via the allowed electronic
transition by uv photon (~3.9-5.0 eV) is followed by relaxation via Rayleigh and Raman
scattering, internal conversion, and so on. As revealed from the weak emission spectra for
Cy,H, (n=5-8) as well as the corresponding absorption spectra, the molecule has a low-lying
clectronic state at ~2.5-3.0 eV above the ground state (see Fig. 1). According to the
Herzberg-Teller mechanism, the forbidden transition becomes weakly allowed, when the
electronic transition is accompanied by an excitation of the trans-bending vibrational mode of
n, symmetry [3]. The information for the low-lying electronic states of the molecule is

demanded for understanding of the optical properties of composite molecules, such as
Co, Ho@SWNTSs [4-6].
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Photoinduced Charge-Separation of
Carbon Nanohorns with Porphyrin Connected via Amino Group

°Osamu Ito,* Atula Sandanayaka,® Yasuyuki Araki, * Takatsugu Tanaka,” Hiroyuki Isobe, "
Ei-ichi Nakamura,” Masako Yudasaka,® Sumio Iijimac’d

“Tohoku University, *University of Tokyo, NEC, “Meijo Universily

Carbon nanohorns (CNHs) have been extensively
studied, due to their unique properties, including their
photo-physical properties dispersed in solutions.
Here, we report light induced charge separation
processes of amino-substituted CNHs and its adduct
with tetracarboxylic porphyrin dispersed in aqueous
solution studied by the steady-state and transient

oo

spectroscopic methods.” From the fluorescence

lifetime measurements of anionic porphyrin (HyP*) | Fig. 1. CNH-NH,-H,P" hybrids.

attached on CNH-NH, (Fig. 1), appreciable shortening of the
fluorescence lifetime of H,P* was observed by the binding
and adsorption on CNHs as shown in Fig. 2, suggesting the
photoinduced charge separation via the singlet excited state of
H,P* to CNH-NH,. The transient absorption spectra (Fig. 3)
show the absorption peaks due to the radical cation of H,P* in
the 600-800 nm regions, in addition to the triplet state of
H,P*, which are broaden by strong interaction with
CNH-NH,. With the steady-light illumination of
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(methyl viologen dication, MV*"), the accumulation of
MV*" as electron pool was confirmed by the characteristic

620-nm band in the co-presence of hole transfer reagent (BNAH) as shown in Fig. 4. This
observation indirectly supports that charge-separation between the excited singlet state of
H,P* and CNH generates respective hole and electron, from which the electron mediates from
CNHs to MV%, yielding MV"*", whereas the hole on H,P* mediates to BNAH, retarding back
electron transfer processes. Finally, steady-state concentration of MV*" can be accumulated as

electron pool in aqueous solution.
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Non-collinear Magnetic Phase Diagram of Graphene Nanoribbons
K. Sawada' O, F. Ishii', M. Saito', S. Okada?, T. Kawai’

' Graduate School of Natural Science and Technology, Kanazawa University, Kakuma,
Kanazawa 920-1192, Japan
? Institute of Physics and Center for Computational Sciences, University of Toukuba,
Tennodai, Tsukuba 305-8571, Japan
* Fundamental and Environmental Research Laboratories, NEC Corporation, 34
Miyukigaoka, Tsukuba 305-8501, Japan

Recently, graphenes attract much attention as candidates for spintronics materilas [1,
2]. One of the reasons is that the flat-band ferromagnetism appears at zigzag edges of
graphenes [3]. It was reported that the magnetic ground state of zigzag-edged graphene
nanoribbon (ZGNR) has an anti-ferromagnetic (AFM) structure consisting of two
ferromagnetic (FM) chains along both edges. Then, theoretical design of the FM states
of carbon-based materials is challenged by several groups [4, 5].

In this paper, we clarify that the FM and non-collinear magnetic (NCM) states of
ZGNR can be induced by carrier doping, which is achieved by means of the electric
field effect method [6]. We have performed non-collinear density-functional calculations
and have revealed the magnetic phase diagram of ZGNR, i.e., Fig. 1 shows the relative
total energy AE per the edge-atom which depends on the carrier-doping concentration
x (e/Cell) and the spin-canting angle & between two atoms at both edges (see Fig. 2).
We find that the AFM phase (8 =180°) is transformed into the FM(8 =0°) phase by
either electron (x <-0.12) or hole (0.12 < x) doping, It should be noticed that NCM
states (0° < 8@ <180°) appear between the AFM and FM phases.
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Fig. 1: The magnetic phase diagram of ZGNR. ZGNR.
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High temperature treatment of carbon fullerene soot and formation of
multi-shell carbon nano-capsules filled with La carbide

OKazunori Yamamoto®, Takatsugu Wakahara®, Takeshi Akasaka”
“Nanomaterials Research Group, Quantum Beam Science Directorate,
Japan Atomic Energy Agency, Tokai-mura, Naka-gun, Ibaraki 319-1195, Japan
bCenter for Tsukuba Advanced Research Alliance, University of Tsukuba, Ibaraki 305-8577, Japan
Abstract:

There has been great interest in the incorporation of foreign materials into fullerenes,
nanotubes, and fullerene-like multi-shell cage structures such as polyhedral nanocapsules.

Fullerenes encapsulating one La atom (called endofullerenes) were discovered in the fullerene
soot formed by laser vaporization and following deposition of La with carbon under Ar flow [1].
Soon after the endofullerene soot was produced macroscopically by arc-discharge method [2].
Endofullerenes encapsulating one La atom (such as La@Cs,) formed in the soot were extracted by
toluene [1], and well identified after their purification by HPLC [3].

On the other hand, polyhedral nanocapsules containing La element were not found in the
fullerene soot, which were discovered in carbonaceous cathode deposits formed by arc-discharge
evaporation and following deposition of La with carbon on the cathode surface [4, 5]. Electron
diffraction (ED) revealed that the capsules were filled with LaC; single crystals, not La metals [5].
Transmission electron microscopy (TEM) characterization showed that the endohedral graphitic
nanoparticles were usually seen in the deposit, not in the soot.

In this study, multi-shell single-digit nanoparticles filled with La have been found in La
fullerene arc soot synthesized at 35 Torr He, which is lower than the ordinal pressure for the fullerene
and nanotube condition. Typical TEM picture of the soot is seen in Figure 1, where most of the
single-digit nano-particles contain La. Furthermore, the soot materials have been treated at
temperatures between 1000 and 2200°C in vacuum. The modifications resulting from the heat
treatment have been followed by TEM and thermogravimetric (TG) measurements. The single-digit
nanoparticles have been transformed into larger multi-shell nanoparticles filled with LaCs.
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Figure 1. TEM image of multi-shell single-digit
nano-particles in La fullerene soot synthesized
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Monodisperse Single-Nano Diamond Particles as Seeding for CVD
Diamond Thin Films. 1. A New Seeding Technique

OSachio Inaba”, Takashi Tarao,” Masaaki Kawabe,” Oliver A. Williams® and Eiji Osawa’

*Japan Vilene Co., 2-14-5, Soto-Kanda, Chiyoda-ku, Tokyo, Japan
SInst. Mater. Res., Hasselt Univ., Wetenschapspark 1, B-3590 Diepenbeek, Belgium
"NanoCarbon Res. Inst., AREC, Shinshu Univ., 3-15-1 Tokida, Ueda, Nagano 386-8567, Japan

Purpose

Being the world’s smallest artificial diamond, our single-nano diamond (SND,
d=4.77£0.76 nm) particles" obtained by disintegrating crude agglutinates of detonation
nanodiamond offer the best possible seeding for homoepitaxial growth of CVD diamond
films.” Despite vigorous R&D efforts since the breakthrough in CVD diamond growth
technique (hot filament) by Sedaka e al. in 1982,” no diamond film having acceptable
qualities regarding density, transparency, growth rate and surface smoothness has been
produced on large scale, primarily because small enough diamond seeds were not available
until the SND was rediscovered in 2002." Our first and probably the most important task
towards our temporal goals of obtaining good-quality NCD,UNCD films by CVD using SND
seeiczlsg i2s to develop a coating technique capable of reaching a seeding density in the order of
10“/em”.

Results

Preparation of nanodiamond colloid having virtually unimodal distribution. Our SND
used to contain 5-10% of double-nano diamond single crystals. Improvements in the
purification steps afforded products containing more than 98% of particles having diameters
between 4 and 5 nm.

Dip-coating of 0.05~0.1% aqueous colloid of SND over silicon wafers on a MicroDip
(ND-0408, SDI Co.) at a pulling speed of 0.1 mm/s afforded uniform coating of single layer
of SND. Seeding densities of the order of 10'/cm® have been achieved. Even by
immersion-coating, this level of density could be achieved when SND colloid was used. CVD
diamond films grown over such seeded plates were of high quality.2’4) However, we soon
noticed that these simple coating methods provide too small degree of freedom for precise
attenuation of seeding conditions.

Colloid-jet printing. It occurred to us that the ink-jet printing technique may be modified
for CVD seeding instruments to allow the highest possible seeding density and also to align
and orient SND crystals on the surface of substrate. Preliminary examination using an Ink Jet
Patterning instrument (NanoPrinter-500D) from MicroJet Co. is giving out promising results.
Colloidal solutions of 0.01% SND in ethylene-glycol/ethanol (8:2) mixed solvent and a set of
128 jet-nozzles each having a diameter of 40 pm are being used.
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Intensity enhancement of intermediate frequency Raman mode (IFM)
by the presence of very small diameter SWNTSs

OYohji Achiba, Yasuhiro Tsuruoka, and Keisuke Urata
Department of Chemistry, Tokyo Metropolitan University, Tokyo 192-0397, Japan

Raman scattering spectroscopy has been established as a powerful tool to clarify the
electronic and vibrational properties of SWNTs. As has been well known, there are basically
two types of Raman active modes; i.e., radial breathing mode (RBM) and tangential mode
(T-mode or G-mode), and the origin of the appearance of these optical phonons has been
understood by the first order process of electron-phonon interaction.

Since the first systematic report on the Raman spectrum of SWNTs!", on the other hand, in
addition to these strong RBM and T-mode Raman bands, the appearance of very weak but
distinctive Raman bands has been reported in the intermediate frequency region
(500-1200cm™) and these Raman bands have been called as “intermediate frequency mode
(IFM)”2. Usually the intensity of these IFM is less than 10% of those of RBM or T-M.
Furthermore, by changing excitation photon energy, the observed frequency of the IFM band
changes as a ”step-like” behaviors suggesting the excitation of only some SWNTs with
specific chiral indices. With use of rather simple theoretical approach, such a behavior has
been understood by the Raman scattering caused by the combination of optical and
acousticlike phonons™*. The previous reports has further indicated that because of the
momentum conservation rule, in the case of IFM, only the SWNTs with a zigzag type or near
zigzag type should be selectively excited as the candidate for showing experimental IFM
bands.

In the present paper, we demonstrate the observation of extraordinary strong IFM Raman
bands for the sample containing the SWNTs with very small diameter. Intensity of the IFM
bands observed in the present work is almostly the same as the one for the RBM. The
diameter distribution of the sample is centered at around 0.6-0.5 nm and very strong RBM of
(5,4) and (7,2) were observed by the excitation of 488 nm and 633 nm, respectively. Figure 1
shows the Raman scattering spectrum of the frequency region from 100 em’! to 5000 em™.
The two bands with a broad feature appearing at 3000-4000 cm-1 are due to fluorescence
bands of (5,4) and (6,4) SWNTs. In the spectrum region between 500-2600 cm’’, there
appears at least 6 peaks which are able to be assigned to IFM(shown by arrows). Detailed
analysis and discussion will be performed in the symposium.
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Mechanism of Gold-Catalyzed Carbon Material Growth
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Unlike the iron-group metals, carbon solubility of Au is extremely low in bulk phase.
However single-walled carbon nanotube (SWCNT) can be grown from Au catalysts'. For the
clarification of the SWCNT growth mechanism from metal catalysts, it is necessary to
consider the results of Au-catalyzed SWCNT growth. In present report, we discuss the growth
mechanism of SWCNT from Au based on the observation of carbon nanowire (CNW) growth.

We synthesized carbon materials by chemical vapor deposition (CVD) with ethanol or
methane. Interestingly, Au-catalyzed carbon material growth by CVD undergoes a structural
change, either a CNW or a SWCNT, depending on the catalyst particle size.

Figure la is the TEM image of carbon materials grown from ~10 nm Au particles. The
TEM image reveals that grown materials are wires not tubes. Figure 1b (SEM) and 1c (TEM)
are the results for carbon material growth catalyzed by Au particles ~5 nm or smaller. The
TEM image (c) reveals that grown materials are SWCNTs.

CNW formation provides insight into carbon material growth mechanism from Au catalysts.
In the Au catalyzed semiconductor nanowire growth, Au and source elements of nanowire
form eutectic alloy™”. Similarly, CNW formation from Au catalysts means Au can form Au-C
eutectic alloy during carbon material growth. When Au catalyst particle size is 10-30 nm,
supersaturated carbon atoms form CNW at the catalyst-substrate interface. In contrast,
supersaturated carbon atoms in Au catalyst particles 5 nm or less form a carbon cap on the
particle surface and the cap leads SWCNT growth®. Present results show that nanosized Au
have a significant carbon solubility unlike bulk Au. As a result, Au-C alloy is formed and the
Au-C causes CNW and SWCNT growth.

L

Figure 1. Carbon material growth from size

12

-controlled Au nanoparticles
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Acetylene Assisted Fast Growth of Vertically Aligned Single Walled
Carbon Nanotubes in Alcohol Catalytic Chemical Vapor Deposition

O Rong Xiang, Jun Okawa, Zhengyi Zhang, -

Erik Einarsson, Yohei Miyauchi, Yoichi Murakami, Shigeo Maruyama

Department of Mechanical Engineering, The University of Tokyo

With an in situ optical absorption, [1] we studied the influences of different foreign

molecules on the activity of Co/Mo in alcohol catalytic chemical vapor deposition

(ACCVD). An interesting growth acceleration phenomenon was observed when

acetylene was introduced to growing SWNTs. Fig. la shows that growth rate was

enhanced almost 10 times in case of only 1% acetylene. However, pure acetylene of

same partial pressure deactivated catalysts in a couple of seconds, no mater with or

without an cap formed from ethanol. Then, when ethanol was re-supplied, the activity of

these partially poisoned catalyst particles could be recovered, as shown in Fig. 1b.
Therefore, the importance of ethanol for SWNT growth, not only at the beginning stage,

was demonstrated and detailed mechanism is to be discussed. Several other recent

results [2, 3] on the growth mechanism and structure control of vertically aligned
SWNTs in ACCVD will also be presented.
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Figure 1. Acetylene assisted ACCVD: (a) a typical growth curve showing growth can be
significantly accelerated when acetylene is introduced; (b) a growth started with ethanol and
continued by only acetylene, indicating that, without ethanol, catalyst will be deactivated in
seconds but this partial poisoned catalyst can be re-activated by ethanol. A possible mechanism
was proposed as the inset.
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Discovery of Novel Carbon Structure: Graphene Multi-Layers
Spontaneously Formed on the Top of Aligned Carbon Nanotubes

ODaiyu Kondo, Shintaro Sato, Akio Kawabata, Yuji Awano

Nanotechnology Research Center, Fujitsu Laboratories Ltd., 10-1 Morinosato-Wakamiya,
Atsugi 243-0197, Japan

Novel carbon structure composed of graphene multi-layers and aligned multi-walled
carbon nanotubes (MWNTs) has been discovered. The new structure has graphene
multi-layers spontaneously formed on the top of aligned MWNTs, which was obtained by
chemical vapor deposition (CVD). The graphene layers are perpendicular to the aligned
direction of MWNTSs. The obtained structure is clearly different from usual vertically-aligned
MWNTs [1], and looks like carbon nanotubes with parasols.

The CVD process was performed in a low-pressure vacuum chamber. As the carbon
source, a mixture of acetylene and argon gases was introduced into the CVD chamber, where
the substrate was placed. The substrate temperature and total pressure were 510 °C and 1kPa,
respectively. As a catalyst, a 2.6-nm-thick cobalt film on a titanium nitride film by the
conventional sputtering method was used. Figure 1(a) shows a cross sectional image of the
new carbon structure on a silicon substrate by scanning electron microscopy (SEM). A flat
structure on vertically aligned MWNT bundles is clearly observed. Analyzing this flat
structure by transmission electron microscopy (TEM) in Fig. 1(b), we have found that the flat
structure is composed of multiple graphite domains next to each other, whose thickness was
estimated to be approximately 18 nm. This thickness can be controlled by the growth
condition and catalyst composition. The obtained structure is unique and can be synthesized at
low temperature. Therefore, it may find new
applications in the electronic industry.
Details will be discussed in the presentation.
The authors thank Dr. Naoki Yokoyama,
Fellow of Fujitsu Laboratories Ltd. for his

support and useful suggestions.
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MWNTs; (b) TEM image of the graphene

multi-layers.
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Stability of Double Wall Carbon Nanotubes on Oxidation

(OHiromichi Yoshida, Toshiki Sugai, Hisanori Shinohara

Department of Chemistry & Institute for Advanced Research,
Nagoya University, Nagoya 464-8602, Japan
CREST, Japan Science and Technology Agency, c/o Department of Chemistry,
Nagoya University, Nagoya 464-8602, Japan

The purification of double-wall carbon nanotubes (DWNTs) is crucial to properly
characterize their structural, electronic and magnetic properties. To purify DWNTs
produced by the high temperature pulsed arc discharg method (HTPAD) [1], we have
utilized a high-temperature oxidation processes together with a reported dispersion
technique [2]. In this purification process of carbon nanotubes (CNTs) dependences on
the stability of the number of layers and on diameters are important to obtain pure
nanotube materials. Here, we have investigated the structural stability of the
HTPAD-DWNTs on high-temperature oxidation (i.e., burning) in terms of the number
of layers and oxidation temperature.

DWNTs together with the single-wall CNTs (SWNTs) having a maximum diameter of
1.8 nm were synthesized by HTPAD using Ni/Co/Y catalysts. The as-grown material
was heated at 360°C and was dispersed into surfactant, which was mixed with fumed
silica and dried into a powder. The powder was then reﬂuxed in HZOZ, and ox1dlzed at
temperature between 500 and 600°C to remove =
SWNTs [1]. DWNTs were recovered after
elimination of silica. The diameter distribution of
such CNTs and the relative abundance of DWNTs
and SWNTs were estimated by TEM observation.

Figure 1 shows a TEM image in which most of
the thin SWNTs and DWNTs (a,b) are oxidized
but thicker SWNTs and DWNTs (c,d) remain; the
stability towards the oxidation increases as the
diameter of CNTs increase. Figure 2 (a) and (b)
present diameter distributions before and after
oxidation, respectively. SWNTs with the diameter Eldai i el & L0 0
around 1.4 nm are completely oxidized, whereas  Fig.1 TEM image of purified CNTs
SWNTs around 1.0 nm are newly appeared. These
thin SWNTs originate from inner layer of thin (2)
DWNTs, which are seen in Fig. 1(b). The thicker
SWNTs with a diameter around 1.8 nm are
enriched by the oxidation, and DWNTs of a
similar diameter are twice as abundant as the
corresponding SWNTs. The stability of CNTs
against oxidation is mainly governed by both the
number of layers and the diameters.

DWNTs inner
B SWNTs
ODWNTs outer|

count

[1]T. Sugai et al., Nano Lett. (Comm.), 3, 769 (2003)
[2] H. Yoshida et al., 30" F&NT symposium, 2P-22 (2006)

Corresponding Author : Hisanori Shinohara 1 12 14 16 18 2
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(a) before and (b) after oxidation
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Separation of Metallic and Semiconducting Single-Wall Carbon Nanotubes
by Gel Electrophoresis

(OTakeshi Tanaka, Hehua Jin, Yasumitsu Miyata, Hiromichi Kataura

Nanotechnology Research Institute, National Institute of Advanced Industrial Science and
Technology (AIST), 1-1-1 Higashi, Tsukuba, Ibaraki 305-8562, Japan

As-produced single-wall carbon nanotubes (SWCNTs) contain metallic and
semiconducting ones (MSWCNTs and sSWCNTs, respectively). The heterogeneity is one of
the most crucial problems preventing application of SWCNTs. There are several reports on
the separation of mSWCNTs and sSSWCNTs by dielectrophoresis [1], amine extraction [2],
ion-exchange chromatography of SWCNTs dispersed by DNA [3], and density-gradient
ultracentrifugation [4, 5]. Here we report a novel separation method of mSWCNTs and
sSWCNTs by gel electrophoresis. Since the new method is quite simple, quick and scalable, it
could be suited for the industrial production. SWCNT dispersion was prepared by a sonication
in the presence of detergent, followed by a centrifugation. We first applied the solution to gel
electrophoresis (Fig. 1). The mSWCNTs were concentrated in the fractions 3 and 4 and
sSWCNTs were in the frac. 1, which means the mSWCNT moved faster. In this case, however,
about 90% of the initial SWCNT was left mixed in the frac. 2. We then used
SWCNT-dispersed gel as a sample of gel electrophoresis and found a drastic improvement in
the separation (Fig. 2). In this method, most of mSWCNTs moved out from the starting gel
and formed the frac. 2, while sSSWCNTs remained in the gel (frac. 1). As a result, almost all
SWCNTs applied to gel electrophoresis were separated into respective electronic type. The
principle of the separation is still not clear but is thought to be different from standard gel
electrophoresis.

References: [1] Krupke et al., Science 2003, 301, 344, [2] Maeda et al., JACS 2005, 127, 10287, [3] Zheng et al.,
Nat. Mater. 2003, 2, 338, [4] Amold et al., Nat. Nanotechnol. 2006, 1, 60, [5] Yanagi et al., The 331
Fullerene-Nanotube General Symposium 2007, 56.

Corresponding Author: T. Tanaka, Tel: 029-861-2903, Fax: 029-861-2786, E-mail: tanaka-t@aist.go.jp
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The New Feature Development of
Carbon Nanotubes-Polybenzimidazole Composite

oMinoru Okamoto, Tsuyohiko Fujigaya and Naotoshi Nakashima

Department of Applied Chemistry, Graduate School of Engineering
Kyushu University, Fukuoka, Japan

Carbon nanotubes (CNTs) have expected in most areas of science and engineering due to
their mechanical properties, electrical properties and so on[1]. But, the application of CNTs is
limited because they form bundles each other and possess poor solubility in any solvents. Many
researches of dispersing CNTs in solvent and preparing CNTs-polymer composites has been
reported[2]. In this time, we focus on Polybenzimidazole (PBI) as polymer materials. PBI is used as
super engineering plastic because of the heat stability. In addition, PBI is expected to apply for solid
polymer electrolyte membrane of fuel cells.

First, we examined if PBI can solubilize CNTSs in
solvent. CNTs were added to the solution which PBI
was dissolved in dimethyl sulfoxide (DMAc). This
solution was sonicated to dissolve CNTs, followed by
centrifugation. Fig.1 (A) shows the absorption spectra
of the suspention after centrifugation. For comparison,
the same operation without PBI was carried out and
absorption spectra is shown in Fig.1 (B).

Absorbance

In the case of the solution including PBI (Fig.1 ol ,
(A)), the characteristic spectral features due to 600 800 1000 1200 1400 1600
dissolved CNTs were clearly observed in the near-IR Wavelength / nm
region. On the other hand, the characteristic absorption Fig.1 Vis-NIR spectra of CNTs solution
due to CNTs was not observed in the absence of PBI (A) with PBI (B) without PBI
(Fig.1 (B)). This means PBI can act as solubilizer for CNTs. It is attributed that the n-n
interaction between PBI and CNTs plays an important role for debandling of CNTs.
film was measured, and found that those of
CNTs-PBI composite film is about 1.6 times higher

than PBI film without CNTs. Fig.2 CNTs-PBI composite film and PBI film.

Next, the CNTs-PBI composite films and PBI
films were prepared by spreading each solution on a
glass plate and the solvent was evaporated, (Fig.2).
The tensile strength and Young’s modulus of each

[1] D.Tasis, N. Tagmatarchis, A. Bianco, M. Prato, Chem. Rev., 106, 1105 (2006).
[2]J. N. Coleman, U. Khan, Y. K. Gun’ko, Adv. Mater., 18, 689 (2006).
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TEL/FAX: +81-92-802-2840, E-mail: E-mail: nakashima-tcm@mbox.nc.kyushu-u.ac.jp
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Reduction of low-temperature-growth-CNT via resistances using inner
layers by Chemical Mechanical Polishing

OXentaro Ishimaru', Daisuke Yokoyamal, Takayuki Iwasaki', Shintaro Sato?,
Takashi Hyakushima2 , Mizuhisa Nihei?, Yuji Awano” and Hiroshi Kawarada'

School of Science and Engineering, Waseda university, Tokyo 169-8555, Japan
’MIRAI-Selete, Atsugi 243-0197, Japan

We have grown carbon nanotubes (CNTs) by remote plasma chemical vapor
deposition (RP-CVD) lower than 390°C (Fig. 1(a)), which is tolerable temperature for
LSI fabrication process, and measured their electrical properties| 1]. However, high
values of via resistance were observed owing to the surface ununiformity. To overcome
this problem, we applied Chemical Mechanical Polishing (CMP) [2] to planarize CNT
vias. CNT vias were successfully planarized by CMP (Fig. 1(b)(c)). Since caps of
multi-walled MWNTs would be removed by using CMP, carrier conduction should
occur on many inner layers as well as the outermost layers. (Fig. 2) Vias planarized by it
has much lower resistances than those of without it. In this study, the lowest via
resistance at a 2um via was 16 Q without CMP and 0.6 Q with CMP, which is close to

that of tungsten vias.We also observed ohmic characteristics in temperature dependence.

() (b)
¥y
0:‘:.':‘
Fig. 1 SEM i fa CNT via (2 . ‘
8 images of a CNT via (2um) OF i Fig. 2 Carrier paths before and after
a) MWNTs grown at 390°C from a via '
® . g CNTs CMP (a) only the outermost layer (b)

structure (b) A CNT via planarized by CMP %%
e ™ all layer of MWNTs

G

(c) Magnified picture of the via surface

Acknowledgements: This work was completed as part of the MIRAI Project supported by NEDO.
[1] D. Yokoyama, H. Kawarada, et al., Proc. 32nd Fullerrene-Nanotubes General Symp. 3-3(2007)
[2] M. Nihei, et al., [EEE Int Interconnect Technol. Conf. 2007, 204 (2007)

[3] D. Yokoyama, H. Kawarada, et al., Appl. Phys. Lett. 91, 263101(2007)
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Growth of Carbon Nanotubes by Carbon Transmission Method

oTakeshi Hikata', Kazuhiko Hayashi', Tomoyuki Mizukoshi’,
Yoshiaki Sakurai’, Itsuo Ishigamiz, Takaaki Aoki’, Toshio Seki®, and Jiro Matsuo’

'Sumitomo Electric Industries, Ltd., Osaka 554-0024, Japan
*Technology Research Institute of Osaka Prefecture, Osaka 594-1157, Japan
IF. aculty of Engineering Quantum Science and Engineering Center, Kyoto University,
Kyoto 606-8501, Japan

Carbon nanotubes (CNTs) have been expected as ideal Separator (Ag)

electric wires with the excellent properties of low CNT
resistivity, high strength and light weight. However, it is Y

difficult to fabricate the long length wires because it is Carbon

difficult to maintain the growth rate of CNTs by covering Source

of unnecessary harmful carbon formed on nano-sized gas

metal particle catalysts in thermal CVD process. We have Side A / Side B
proposed the Carbon Transmission Method (CTM) for : 7 - A
continuous growth of CNT with the concept of the Fe filaments reas
separation between carbon source gas supply and Fig.1 Carbon Transmitting Method

CNT growth as shown in Fig.1. ™ The CTM catalyst
foil specimen with thickness of 50pm is composed of Fe
filaments through the Ag foil of the separator between the
carbon source gas supply (side A) and CNT growth (side B). l
The both end of Fe filaments in the Ag foil were exposed
by chemical etching of Ag with an aqueous solution of NH3
and H,O,. The exposed Fe filaments had thickness of sub
um and width of a few pum. - -
The carbon source mixed gas (CH4 ,H2 and Ar ) was .
provided on one end of Fe filaments (side A), and Ar gas I BNV
was provided on the other end of Fe filaments (side B) at Fig.2 SEM photograph at side A.
850 °C for 2 hours. As the result of the heat treatment, CNTs were not found.
CNTs were not found at side A in the carbon source
mixed gas as shown in Fig.2. In contrast, CNTs with
diameter of about 10 - 50 nm were generated at side B as
shown in Fig.3. The maximum length was over 100 um.
Next, we carried out the experiment in the same heat
treatment condition using an annealed CTM catalyst foil
specimen in H; gas at 800 °C. As a result, CNTs were not
observed at side A and B. It indicates that the reduction of
oxide layer on the Fe filaments by H; gas leads
disappearance of the CNT growth at side B. The oxide layer ~ Fig.3 SEM photograph of
or the boundary becomes the starting point of CNT growth in CNTs at side B.
Ar gas.
Corresponding Author: Takeshi Hikata /E-mail: hikata-takeshi@sei.co.jp
TEL: +81-6-6466-5790, FAX: +81-6-6466-5705
[1] T.Hikata et al., The 33™ Fullerene-Nanotubes General Symposium, 1-11(2007).
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Synthesis of Radially-Aligned Carbon Nanotube Powder by SiC Surface
Decomposition Method

OKazuo Yoshikawa®, Motohiro Yamamoto™® and Michiko Kusunoki®

“ Research & Development Div, Tokai Carbon Co.,Ltd. Tokyo 107-8636 Japan.
b Electro and Material Department, Japan Fine Ceramics Center, Nagoya 456-8587 Japan
“ Division of Environmental Research, EcoTopia Science Institute,

Nagoya University. Nagoya 464-8602, Japan

The SiC surface decomposition method is one of the synthetic methods of carbon nanotube
(CNT) [1] and the growth mechanism and the characteristics have been reported [2,3]. The
CNTs synthesized by this method have unique features, which are highly-aligned,
catalysis-free and highly-dense. According to previous reports, the CNTs formed on single
crystals of SiC, which is rather expensive, have been investigated as the raw material. In this
study, for industrial mass production, we tried to synthesize aligned and high-quality CNT
powder using SiC powder, which is relatively low cost.

We revealed that synthesis of CNT powder
required appropriate CO gas partial pressure
control (the pressure range: 1-100 Pa) and
appropriate CO gas fluidization, especially in the
process of CNT nanocap formation (the
temperature range: 1100-1400 degree Celsius).
However, the quality of CNT, which was
synthesized by the CO gas controlling method,

was not sufficient yet. As a result of

investigating the raw material of SiC powder, we
Figl. TEM image of a radially-aligned

CNT particle

found well-crystallized SiC particles provide
radially-aligned CNT particles (Figl).

References:

[1] M.Kusunoki, M.Rokkaku, T.Suzuki: Appl. Phys. Lett., 71, 2620 (1997).

[2] M.Kusunoki, T.Suzuki, T.Hirayama and N.Shibata: Appl. Phys. Lett., 77, 531 (2000).

[3] M.Kusunoki, T.Suzuki, C.Honjo, T.Hirayama, N.Shibata: Chem. Phys. Lett., 366, 458 (2002).
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Photoluminescence of mono-dispersed single-walled carbon nanotubes
made by using arc-burning method in nitrogen gas atmosphere

OTakashi Mizusawa', Shinzo Suzuki', Toshiya Okazaki’, Yohji Achiba’

"Department of Physics, Kyoto Sangyo University, Kamigamo-Motoyama, Kita-ku,
Kyoto 603-8555, Japan
’Research Center for Advanced Carbon Meterials, AIST, Tsukuba 305-8565, Japan
' Department of Chemistry, Tokyo Metropolitan University, Hachioji,
Tokyo 192-0397, Japan

Abstract: In this presentation, photoluminescence of mono-dispersed carbon nanotubes
(SWNTs) made by using arc-burning method in nitrogen gas atmosphere was
investigated, since it was suggested that the purity of SWNTs is relatively high, almost
comparable to those obtained with laser-ablation method [1]. Typical
photoluminescence mapping of mono-dispersed SWNTs in surfactant solution is shown

in the figure, demonstrating that the 1050

diameter distribution of them is narrow, 1200
comparable to those obtained by laser-
ablation method [2], though broad
background signal can also be seen.

This work was partly supported by the

funds of Nippon Sheet Glass Foundation

sxcitation wavelength / nia

for Material Science and Engineering
(NSG Foundation) and the Ministry of
Education, Culture, Sports, Science and
Technology (MEXT).
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[2] T. Okazaki et al., Chem. Phys. Lett., 420, 286(2006).
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Production of SWNTs by Laser Ablation and ACCVD

(OShin-ichi Kodama, Atsushi Ikeda, Yuki Masuo, Tetsushi Murakami, and
Tomonari Wakabayashi

Department of Chemistry, Kinki University, Higashi-Osaka 577-8502, Japan

The purity of single-wall carbon nanotubes (SWNTS) is one of the crucial factors for the
study of encapsulation of molecules. Among the possible impurities, amorphous carbon that
covers the surface of the nanotubes will affect most seriously to lower the efficiency for
encapsulation. The methods to remove amorphous carbon reported so far include heating of
the pristine SWNTSs in the air, in aqueous hydrogen peroxide, or in boiling water. In this work,
we produced SWNTs by both laser ablation and alcohol catalytic CVD (ACCVD) and
compared them in view of the quality for molecular encapsulation.

First, in order to refine the experimental conditions for high yields under laser ablation,
diameter distributions of SWNTs in the pristine materials were studied by Raman
spectroscopy as a function of pressure of the buffer gas. The experimental conditions (~1100
°C, Nd:YAG 1064 nm 0.8 J/pulse at 10 Hz, Ni/Co 0.6/0.6 wt %) were kept throughout the
experiments except for the pressure of Ar gas (~250-610 Torr). Judging from the
RBM-frequency regions in the Raman spectra (<300 cm’', inset in Fig. 1), a fraction of
SWNTs of smaller diameters decreased by increasing the pressure. The tendency for
increasing diameters in average has been reported under higher temperature conditions. Thus,
considering the effect of high pressures as confinement of high-temperature particles of
carbon and metals, the effective temperature of the precursory particles would be higher under
the high pressures. Second, with electron microscope images, the materials from laser
ablation contained a substantial amount of amorphous carbon. Finally, the pristine SWNTs
were heated at 300 °C in the air and sintered in solutions of molecules, e.g., polyynes C,,Ho,
for encapsulation. The Raman spectra of the composite materials were recorded.
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Figure 1. Raman spectra of pristine SWNTs produced by laser ablation (pressure dependence).
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Synthesis and Applications of Novel Vanadium Oxide Nanotubes

Abhishek Kumar®, Nikhil Dhawan

© Materials Science and Engineering Department, Stanford University, California, 94305, USA
"Metallurgical Engineering Department, Punjab Engineering College, Chandigarh, INDIA

The main aim of this work is to produce specialized nanostructures from transition metal oxide
for potential applications in electrochemical devices and for catalytic applications. Vanadium
oxide nanotubes (VOx-NT) have been prepared by mixing hexadecylamine with V205.nH20
gels. This procedure was followed by a hydrothermal treatment (150-180°C, 27 days), which
leads to a large quantity of VOx-NT. The structure and morphology of the nanotubes is
investigated by SEM and TEM and a model describing nanotubes peculiar morphology has been
discussed. The vanadium oxide nanotubes are redox-active and can electrochemically insert
lithium reversibly. Further, applications of these transition metal nanotubes in electrical transport
and sensor materials have also been outlined.

Corresponding Author
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Time Dependence of Carbon Nanotube Growth
by Gas Source Methed using Alcohol in High Vacuum

oKenji Tanioku, Tomoyuki Shiraiwa, Takahiro Maruyama, Shigeya Naritsuka

Department of Materials Science and Engineering, Meijo University,
1-501 Shiogamaguchi, Tempaku, Nagoya 468-8502

Carbon nanotubes (CNTs) have been anticipated for use in a lot of future
nanodevices. However, the growth mechanism of CNTs has yet to be clarified. Recently, we
reported CNT growth by gas source method in an ultra-high vacuum (UHV) chamber [1].
This growth technique enables CNT growth in a high vacuum, which is useful for clarifying
the growth mechanism. In this study, we investigated the time dependence of CNT growth
using the gas source method.

Si0,(100nm)/Si substrates were introduced into a UHV chamber and Co catalysts (~
0.1 nm in thickness) were deposited on them by electron beam (EB) evaporation. Then,
ethanol gas was supplied onto the substrate surface through a stainless steel nozzle to grow
CNTs. Supply of ethanol gas was controlled by monitoring the ambient pressure of the UHV
chamber. During the growth, the chamber pressure was kept at 1x10" Pa. The growth
temperature was 700°C, and the growth time was varied from 1 to 60 min. The grown CNTs
were analyzed by Raman spectroscopy and scanning electron microscopy (SEM).

Figure 1 shows Raman spectra in the radial breathing mode (RBM) region for CNTs
grown at various growth times from 1 to 60 min. When the growth time was 10 min, only
RBM peaks from CNTs of less than 1 nm in diameter were observed. As the growth time
became longer, CNTs of more than 1 nm in diameter appeared. These results indicate that the
small-diameter CNTs are apt to grow faster than the larger-diameter CNTs. From time
dependence of the G band intensity, the incubation time was estimated to be about 30 sec. Our
results suggest that the growth rate of CNTSs is related to the diameter of grown CNTs.

A part of this work was carried out in cooperation with Dr. Uruichi and Prof. Yakushi
of the Institute for Molecular Science (IMS), Japan.
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Patterned growth of CNTs through AFM nano-lithography
Chien-Chao ChiuO, Masamichi Yoshimura, Kazuyuki Ueda

Nano High-Tech Research Center, Toyota Technological Institute, 2-12-1 Hisakata,
Tempaku, Nagoya 468-8511, Japan

Abstract:

The CNTs have been grown on a patterned Si wafer using an AFM nano-oxidation
technique that is an important method to fabricate nano devices. To remove the native
oxide layer, a Si wafer was first cleaned by hydrogen fluorides. Nano-oxide films with
height of 0.6-4.0 nm were made by changing scan speed 0.5-4.0 pm/s under applying
5-10 V on the sample with respect to a Au coated AFM cantilever using a vector scan
mode. Fe film was then coated by arc plasma deposition as a catalyst. After thermal
annealing, Fe film on the bare Si area transformed into iron silicides through interfacial
reaction, while the reaction was inhibited on the oxide patterned area. High-density
CNTs were selectively grown on the extremely thin (1.5 nm-height) nano-oxide area Si
by a home-made plasma-enhanced chemical vapor deposition. Figures 1 shows SEM
images of a SiO; patterned surface by AFM nano-oxidation(a) and CNT grown on the
patterned substrate(b).

Figure 1. SEM images of (a) SiO; pattern and (b) patterned growth CNTs.

Reference: 1. J. A. Dagata and et al., Appl. Phys. Lett. 56 (1990) 2001.
2. C.-C. Chiu and et al., Surf. Coat. Tech. 200 (2006) 3215.
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A Study on Chirality-Selectivity of Metal Catalyst Particles in CNT
Synthesis by Aleohol-CCVD

(OShogo Suzuki, Hideki Sato, Koichi Hata, and Kazuo Kajiwara

Department of Electrical and Electronic Engineering, Mie University
1577 Kurima-machiya-cho, Tsu 514-8507, Japan

In recent years, the chirality-selective synthesis of carbon nanotubes (CNTs) has been
developed for industrial applications [1]. CNTs have metallic or semiconducting properties
dependent on their diameters and chiralities. The size and morphology of catalyst nanoclusters
play an important role in determining the diameter and chirality of CNTs synthesized by
catalytic chemical vapor deposition (CCVD). At present, understanding of catalyst effects on
the chirality-selectivity is a major issue to optimize the conditions of CNT synthesis with
single chirality by the CCVD method. In this study, quasicrystalline (QC) alloys as catalysts
for CNT synthesis were investigated, which possess quasiperiodic structures with classically
forbidden symmetry axes [2]. Among QC alloys found so far, two typical QC alloys were
chosen as metal catalysts for CNT synthesis, (a) Al-Co-Ni alloy [3] in a decagonal phase with
ten-fold symmetry and (b) Al-Cu-Fe alloy in an icosahedral phase with five-fold symmetry.

Al/Co/Ni and Al/Cu/Fe three-layered films (ca. 10 nm in total thickness) were
deposited on Si/SiO- substrates by sequential electron-beam evaporation so as to become a
perfect QC composition [2]. These samples were annealed at 450°C for 1h in a CVD reactor
to form nanoclusters with a QC phase, followed by synthesizing CNTs at 700°C for 10 min
by alcohol CCVD. These samples were characterized by using SEM, TEM, and resonance
Raman spectroscopy. Fig.1 shows cross-sectional SEM images of CNTs synthesized using (a)
the Al/Co/Ni film and (b) the Al/Cu/Fe film, and (¢) an Al/Co film such as previously
described [4]. It was found that vertically aligned CNTs were reproducibly synthesized by
using these QC films as catalysts, similar to the Al/Co film. Chirality-selectivity of these
samples is to be presented in the symposium.

Fig.1 Cross-sectional SEM images of CNTs synthesized using (a) Al/Co/Ni film (with d-QC phase), (b)
Al/Cu/Fe film (with i-QC phase), and (c) a conventional Al/Co film, as catalysts for alcohol CCVD.

[1] M. Kusunoki et al., Chem. Phys. Lett. 366 (2002) 458.

[2] Z.M. Stadnik (Ed.), Physical Properties of Quasicrystals, Springer, Berlin (1999).

[3]S. Ohmori et al., Abstracts of the 24™ Fullerene-Nanotube Symposium 20(P) (Jan. 8-10, 2003) p.41.
[4] K. Hiasa et al., Abstracts of the 32™ Fullerene-Nanotube Symposium 1P-19 (Feb. 13-15, 2007) p.69.
Corresponding Author: Shogo Suzuki
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TEM observation of Carbon Nanotube Pattern
fabricated on SiC(000-1) using Ta mask
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Shigeya Naritsuka' and Michiko Kusunoki’
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Meijo University 21" CENTURY COE program “Nano Factory”
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It has been reported that zigzag-type carbon nanotubes (CNTs) grow after
annealing SiC(000-1) substrate above 1300°C in a vacuum [1]. For fabrication of CNT
devices, it is necessary to grow CNTs at selected positions on the substrate. The mask
patterning technique is a useful way of doing this. However, conventional mask
materials, such as SiO, or SiN, are unsuitable for selective CNT growth because of low
sublimation temperature. To address this, we have been attempting to apply high
melting point metal masks. In previous studies, we reported attempts for selective CNT
growth using Ti mask. However, some portions of Ti mask melted and evaporated at
around 1500°C [2], therefore, mask material of higher heat-resistance has been
desirable. In this study, Ta mask whose melting point is higher than that of Ti was
applied for selective CNT growth.

Stripe mask patterns (both width and interval were 10 pm) were fabricated on
SiC(000-1) substrates using photolithography technique. They were heated at 1700°C
in a vacuum for 30min. After heating, the samples were characterized by scanning
electron microscopy (SEM), X-ray photoelectron spectroscopy (XPS), micro Raman
spectroscopy and transmission electron microscopy (TEM).

SEM observation and XPS measurement confirmed that, even after heating, Ta
mask did not evaporate, maintaining the shape. TEM observation showed that CNTs of
more than 200 nm in length grew on the SiC surface at the open area of the mask(Fig.
1(a)). In contrast, SiC did not decompose below most of the mask area (Fig. 1(b)),
although CNTs of a few tens of nanometers in length were observed at some portions
under the mask areas. These results indicate that Ta mask is more useful to obtain
selective CNT growth on SiC substrates than SiN and Ti masks.

A part of this work was supported by “Nanotechnology Network Project” of the
Ministry of Education, Culture, Sports, Science and Technology (MEXT), Japan.
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Fig.1 TEM images of (a) CNTs formed in
the open area and (b) SiC below the mask
E-mail: takamaru@ccmfs.meijo-u.ac.jp area. Ni was deposited on the sample
Tel: +81-52-838-2386, FAX: +81-52-832-1172 surfaces as a protection layers during the
sample preparation for TEM.
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Growth mechanism of carbon nanotubes over gold-supported catalysts

ONaoki Yoshihara,! Hiroki Ago,*’l’z’3 and Masaharu Tsuji'

'Graduate School of Engineering Sciences, Kyushu University, Fukuoka 816-8580, Japan
*Institute for Materials Chemistry and Engineering, Kyushu University, Japan
SPRESTO-JST, Japan

Recently, the growth of carbon nanotubes (CNTs) over gold (Au) catalysts has attracted
interest [1,2].  Generally, Au is regarded as an inactive metal with a low catalytic activity
and low carbon solubility.  Therefore, it is interesting to study the growth mechanism and
yield of CNTs over Au catalysts. ~ We previously demonstrated that the analysis of an
effluent gas during chemical vapor deposition (CVD) is useful for the understanding of the
growth mechanism of CNTs [3]. Here, we investigated the growth of CNTs over
Au-supported catalyst by examining various combinations of porous metal oxide supports and
hydrocarbon feedstocks, with the aid of the gas analysis [4].

Figure 1 shows a SEM image of the filamentous carbon formed over the Auw/AlLO;
catalyst with acetylene (C,H,) feedstock. = The TEM measurements showed that these fibers
are multi-walled carbon nanotubes (MWNTs) with diameters of 10-50 nm.  These nanotubes
are curly and defective, and partly possess a bamboo-shaped structure. ~ The carbon yield
was much lower than that of typical Fe-Mo/MgO catalyst. ~ The Au/SiO; catalyst also gave
MWNTs, but no filamentous carbon was found on the Au/TiO, and Au/MgO catalysts.

As shown in Fig. 2a, we found that the Al,O; and TiO; supports decomposed a certain
amount of C;H, feedstock, even without Au.  The deposition of the Au onto the Al,O3 and
TiO; supports slightly increased the C;H, conversion, but the deposition onto the SiO, support
showed almost no C,H, decomposition (Fig. 2b).  These results suggest that the nanotube
growth is not directly related to the C;H, decomposition, and we think that interaction
between gold and the metal oxide supports is important for the MWNT growth.
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Fig. 1 SEM image of MWNTs Fig. 2 Time evolution of the C,H, conversion during the CVD
grown over Auw/ALO; catalyst. growth over the support materials without Au (a) and Au-supported
catalysts (b).

References:

[1]1 S. Y. Lee, M. Yamada, and M. Miyake, Carbon, 43, 2654 (2005).

[2] D. Takagi, Y. Homma, H. Hibino, S. Suzuki and Y. Kobayashi, Nano Lett. 6, 2642 (2006).

[3] N. Yoshihara, H. Ago, and M. Tsuji, J. Phys. Chem. C, 111, 11577 (2007).

[4] N. Yoshihara, H. Ago, and M. Tsuji, Jpn. J. Appl. Phys., in press (2008).

Corresponding Author: Hiroki Ago (Tel&Fax: 092-583-7817, E-mail: ago@cm kyushu-u.ac.jp)



1P-11

G' band Raman Spectrum of Single, Double, and Triple Layer Graphene
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Graphene is the two-dimensional layered hexagonal lattice of carbon atoms. Recently, our
collaborators have measured Raman spectra by controlling number of graphene layer from
single layer to three layers and with changing excitation laser energy. In the spectra, we
observed that the shape and intensity of the G’ band depend on number of graphene layer and
that the G’/G intensity ratio and G’ peak position are changed by excitation laser energy. The
G’ band peak in single layer becomes strong and sharp comparison to double and triple layers.
The integrated G’/G intensity ratio for single layer seems to follow (Eiser)”. The G” band in
graphene is due to two phonons scattering with opposite momentum in the highest optical
branch around the K point. By considering the unit cell of double and triple layer graphene,
we calculate the electronic structure for each number of layers. As the result, the electronic
two linear bands of single graphene layer around Fermi level is split to two (three) bands by
the interlayer interaction. This split electronic band plays an important role to determine the
G’ band shape and intensity in double and triple layers. We will neglect the splitting effect of
the phonon branches in two and three graphene layers because of very small splitting of the
phonon branches (1.5 cm™) [1]. In order to calculate G’ band Raman spectrum, we have
considered the electron-phonon interaction matrix and electron -photon interaction matrix as
nominator of the Raman intensity formula by using extended tight binding model [2].

Reference:
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2) Ge. G Samsonidze, Doctor thesis, MIT, (2006)
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Influence of Cathode-Anode Distance
on Field Emission Properties for Bulky CNT Emitters
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The remarkable properties of carbon nanotubes (CNT) make it possible to produce
large-area emitters. However, there is an obvious discrepancy in reported field emission (FE)
properties of these emitters and it can not be explained by only the adopted CNT geometry [1].
In this paper, the influence of cathode-anode distance (gap) is investigated, and it is shown that
the gap can greatly affect the FE properties of bulky emitters.

CNTs produced by arc-discharge technique were fixed on Ti-coated metal substrates by a
“rooting” technique [2]. FE tests were conducted at gaps from 0.1 to 0.8 mm in a UHV
chamber with a base pressure of 10” Pa after an aging test. Finally, a test at a gap of 0.8 mm
was done again to confirm the FE reproducibility.

A group of emission current density (J)-applied field (E4) curves are shown in Fig. 2(a) for
one typical emitter (~1 mm?®). E,, to obtain a given current, shifts to low field direction with the
increase of gap. Fowler-Nordheim (F-N) plots in Fig. 2(b) shows that the increase of gap can
enlarge the field enhancement factor (). The reason is ascribed to the phenomenon that
emission sites can obtain more local electric field with the gap increase.

All the J-E4 curves and F-N plots  :»

can be well normalized, as shown in i om

Fig. 3(a), due to the fact that emission | " 3

sites are reserved during the gap % t o e
change. A similar conclusion can also ‘E’ s ‘%’
be derived from the F-N theory; it | " R
reveals that all the modified F-N plots

have the same intercept, as proved by
Fig. 3(b).
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Figure 2. a) J-E4 curves and (b) F-N plots.
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Figure 3. (a) Normalized J-E, curves and F-N plots.
(b) Modified F-N plots showing the same intercept.
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Applications of vertically well-aligned CNT films to capacitors
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Abstract: Electric double-layer capacitors are applied as electric sources of electronic
devices and are important in terms of energy storage technology. High levels of power
density and energy density, and long life spans, are desirable. We achieved high levels
of performance in electric double-layer capacitors by controlling the nanostructures of
well-aligned and high-density CNT films formed by SiC surface decomposition Y The
CNT growth is accompanied by a selective desorption of silicon from the SiC surface
leaving free carbon that then forms into nanotubes without the use of catalyst metals.
The thin film electrode with vertically

aligned zigzag-type CNTs Sum in length

lectrolytic
on the graphite layers 27um in thickness e E;Ct. y
101n
has been developed. This closed-packed separator ?“
CNTs electrode has high conductive I | / t e

b

resistance. As the results by introducing an

pathways and results in low electric l I 4

clectrochemical activation pretreatment, graphite

the obtained capacitance of the CNT film | 7 27um

was 100F/g and no decrease in degree of \ l
capacitance under conditions of higher CNT -y
current density was confirmed in electrode

comparison with commercial activated

carbon electrode. Fig.1 Structure of electric double-layer capacitor developed
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In-situ observation of welding process of a muti-walled carbon
nanotube to metal surface

(OKaoji Asaka, Hitoshi Nakahara, and Yahachi Saito

Department of Quantum Engineering, Nagoya University, Furo-cho,
Nagoya 464-8603, Japan

A single multi-walled carbon nanotube, encapsulating a nanometer-sized
platinum particle, was manipulated inside a high-resolution transmission electron
microscope combined with a piezo manipulator, and was welded to a platinum surface.
The structural dynamics during the welding were in-situ observed by high-resolution
imaging operated at 120 kV with a television system.

Figures (a)-(c) show time-sequential images of a welding procedure of a single
multi-walled carbon nanotube to the platinum surface. In Fig. (a), the dark regions at the
top (A) and the bottom (B) are the platinum surface and the platinum particle
encapsulated in the nanotube, respectively. The tip of the nanotube is closed and ifs
diameter is 9.1 nm. The surface of the encapsulated particle is surrounded by defined
facets. The bright regions are vacuums. First, the tip of the nanotube was fixed tightly
with the platinum surface, and a bias voltage was applied from 0 to 2.5 V. At 2.5V, a
current of 100 pA passed abruptly through the nanotube. The facets of the particle
disappeared and at the same time, the particle started to move toward the platinum
surface as seen in Figs. (b). Finally, the particle was bonded to the platinum surface, as
shown in Fig. (¢). At the junction between the nanotube and the particle, each layer
composing the nanotube was directly connected to the particle as shown by arrows in
Fig. (c). After the bonding, we retracted the nanotube and formed a single nanotube
freestanding on the platinum surface, as shown in Fig. (d).

The single nanotube welded to the platinum surface was used as an emitter for
electron field emission and its electron field emission properties were also in-situ
measured at various gap distances with simultaneous imaging.

! e A e c

Figures (a)-(c) Time-sequential image of a welding procedure of a carbon nanotube.
(d) Low magnification image of a single nanotube emitter fabricated by welding.
The tip-diameter and the length of the nanotube are 5 nm and 176 nm, respectively.
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Formation of Honeycomb Structure on PET Using
Soluble Carbon Nanotube

oNobuo Wakamatsu, Hisayoshi Takamori, Tsuyohiko Fujigaya,
and Naotoshi Nakashima
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Fukuoka, Japan

Potential applications using carbon nanotubes (CNTs) are often limited due to their
insolubility in many solvents due to strong intertube van der Waals interactions. Therefore,
strategic approaches toward the solubilization of CNTs should be important for the
applications of CNTs. We reported the finding that a simple solution casting of carbon
nanotubes/lipid complex (complex 1) produces self-organized honeycomb structures. The
mixing of aqueous solution of single-walled carbon nanotubes (SWNTs) with aqueous
molecular-bilayers of an artificial ammonium lipid produced a precipitate, which was
collected to obtain complex 1 that is soluble in organic solvents. A simple solution casting of
the complex 1 was found to produce self-organized honeycomb structures (Figure 1-a),
whose cell sizes were controllable by changing experimental conditions. The lipid part of
complex 1 was easily removed by an “ion exchange” method with maintaining the basic
honeycomb structures (Figure 1-b). After the ion-exchange, the films with thinner skeletons
exhibited dramatic decrease of the surface resistivity.

Fig.1. Typical SEM images for the films casting from a chloroform solution of
complex 1 before (a) and after (b) the ion exchange.
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Investigation of Methane Adsorption on MWNTs
Using Field Emission Microscopy (FEM)

oT.Yamashita, K.Asaka, H. Nakahara, and Y. Saito
Dept. of Quantum Eng., Nagoya University, Furo-cho, Nagoya 464-8603

Field emission of electrons from a multiwall carbon nanotube (MWNT) with a closed end
occurs preferentially from pentagons at the cap when the nanotube surface is clean. It has
been shown that the electron emission is enhanced from the adsorbed molecules when
residual gas molecules adsorbed on the surface. In this work, effects of methane adsorption
on the surface of MWNTs were studied by field emission microscopy (FEM).

MWNTs produced by arc discharge were attached to a tungsten hairpin by graphi-bond.
The base pressure of the FEM chamber was ~1.0X 107[Pa]. Methane was adsorbed on
MWNTs with applying the electric field under the pressure of ~10%[Pa] for 10 minutes.
Adsorption process was also carried out without applying the voltage in order to investigate
the effect of an electric field.

Figs. 1(a) and (b) show FEM patterns of a
clean surface and methane-adsorbed surface of a
MWNT, respectively. A cross-like pattern as
indicated by a circle in Fig. 1(b) is observed
during the exposure to methane, and we assume
that the pattern corresponds to a molecule of
methane. Since a methane molecule has the
tetrahedral structure, it looks like a cross when
the two-fold symmetry axis is normal to the
substrate as illustrated in Fig. 2.

Current(/)-voltage(}V) curves before and after
methane adsorption are shown in Fig.3. The £
emission current was remarkably increased Fig2 Methane molecule viewed

Fig.1 FEM patterns (a)before
and (b)after methane exposure

after the methane adsorption. The dashed along the 2-fold axis

curve in Fig.3 shows an /-J curve after flashing

to desorb adsorbates. The current was 25 ‘ -

decreased after flashing, suggesting that ¥ ¢lean suriace é ‘i /
~ 2| o CHsadsorption | ® ‘&'P;

adsorbates were removed. However, FEM < — — fashing .3 J% ¥

patterns did not show the clean surface after the ¥ 1o : %ggé‘“

flashing, indicating that some molecules or § 1 fi%’ 1B

fragments still remained after the flashing.
When MWNTs were exposed to methane gas A o
under no electric field, the MWNT emitter did 400 500 600 700 800 900
not show significant change in /-V curves as Vottage(V)

well as FEM patterns after the expose to the gas,
compared with those before the exposure.

Fig.3 Current-voltage curves
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Culture of Osteoblast-like Cells on Transparent Conductive Thin Films
with Carbon Nanotubes
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Although carbon nanotubes (CNTs) have been widely studied, most of the
studies focused on the physical and electrical fields, with very few on biomedical
applications. Our previous study showed the excellent cell growth on single-walled
carbon nanotubes (SWCNTs) and multi-walled carbon nanotubes (MWCNTs) and
which implies that CNTs could be suitable scaffold for cell culture [1,2]. However, there
is scarce information about cellular response to the culture substrates with CNTs. The
aim of the present study was to investigate the cell responses on CNTs coated
polystyrene (PS) dishes with the ability of transparent conductive thin film.

On CNTs coated dishes, SaOs2 cells were seeded and cultured in DMEM with
10%FBS for several days. The number of SaOs2 on
SWCNTs was greater than that on cell culture PS. In

the low concentration of FBS, SWCNTs were more
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effective in life extension and proliferation than
7500

general culture dishes. Hence, SWCNTs thin films may
5000

Cell number / cm?

be usable to culture substrate for transfection, ELISA

analysis, electrical stimulation, and so on. On the other 2500 —- i i
) . . Normal SWCNTs Cuilt
cell adhesion, cell migration, and alkaline phosphatase Be > s

hand, MWCNTs were advantageous at the points of 0 -

activity. These results shows SWCNTs and MWCNTs  Fig.1 Number of SaOs2 cultured
are suitable and different tools for cell culture. on CNTs coated dish in low FBS.
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In Situ TEM Study on Field Emission Property of an Isolated CNT
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Carbon nanotubes (CNT) are promising candidates for cold cathode electron field emitters
because of their excellent electrical conductivity, chemical inertness, mechanical strength and
needle-like shape with high aspect ratio that brings about field enhancement on their tips [1].
For the practical use of CNT emitters, the field emission properties of CNTs must be clarified.
In this work, the field emission property of the CNT emitter which is an isolated multi-wall
nanotube (MWNT) attached to a tungsten needle was studied by in situ transmission electron
microscopy (TEM).

A small bundle of MWNTs was attached to the tip of a tungsten needle by electrophoresis.
The CNT emitter and a gold anode were mounted in a special sample holder for TEM (Fig.1).
The diameter of this MWNT is about 6 nm and the length of the bundle suspended from the
W tip is about 8 pm. The distance d between the CNT emitter and the gold anode was
varied between 0.1 um and 10 pm. The electric voltage was /’V g
applied form 0 to 100 V, and then it was decreased. The W tip
voltage at which the emission current became 10 nA was N
defined as the threshold voltage V,. The field emission
measurement was carried out before and after the exposure of
the emitter to atmosphere.

Figure 2 shows that the V, against the gap length d.
Before the exposure to air, the V; was 52V at d=10pm and
25V at d=0.1pm. After the exposure, however, the V,
increased to 57V at d=10um and 30V at d=0.1pm. This
increase in ¥; may result from the degradation of CNT caused Fig.1. TEM image of the
by the field emission or the exposure to air (Fig.3). experimental arrangement.
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Fig.2. Threshold voltage against the gap  Fig.3. TEM images of the tip of a MWNT
length before and after the exposure to air. (a) before the field emission (FE) and (b)
after the FE and exposure to air.
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Fabrication Process of Carbon Nanotube FETs
Using ALD Passivation for Biosensors
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Carbon nanotube (CNT) FETs have received much attention for a variety of applications.
Among them, CNT-FET sensors are attractive because of their potential for high-sensitive and
label-free operations [1, 2]. In order to implement the CNT-FET biosensors, deposition of the
passivation film on the device surface is important to suppress the leakage current between
electrodes through the electrolyte and to avoid the influence of an environmental charge.
However, there is a technical issue that the deposition of the insulator film sometimes causes a
decrease of a drain current [3]. In this study, we have applied atomic layer deposition (ALD).
It has been confirmed that the ALD is useful for the passivation of the device surface.
Biosensor operation was confirmed by CNT-FETs fabricated using the ALD passivation film.

Figure 1 shows a schematic cross section of the fabricated CNT-FETs. Following the
fabrication of the back-gate CNT-FETs, HfO, film (50 nm) with a large dielectric constant
was deposited on the device surface by ALD at 250°C. HfO, was chosen as a
passivation/top-gate insulator to realize a large transconductance of the device. The step
coverage was very good and no leakage current was observed in the HfO,-passivated device
being immersed in the electrolyte. Finally, a top-gate electrode was formed.

Figure 2 shows the typical Ip-Vpg characteristics of the device before HfO, deposition
and after top-gate electrode formation. Even though the hysteresis did not decrease by the
ALD passivation (not shown), it drastically decreased by the top-gate electrode formation as
shown in the figure. This is probably due to that the effect of environmental charge which
caused hysteresis was shielded by covering the device surface by the top-gate electrode.

Biosensor measurement was performed by measuring the /p when the enzyme
Cytochrome ¢ (pI=10.25, 30umol/ml) containing solution was dropped into the
phosphate-buffer (PB) solution (pH=7.0). Figure 3 shows the Ip-Virer (reference electrode
voltage) characteristics before and after dropping Cytochrome ¢ containing solution. The Ip
increase and the threshold voltage shift of 0.12V were observed, which confirms the detection

of the enzyme. 0G| before deposition 1.4 T~
N | . after deposition and 1.2 T i Ca z;
0.6 :"-. formation of top gate 1 ;;'M
SR —_ < i
Zoafh MR A < 0.8 AV=0.12V  ——
= A 3 7 06
o2l LN -
’ \\\ '\\ 0.4
0 BN 0.2 [—before d Mo
.2 jj—before drop 4 E—
Vi1V ~—after drop VoG e
0.2 f—rod 3 1 0.7 02 03 04 05
VBGS(V) VGTef(V)
Fig. 1 CNT-FET sensor Fig. 2 Ip-Vgg characteristics Fig. 3 Ssensing experiment
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Electron Optical Evaluation of Carbon Nanotube Field-Emitter
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Carbon nanotubes (CNTs) have high potential for application to electron
sources of high resolution electron microscopes. In this work, we investigated
current-voltage characteristic and brightness of CNT field-emitters.

Multi-wall carbon nanotubes produced by arc discharge are glued on top
of a tungsten hairpin filament. An electron optical system used in the
present experiment is shown in Fig. 1. The position of the CNT emitter
relative to the extraction electrode is adjusted by a x-y-z goniometer. An
electron beam emitted from CNTs is accelerated by an anode, and focused by
an einzel lens to a screen. A knife edge is positioned between the lens and
the screen to measure the beam size.

Fig. 2 shows an example of a beam profile. A dashed line 1s Gaussian
fitting for differential current. From FWHM of the Gaussian fitting, a beam
size 1s estimated approximately 0.14 mm. The brightness is calculated as
0.241 A/em?- sr, being much smaller by several orders of magnitude than that

\ expected from field emission microscopy,

presumably due to large aberrations of the
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Fig. 1 Schematic of the experiment
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Studying the Same-Handedness in Double-Walled Carbon Nanotubes Using the
Dispersion-Augmented Density Functional Tight Binding Method

OStephan Irle, Raviprasad Krishnamurthy, Keiji Morokuma

'Institute for Advanced Research and Department of Chemistry, Nagoya University, Nagoya
464-8602, Japan; *Fukui Institute for Fundamental Chemistry, Kyoto University, Kyoto 606-8106;

*Nanotechnology Victoria, Monash University, Clayton 3800, Victoria, Australia

Prompted by the experimental finding that

same-handedness is preferred in double-walled carbon
nanotubes (DWNTs) with chiral tube components [1],
we have investigated the thermodynamic stabilities of

finite-size, hydrogen-terminated 15 A and 30 A long as

well as infinite-length DWNT model systems. Tested
systems were a) right-right (RR) (14,3)@(17,10), b)
left-right (LR) (3,14)@(17,10), c) right-left (RL)
(14,3)@(10,17), and d) left-left (LL) (3,14)@(10,17), as well as RL- and RR-combinations of other
DWNT systems. As quantum chemical potential we have used the dispersion-augmented density

functional tight-binding (DFTB-D) method by Elstner er al. [2] We have verified this simple

Figure 1. (143)@(17,10)  (left) and
(3,14)@(17,10) right, 30A models

approach which combines quantum chemical potential with a London 1/R® dispersion term, using
MP2/SVP geometry optimized 1-ring model components including computation of larger basis set
single-point energies and basis set superposition effects, but did not find any thermodynamic
preference for systems either of the DWNT combinations.

As long as the tube diameters are identical, attractive dispersion forces are also identical
between the sidewalls so that a continuum model serves in fact as a good description. The origin
for same-handedness, if it exists, must stem from the formation process and could be kinetically
controlled, rather than originating in a thermodynamic stability preference.

References:
[1] Liu, Z.; Suenaga, K.; Yoshida, H.; Sugai, T.; Shinohara, H.; Iijima, S. Phys. Rev. Lett. 2005, 95, 187406.
[2] Elstner, M.; Hobza, P.; Frauenheim, Th.; Suhai, S.; Kaxiras, E. J. Chem. Phys. 2001, 114,5149.
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Electronic properties of hybrid (DNA/SWCNT) thin film

OYusei Maruyama', Satoru Motohashi', Masayuki Tanaka', Biao Zhou?, Akiko Kobayashiz,
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184-0003, Japan
ZDepartment of Chemistry, College of Humanities and Sciences, Nihon University,
Sakurajousui, Setagaya, Tokyo 156-8550, Japan

It is known that there are some significant interactions between DNA molecules and carbon
nanotubes [1,2,3]. In this report, some electronic properties, such as electrical, magnetic and
optical, of “hybrid” material (DNA/SWCNT) thin films were measured to identify the
electronic interactions between them.

The film was prepared by super-sonication of ss-DNA (calf-thymus) and SWCNT
(NANCOS INC.) in ultrapure water for 2 hrs, followed by the evacuation of water. The typical
thickness of the film was several tens microns and the appearance was black-metallic- shiny.
The morphological study for this material was very preliminary and the SEM image showed
just flat view. TEM and STM studies are on the way.

The temperature dependence of magnetism of the film observed by SQUID showed no
significant difference from the signal of SWCNT itself. This means that there is no significant
magnetic interaction between them or the magnetic impurity in SWCNT sample may mask the
effective modulation.

The typical electrical conductivity was 2.5 S/cm at room-temp. and the temperature
dependence of the resistivity was best-fitted to the plots of 2-dimensional variable-range
hopping regime. This means that the film is essentially metallic 2-dimensional material.

The remarkable modulation due to hybridization in the Raman-scattering spectra of the
radial-breathing mode was the reverse in the relative intensity in the lowest wave number
region. This result means that the number of thickest “free” tubes was reduced due to

hybridization.

[1]1 M. Zheng et al. Nature Mater. 2 (203) 338.

[2] N. Nakashima et al. Chem Lett. 32 (2003) 456.
[3]1 M. lijima et al. Chem. Phys. Lett. 414 (2005) 520.
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Theory of superconductivity by the edge states in graphene
K. Sasaki' O, M. Suzuki', R. Saito', S. Onari’, Y. Tanaka’

'Department of Physics, Tohoku University and CREST, JST, Sendai 980-8576, Japan
’Department of Applied Physics, Nagoya University, Nagova 464-8603, Japan

Superconductivity in graphite intercalation compound (C¢Ca) and single-wall and
multi-wall carbon nanotubes has been attracting much attention due to its high
superconducting transition temperature above 10 K [1]. However, the density of states
(DOS) near the Fermi energy of graphene is not sufficient to explain the observed high
transition temperature. Thus, the mechanism of the superconductivity is an important
issue.

The STS measurements [2] show an anomalous DOS near the Fermi level of graphene
which is relevant to localized edge states [3]. The edge states significantly enhance the
local DOS near the zigzag edge. Thus, it is valuable to examine the effect of the edge
states on the superconductivity.

Using the Eliashberg equation, we obtain an appreciable transition temperature for the
edge states [4]. We found that the effects of the Coulomb interaction and Fermi energy
position are sensitive to the formation of superconducting gap. We report on the
calculated STS spectrum near the zigzag edge and discuss the condition for observing
the edge state superconductivity.

When the edge states become a superconducting state, a metallic zigzag nanotube
having open boundaries can be regarded as a natural Superconductor/Normal
metal/Superconductor junction system, in which superconducting states are developed
locally at both ends of the nanotube and a normal metal exists in the middle. In this case,
a signal of the edge state superconductivity appears as the Josephson current which is
sensitive to the bandwidth, the position of the Fermi energy and the length of a
nanotube.

[1] Weller et al., Nature Physics 1, 39 (2005); Tang et al., Science 292, 2462 (2001); Takesue ef al., Phys.
Rev. Lett. 96, 057001 (2006).

[2] Y. Niimi et al., Appl. Surf. Sci. 241, 43 (2005); Y. Kobayashi ef al., Phys. Rev. B71, 193406 (2005).
[3]1 M. Fujita ef a/., J. Phys. Soc. Jpn. 65, 1920 (1996).

[4] K. Sasaki et al., J. Phys. Soc. Jpn. 76, 033702 (2007).
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Electrical transport properties of azafullerene CsoN encapsulated single- and
double-walled carbon nanotubes

oY. F. Li, T. Kaneko, S. Nishigaki and R. Hatakeyama

Department of Electronic Engineering, Tohoku University, Sendai 980-8579, Japan

In this work, the electrical transport properties of azafullerene CsoN encapsulated single-
and double-walled carbon nanotubes (SWNTs and DWNTSs) are investigated by fabricating
them as the channels of field effect transistors (FETs). The synthesis of CsoN fullerenes is
realized by a nitrogen-plasma irradiation method, and they are confirmed by a
laser-deposition time-of-flight mass spectrometer. The encapsulation of CsoN azafullerenes
into SWNTs or DWNTs has been prepared by either a vapor reaction method or a plasma
irradiation method, which is confirmed in detail by a transmission electron microscope (TEM,
Hitachi HF-2000) operated at 200 kV and Raman spectroscopy (Jovin Yvon T-64000) with an
Ar laser at 488 nm. The transport properties of azafullerene peapods are studied in both dark
and upon light illumination. Compared with p-type characteristics of Cgo fullerene
encapsulated SWNTs (Fig.1) or DWNTSs, our results indicate that n-type semiconducting
SWNTs (Fig.2) or DWNTSs can be formed by the CsoN fullerene encapsulation, demonstrating
electron donor behavior of CsoN, which is in excellent agreement with a related theoretical
predication [1]. The photoinduced transport characteristics of peapods are also investigated,
and the distinct response of FET devices to light is reflected in a shift of threshold voltage
toward negative voltages. More interestingly, after removing of the light the photoresponse is
fully recoverable.
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Embedding of Carbon Nanotubes on Silicon substrates for use in Solar Cells

Abhishek Kumar®, Nikhil Dhawan

“ Materials Science and Engineering Department, Stanford University, California, 94303, USA
Metallurgical Engineering Department, Punjab Engineering College, Chandigarh, INDIA

Abstract

Carbon nanotubes bundles were precisely grown atop a p-type silicon wafer that had been treated
with catalysts to produce geometries that resemble three-dimensional nano-models to extract
more power from the sun. The embedded carbon nanotubes bundles on silicon wafer promise
more opportunity for each photon of sunlight to interact with resulting solar cell, as a result of
increase of surface area available to produce electricity. The paper discusses morphology and
properties of grown nanotubes on silicon wafer along with future prospects of Si-CNTs
fabricated solar cells.
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Synthesis of single-walled carbon nanotubes by arc plasma reactor
with twelve-phase alternating current discharge
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ZDepartment of electronics and informatics, Toyama prefecture university, Toyama, Japan

Abstract

Several methods for synthesis of CNTs such as DC arc-discharge [1, 2], laser ablation and
thermal chemical vapor deposition (CVD) have been presented. The DC arc-discharge
method can synthesize CNTs in highest quality than the other methods mentioned above.
However, its yields are much lower. Up to date, CVD method is the mainstream of mass
fabrication of CNTs [3]. In order to avoid the disadvantage of the DC arc-discharge method,
the twelve-phase AC arc-discharge method has been developed [4]. In general, multi-
ple-phase AC discharge plasma has unique features as follow [5, 6]; (a) no discharge break
in spite of using very low frequency (in this case 60Hz) discharge, (b) rotation of discharge
area depend on the frequency of the power source, (c) very low velocity and enriched uni-
form plasma production in wide space, almost 180mm in diameter, surrounded by multiple
electrodes. Single-walled carbon nanotubes (SWCNT) are synthesized in methane gases by
using this new type of arc plasma reactor. The felt like SWCNTs shown in Fig.1 are observed
in high yield. The structure shown in Fig.2 of the inner diameter and the outer diameter is es-
timated 3nm and 4nm, respectively. The highest ratio of G-band (1580cm-1) and D-band
(1360cm-1) measured by Raman spectrum shown in Fig. 3 is approximately 14. The catalyst
was fed from the carbon electrodes containing 4.2%Atom-Ni and 1%Atom-Y. The effects of
substrate temperature, gas pressure, kind of gas were investigated.
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Fig.1 SEM image Fig.2TEM image Fig.3 Raman spectrum
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Electronic structures at edges of carbon nanotube and
molecular dynamics simulations
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Cutting surface and edge of carbon materials are important in electronic conductivity and
growth of materials, etc. When a catalyst is adsorbed at an edge in a growing carbon nanotube
(CNT), we are interested in the change of electronic structure. The catalyst such as iron, nickel
and cobalt, usually has a magnetic moment and the magnetism should be taken into account
in study of the electronic structure. In investigations of edges for carbon materials, Fujita and
his co-workers found that there are localized electronic states which are called ’edge-state’[1]
at zigzag edges terminated by signle hydrogen atoms. Since this discovery, many theoretical
studies have been performed for zigzag edges. Supposing the 'root-growth’[2] model in which
the CNT grows up with the catalyst kept on the substrate, we would like to clarify electronic
structures at CNT edges.

We have investigated electronic structures at armhair- and zigzag-edges without hydrogen
termination and when the iron atom is adsorbed to each edge by using first-principles calcu-
lation based on the Kohn-Sham theory. We used a pseudopotential plane wave method and
a generalzied gradient approximation. We have calculated the armchair- and zigzag-ribbon,
CNT(5,5) and (9,0) which have armchair- and zigzag edges at both side, respectively. Further-
more, we have calculated these CNTs which are closed by a half of fulleren Cg at one side,
and adsorbed by an iron atom at the other side.

In armchair edges, the HOMO and LUMO which form 7-bondings have weights at the
nearest neighbor atom of the edge rather than the edge atom itself. In zigzag edges, both the
dangling bond state and p, component are clearly spin-polarized around the Fermi level and
thus, the edge atoms have a magnetic moment. The spin-polarization of the p, component is
slightly weakened by the curvature of CNT, compared with results in the zigzag-ribbon.

We will present the atomic and electronic structures in the CNTs which adsorb an iron atom
and some of molecular dynamics simulations in growing CNT.
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Phase transition from Tomonaga-Luttinger liquid states to
superconductive phase in carbon nanotubes
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Abstract: We have reported superconductivity (SC) in arrays of multi-walled carbon
nanotubes (MWNTs) from viewpoints of both abrupt resistance drop with Tc= 12K [1]
and Meissner effect with T,= ~20K [2]. Based on these reports, some theories for the
SC have been proposed and are attracting considerable attention [3-5]. One of the very
interesting points of the SC is electron correlation in one-dimensional space; i.c.,
interplay between SC phase (phonon-mediated attractive Coulomb interaction) and
Tominaga-Luttinger liquids (TLL; repulsive Coulomb interaction).

Here, we report the detailed observation of this interplay in relationships of
normalized conductance vs. ev/kT of partially end-bonded MWNTs [6]. We find that the
observed results are qualitatively consistent with previous reports of TLL states in CNTs,
while a deviation due to emergence of the SC appears at temperatures < T, and small
eV/kT values. We interpret this based on carrier-doping and low-energy theory [7]. Half
carrier filling and a large electron-phonon coupling parameter may lead to electron
coupling with low-energy acoustic phonons and, then, cause transitions from
spin-density wave regime to SC phase via TLL states.
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Cooperative Behaviors in Carbene Additions
through Local Modifications of Nanotube Surface
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Chemical functionalization in which covalent bonds are formed between adsorbents
and a single walled carbon nanotube (SWNT) can modify interesting properties of a SWNT.
Up to now, only highly reactive reagents are available to attach covalently into a SWNT
surface. For example, Haddon et al. reported that SWNTs treated by nitric-acid were
successfully functionalized by divalent carbene-derivatives [1]. Due to their highly chemical
reactivities, it is quite difficult to control their adsorptions sites.

In order to develop a strategy for site-specific functionalization of a nanotube by
carbene (CH,), we investigated two carbene additions to a (5,5) SWNT by means of density
functional theory (DFT) PWO91 calculations using periodic boundary conditions [2]. As a
result, we found cooperative behaviors in binding sites between the first and second CH,
absorbents through “local” modifications of the SWNT surface induced by covalent bond
formation with an inner CH,
molecule. In contrast, such local
modifications cannot be observed in
the case of bond formation between
the SWNT and an outer CH;
molecule. Thus, the PW91 DFT
calculations show that the local
modifications, created by the
endohedral addition, influence site
preferences for second CH;
additions, and the effects are
limited to the vicinity of the binding
site. Figure 1 Double CH, addition into a (5,5) nanotube

Double CH; addition
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Location of the Metal Atoms in Ce,@C,, and Its Bis-silylated Derivative
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Theoretical and Computational Molecular Science, Institute for Molecular Science, Okazaki,
Aichi 444-8585, Japan

Abstract: Endohedral metallofullerenes have received extensive attention owing to their
fascinating structures, properties and chemical reactivities.' Especially, considerable interest is
now directed toward the dimetallofullerenes such as La,@Cy,* and Ce,@C,,’ because of the
three-dimensional random motion of the two metal atoms inside the fullerene cage. However,
the dynamic behavior of the metal atoms in other dimetallofullerenes has not been
investigated yet. Herein we report the synthesis and characterization of Ce,@C, and its bis-
silylated derivative. The location of the metal atoms in Ce,@C,; and the bis-silylated

derivative has been investigated by means of spectroscopic and single-crystal X-ray structural

analyses.*
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BC NMR Spectroscopic Study of
C-enriched Carbide-encapsulated Scandium Metallofullerenes
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Tokyo Gakugei University, *Bruker BioSpin K. K., *Department of Theoretical and Computational

Molecular Science, Institute for Molecular Science

Much attention has been paid to encapsulation of a metal carbide, since the first isolation and
characterization of a metal carbide-encapsulated metallofullerene, Sc,Co@Css, by MEM/Rietveld
analysis of synchrotron powder diffraction data.' Recently, we have succeeded in determining the
structures  of Sc;C,@Cso(l,)* and Sc,C,@Csx(Csy)™ by C NMR  spectroscopy and X-ray
single-crystal structure analyses, although previously it had been believed that they have the Sc;@Cs,
and Sc,@Csg4 structures, respectively. Nishibori and co-workers have applied the MEM/Rietveld
method to Y,Co@Csx(Csy),” ScoCo@Csa(Cs,)° and ScsCo@Cso(l).” However, it remains an important
goal to disclose the electronic properties of their encapsulated C, units. Attempts to detect the °C
NMR signals of the encapsulated C, units of metal carbide-metallofullerenes have not been successful
so far. The inability to observe the C NMR signals of the C, unit has been explained by means of the
spin-rotation interaction, because the C, unit may rotate inside the carbon cages. It is challenge to
observe the ?C NMR signal of the C, unit to disclose its electronic and magnetic property.

We herein report >C NMR spectra of S¢,C,@Csa(Csy) and [Se;C2@Cso()] highly enriched in °C
isotope. °C NMR signals of the carbon cages for Sc,Co@Csx(Cs) and [ScCo@Cyo(ly)] were
completely assigned by 2D INADEQUATE experiments.
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Angew. Chem. Int. Ed. 2007, 46, 5562. (5) Nichibori, E. et al., ChemPhysChem 2006, 7, 345. (6)
Nishibori, E. et al., Chem. Phys. Lett. 2006, 433, 120. (7) Nishibori, E. J. Phys. Chem. B. 2006, 110,
19215.
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Saitama 350-0295, Japan, *Department of Theoretical and Computational Molecular
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It is extremely important to develop a reversible addition reaction of endohedral
metallofullerenes, since reversible addition reaction is one of the useful methods for
separation and regioselective functionalization of fullerenes by protection of their
reactive site. In this context, we reported the reversible and regioselective addition
reaction of La@C,, with cyclopentadiene (CP), in which the kinetic parameters for the
retro-reaction of La@C,,(CP) were determined.' In the reversible reaction, substituent
effect is one of the important factor of controlling reactivity and stability of the adducts.
It has been reported that an adduct of Cg, with 1,2,3,4,5-pentamethylcyclopentadiene
(CP™) is more stable than C,,(CP).> Herein, we report the reversible addition reaction of
La@C;, with CP* and the stability of its adduct. We will also discuss the kinetical

parameter of this addition reaction in detail.

La@ 082 +

CP*
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Polymerization of C¢y molecules induced by electron/hole injection from an STM tip has
been studied previously [1,2]. In these studies, a polymerization mechanism was proposed
due to [2+2] cycloaddition with the formation of four-membered ring between adjacent Cqy
molecules. However, the detail of the polymerization mechanism has not been clear.

Here, we have studied the polymerization of metallofullerenes such as Ce,@Cso, and
Lu,@Crs in reference to that of Cgoinduced by electron injection from an STM tip. We also
investigated the effect of the reaction temperature. The results indicate that the
metallofullerenes are much less easier to polymerize compared to Cgo by the STM-tip current.

The samples were prepared by vacuum sublimation of the metallofullerenes onto Si(111)
and Au(111). All the sample preparation and STM measurements were performed under UHV
conditions. Figure 1 shows an STM image of a Cex@Cso thin layer on a Si(111) surface after
electron injection at a sample bias voltage of V; = +3.5 .
V and a tunneling current of /; = 0.2 nA for 30 seconds
at room temperature. The molecules in dark contrasts
represent polymerized Ce,@Cso molecules. The internal
images observed in the dark contrasts indicate no free
rotation of the molecules is occurring, which is similar
to the Cgg case.

We found that the polymerization efficiency of
Cer@Cgp is less than that of Cg and that at a low
temperature of 115 K Ce,@Cgp are not polymerized. In
particular, Lu,@Cs; has not shown any STM-tip
induced polymerization even at room temperature. The
STM-tip current induced polymerization is, therefore, Figure 1: STM image of a Ce;@Cso
strongly dependent on the type of fullerenes as well as ;) layer on a Si(111) surface after
the reaction temperature, suggesting that the clectron injection at Vs =+3.5V, I, =
configuration of each adjacent fullerene’s reactive site 0.2 pnA for 30 seconds at room
and propagation of electrons are crucial for the temperature.
polymerization reaction.

[1] R. Nouchi et al., Phys. Rev. Lett., 97, 196101 (2006).

{21 Y. Nakamwra et al., Surf. Sci., 528, 151 (2003).
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To evaluate relative stability of endohedral metallofullerenes Sc;N@Co, all 8149
1somers of Cyq classical fullerenes [ have been calculated at hexa-anion state by AM1
quantum chemical method. Five isomers with lower energies of C70'6, including the
only IPR structure and four non-IPR ones, were re-optimized at B3LYP/6-31G* and
HF/6-31G* levels of theory, their results reveal good accordance to AMI method.
Then the five lower energy cages were encapsulated with ScsN cluster and evaluated
at B3LYP/3-21G* and B3LYP/6-31G* levels of theory for Carbon atoms, with the
effective core potentials for Scandium atoms. All results :
show that isomer ScsN@Cr(-id133462 (Spiral No. 7854)
of C,, symmetry with 3 adjacent pentagons has the lowest
energy and the highest HOMO-LUMO gap of 2.12 eV
(6-31G*). It seems that the encapsulation of ScsN cluster
can remarkably improve relative stability of Sc;N@Cro-
1d133462 through localizing three scandium atoms by
three pentagon pairs. Fig. 1: Sc;N@Cro: 1d133462

According to B3LYP/6-31G* results, the optimizations
of Cyo hexa-anions revealed that C70'6: 1d1003 (Spiral No.

7957), a structure with two pentagon pairs, played as the second most stable isomer
with small relative energy. However, encapsulation of Sc;N cluster results in a large
relative energy of 30.8 kcal/mol. Similarly, ScsN encapsulation into the only IPR cage
of C7p produces a separation energy of 46.4 kcal/mol to ScsN@ id133462, while its
B3LYP energy of hexa-anion locates only 13.6 kcal/mol higher than that of 1d133462.

The lowest energy and largest HOMO-LUMO gap indicate the domination state of
ScsN@Cr0-id133462 among ScsN@Cry yields, which is consistent with experiment [2],
The Sc,@Cro isomers evaluated with entropy analyses have also shown the lower
energies and more complex stability property compared with ScsN@Cso ones. The
thermodynamic stabilities of ScsN@C7o and Sc,@Cro B1 are discussed as well.
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We have recently found that an erbium-carbide metallofullerene (ErC,)@Cg(Csv(8))
exhibits enhanced photoluminescence (PL) among the several isomers of Ern@Cs: and
(Er,Co)@Cso[1]. The presence of encapsulated C, molecule enhances the PL intensity in
(ErnCr)@Cs(Cs(8)). In a previous study, we reported the cage size dependence on PL
intensities of Er-carbide metallofullerenes with various carbon cages: (EnC)@Cy, (2n=74,
80, 82 and 84) together with the relationship between the PL intensities and the
HOMO-LUMO gaps[2]. Here, we report PL properties with other erbium-carbide
metallofullerenes having higher fullerene cages, i.e., (Er,C2)@Can (20=86 and 88).

Figure 1 shows emission spectra of (Er,Cy)@Can (20=80,86 and 88) in CS; solution at
room temperature, which stem from f-f transitions of Er’* (4113/2—->4115/2) in the carbon cage.
The spectral features of these spectra are almost similar to each other, whereas the PL
intensities differ from each other. For example, the PL intensity of (Er;C,)@Css is three times
stronger than those of (ErnC)@Cso and (Er,C;)@Css. The HOMO-LUMO gap of
(Er,Co)@Cse, estimated from the absorption onset, is larger than those of other
(Er,C)@Can. The PL intensities of these higher Er-metallofullerenes also depend on the
HOMO-LUMO gap as observed in the Er,@Cs;: and (Er,C,r)@Cs: case.

(Er,C)@Cso ErC)@Css (Er,C)@Cys Fig1

g

;-i Emission spectra of (ErC2)@Caa
%‘ (2n=80,86 and 88).

§ The excitation wavelength

e ’//\W is 400 nm.
-9 w//\‘

1450 1500 1550 1450 1500 1550 1430 1500 1550

PL Wavelength / nm PL Wavelength/ nm PL Wavelength / nm
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Orientation of individual fullerenes inside carbon nanotubes
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Single-walled carbon nanotubes (SWNTs) have generally been regarded as
almost contrast-less container materials in previous studies on their incorporation of
various molecules using transmission electron microscopy (TEM). Recently, however,
hexagonal networks of carbon atoms in SWNTs have been directly detected by

2] in which spherical aberration coefficient of the electron

aberration-corrected TEM,[
lens is reduced to nearly zero in order to improve the spatial resolution. This
observation technique should also be able to visualize more detailed structures of
encapsulated species inside SWNTS, such as individual fullerene molecules.

Here, time-dependent orientational changes of Cso(Dsq) and EisN@Cso({r)
fullerenes inside SWNTs were directly observed by aberration-corrected TEM at
atomic-level resolution.”’! Detailed structure of the ellipsoidal Cgg(Dsg) fullerene (Fig. 1)

s

as well as the endohedral structure of {g

ErsN@Cso(Z,) was unambiguously identified by
TEM images. Even a slight orientational change
and/or a slight translational motion of each
encapsulated fullerene molecule could be detected
with respect to the graphene structure of the outer
SWNT by aberration-corrected TEM.

A part of this work was financially
supported by the JST-CREST project.
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Fig. 1. Sequential TEM images of Cgy(Dsy)
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Coating of BN nanotubes with metal
oxides using novel ethanol-thermal method
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A novel ethanol-thermal method was developed to coat BN nanotubes (BNNTs) with
metal oxides. It was confirmed that various oxides, e.g. iron and terbium oxides, could be
coated on BNNT surfaces using this method. The coating structures and compositions were
investigated by high-resolution transmission electron microscopy (HRTEM), Electron energy
loss spectroscopy (EELS) and X-ray diffraction (XRD). It was observed that the coating
layers had usually exhibited amorphous or polycrystalline nature, which was found to be
advantageous for getting uniform coatings. The influence of experimental conditions on the
coating morphology/structure and its mechanism were also discussed. Cathodoluminescence
studies show that BNNTs coated with terbium oxide possess the emissions which can be
expressed as a superposition of those coming from BNNTs and trivalent Tb. It is envisaged
that the present composite nanomaterials may find potential applications in high active

catalysts and photoelectrical devices.
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Adsorption Efficiency of Polyynes into Single-Wall Carbon Nanotubes
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Polyynes, H(C=C),H, can be accommodated into single-wall carbon nanotubes (SWNTs)
and detected by Raman signals for the stretching vibrational modes around ~2050 cm’! [1,2].
The Raman intensity for C,,H,@SWNT is explainable by the resonance effects [3]. However,
from the Raman intensity itself, it is difficult to estimate the number of molecules entrapped
in the SWNTs.

In order to estimate the number of trapping sites for polyynes in SWNTs, we measured
Raman intensity for several samples of C;oH,@SWNT. A piece of about 1 mg of SWNTs
(laser ablation at 1150 °C, 500 Torr Ar, Ni/Co 0.6/0.6 wt %) was sintered in solutions of CioH,
in hexane (0.03 — 0.26 mmol//, 5.0 m/) and kept at 80 °C for 48 hours. After being dried, the
Raman spectra of the polyyne-containing SWNTs were measured. The intensity of the
polyyne-stretching Raman band at 2066 cm™' relative to that of a band of SWNTs was plotted
as a function of initial concentrations and analyzed as shown in Fig. 1.

At low concentration, most of the polyyne

molecules prepared in the solution are adsorbed = 0287 ; 0 °
after a sufficiently long time. Thus, the Raman § 0'244_"""",:" """"" PP
intensity will increase proportionally to the £ 027 / e g

concentration. At high concentration, most of the % oy /,” ®

trapping sites available in the SWNTs are filled % 0121 :’

with the molecules. Then, the Raman intensity will 5 4] /7 e T, ool
saturate. By finding a critical condition where the ‘q'é 0.04. i votume of solution igﬂolh
number of the trapping sites is balanced with the ~ O.OO“"l e T e
number of the prepared molecules, we made a 0 50 100 150 200 250
rough estimation for the upper limit of the Initial Conentration (umol/}
adsorption efficiency to be 1 polyyne molecule per Figure 1. Adsorption efficiency analysis for
3. 5><102 carbon atoms in the SWNTs. the concentration dependence of the

Raman intensity of v; for C;oH,@SWNT.

References:

1) D. Nishide, H. Dohi, T. Wakabayashi, E. Nishibori, S. Aoyagi, M. Ishida, S. Kikuchi, R. Kitaura, T. Sugai,
M. Sakata, H. Shinohara, “Single-Wall Carbon Nanotubes Encaging Linear Chain C;oH, Polyyne Molecules
Inside”, Chem. Phys. Lett. 428, 356 (2006).

2) D. Nishide, T. Wakabayashi, T. Sugai, R. Kitaura, H. Kataura, Y. Achiba, H. Shinohara, “Raman
Spectroscopy of Size-Separated Linear Polyyne Molecules C,H, (n=4-6) Encapsulated in Single-Wall
Carbon Nanotubes”, J. Phys. Chem. C 111, 5178 (2007).

3) L.M.Malard, D. Nishide, L. G. Dias, R. B. Capaz, A. P. Gomes, A. Jorio, C. A. Achete, R. Saito, Y. Achiba,
H. Shinohara, M. A. Pimenta, “Resonance Raman Study of Polyynes Encapsulated in Single-Wall Carbon
Nanotubes”, Phys. Rev. B 76, 233412 (2007).

Corresponding Author: Tomonari Wakabayashi
E-mail: wakaba@chem.kindai.ac.jp
Tel. 06-6730-5880 (ex. 4101) / FAX 06-6723-2721



1P-39

Direct Observation on Formation Process of Nanopeapods
by in-situ X-ray Diffraction Measurements

OYuko Katol, Ryo Kitaural, Shinobu Aoyagiz, Eiji Nishiboriz, Yasuhiro Itol,
Makoto Sakata®, Hisanori Shinohara*

'Department of Chemistry, Nagoya University, Nagoya 444-8602, Japan
Department of Applied physics, Nagoya University, Nagoya 444-8602, Japan
*Institute for Advanced Research, Nagoya University, and CREST/JST

The so-called nanopeapods have attracted wide range of researchers owing not only to
their interesting low-dimensional structure but also to possible applications such as field effect
fransistors and molecular devices [1]. Observation of formation process and clarifying the
formation mechanism of nanopeapods are essential to development of the efficient synthesis
method. Transmission electron microscopy (TEM) has generally been used to characterize
structures of nanopeapods. However, it is difficult to perform in-situ observation of the formation
process of nanopeapods by TEM. In addition, TEM provides only local structural information.
X-ray diffraction (XRD) is a complementary method, which realizes not only in-situ observation
but also obtaining bulk structure information. Here, we report direct observation of the fullerene
encapsulation process by in-situ X-ray diffraction.

SWNTs were prepared by the laser ablation method. Cg and Ce@Cs; fullerenes were used
for encapsulates. Empty SWNTs and fullerenes were mixed in a quartz capillary, which was
vacuum-sealed at 400 K to remove adsorbed gases and residual water molecules. In-situ X-ray
diffraction measurements at high temperatures have been performed every 5 minutes at 723, 773,
823, and 923 K. The x-ray wavelength used in this diffraction studies was 0.8 A. All the
measurements have been done at SPring8, BL02B2.

Figurel shows XRD patterns of a mixture of SWNTs and Cgo. Left and right figures  show the

diffraction patterns obtained at 723 K and 823 K, respectively. Due to the encapsulation of Cg
molecules the intensity of (10) peaks, which are seen around 26 = 3.2 degree, have significantly
decreased. At the same time, a new peak arising from 1-dimentional regulated array of Csy appears
at around 26 = 4.7 degree.

We will discuss details of the temperature dependence on a fullerene encapsulation rate
and a saturated filling ratio.

Intensity/a.u.
Intensity/a.u.

2 6 /degree 20 /degree
Fig.1. In-situ XRD pattern of peapod formation process (Left: 723 K, Right: 823 K)
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Single-wall carbon nanotubes (SWNTSs) have an ideal nanometer-scale and one-dimensional
internal space where unique low-dimensional nanomaterials can be encapsulated and
synthesized. For example, low-dimensional metal halides and metal alloy crystals have been
synthesized in SWNTs by the liquid phase encapsulation method!"?.

For further exploring novel low-dimensional nanomaterials in carbon nanotubes, we have
developed a Nano-Template Reaction technique to fabricate metal nanowires by using
SWNTs and metallofullerenes. In this reaction, to create low-dimensional metal nanowires,
we have utilized well-aligned one-dimensional array of metallofullerenes (Gd@Csy) in
SWNTs (i.e., peapod). We have found that the one-dimensional array of Gd@Cs> was
converted effectively to Gd-metal nanowires by high-temperature heat treatment. A similar
heat treatment has already been reported for Cq array in SWNTSs, which results in formation
of double-wall carbon nanotubes (DWNTs)!

We have characterized the Gd-nanowire by high resolution transmission electron microscopy
(HRTEM) and Raman Spectroscopy. Based on HRTEM images (Fig.1) together with the
multi-slice image simulation, we suggest that the typical nanowires synthesized here possess a
2 X2 structure as schematically shown in Fig.2. Interestingly, this structure does not
correspond to any of bulk Gd crystal structures ever reported. Furthermore, other types of
Gd-nanowire structures have also been easily observed by HRTEM. In this presentation, we
will discuss detailed structures of these Gd nanowires encapsulated in SWNTs.

References:

[1] R. Meyer, et.al., Science 289, 1324(2000).

[2] R. Carter, et.al., Phys.Rev.Lett. 96, 215501(2006).
[31 S. Bandow, et.al., Chem. Phys. Lett. 337, 48(2001).

ﬂlﬂ-mm MU”‘ —uw«bm ‘ ‘m -

Fgue.l HRTE image of o Figue.2 Structure model
Gd-nanowire@CNT (Scale bar: 2 nm) of Gd-nanowire@CNT
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Copper nanowires (CuNWs) have been extensively studied as a material for next generation electronic
nanodevices. However, some problems related to quality, such as stability, crystallinity, and long
one-dimensional growth, still remain. The hybridization of CuNWs and carbon nanotubes has been tried
as one of the ideas for improving the quality of CUNWs. Arc discharge is believed to be one of the better
methods for formation of CuNW-filled multi-wall carbon nanotubes (CuNW@MWNTs). We have
recently reported that perfectly filled CUNW@MWNTS can be produced at more than 90% of the filling
rate by using the hydrogen arc discharge method. In this study we investigated the effect of a copper
content in an electrode and the arc current on the yield and the filling rate.

CuNW@MWNTSs were produced by the conventional DC arc discharge. A hole (3 mm diameter) was
drilled in the center of a graphite anode (5 mm diameter) and filled with a mixture of graphite and copper
powder. The graphite powder and copper powder were mixed by choosing a copper/graphite atomic ratio
of 0-100%. A 20 mm in diameter graphite rod was used for the cathode. The two electrodes were set
vertically in a vacuum chamber. Hydrogen gas was filled up the chamber at a pressure of 0.1 MPa and
was flowed at 500 ml/min during arc vaporization. Arc discharge was maintained at 50-90 A for 1 min.

The yield and filling rate of the CANW@MWNTs were very low in the case of low copper content (Fig.
1(a)). SEM observation revealed that the yield and the filling rate of CUNW@MWNTs ncreased
gradually with the copper content in the anode (Fig. 1(b)). In the case of copper content of 100%
CuNW@MWNTs were included in soot that was deposited in the largest quantities on the inner wall of
the chamber (Fig. 1(c)). Figure 1(d) shows that the obtained CLLNW@MWNTS had 10-45 nm diameters
and the filling rate of the MWNTs : B
was extremely high. Many TEM
observations clarified that more than
90% of the as-prepared MWNTS
were filled perfectly with CuNWs.
The CUONW@MWNTs consists of
less than 10-nanotube layers and fcc
copper crystals inside the MWNT in
a long-range order. The distance
between the lattice fringes of the
filled copper crystals was measured
at about 0.21 nm, which is identical
to the d-spacing of the (111) atomic
plane of copper.

Flg 1 SEM images of the chamber soot obtained by using the anodes
Corresponding Author: Akira Koshio including copper of (a) 10, (b) 70 and (¢) 100%. (d) TEM image of
E-mail: koshio@chem.mie-u.ac.jp CuNW@MWNTS corresponding to (c).
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Carbon nanotubes (CNTs) encapsulating metal compounds nanowire (MNW-CNTs) have
attracted wide interests because such CNTs may exhibit novel electronic and magnetic
properties due to unique low-dimensional structures as well as the possible presence of charge
transfer between CNTs and encapsulated nanowires. In this respect, high filling ratio of
nanowires is essential to explore properties of MNW-CNTs. Here, we report synthesis of
MNW-CNTs of high-filling-ratios and structural characterization of encapsulated nanowires
based on TEM observations together with simulated annealing calculations of the observed
TEM images.

Cap-opened CNTs and ErCl; were high-temperature heat treated at 800 °C under a vacuum
of 10™ Pa. The sample was then washed in ethanol by ultrasonication and dried at 80 C.
Figure 1 shows a TEM image of ErCl;@CNTs. Based on the TEM images, the filling ratio is
estimated as high as 90 %, and the mean length of ErCl; nanowire is ca. 50 nm. Minimization
of the coulomb interaction energy exerted in the nanowires by a simulated annealing
calculation, we have constructed a structure model of ErCl; nanowire as shown in Fig.2. This
simulated structure model well reproduces the observed TEM images (Fig. 3). We will also
discuss the magnetic property of these novel CNT materials.

Fig. 1 HR-TEM image Fig. 2 A structure model Fig. 3 The result of TEM
of MNW-CNTs of ErCl; nanowire the image simulation
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Molecular encapsulation in the hollow space of a carbon nanotube has attracted
interests with various potential applications. The filling technique has also opened a
path to realize controlled chemical reaction in nanoscale chamber for atomic scale
selectivity. Experiments have been reported on formation of DWNT from Cg fullerenes
peapods [1] and ferrocene filled SWNT [2, 3]. The reports demonstrate that the growth

“mechanism of the inner tube depends on filler precursor.

In this work, we perform MD simulations of the nucleation process of SWNTs from
a catalytic metal cluster inside an SWNT template to gain understanding in the growth
mechanism. The methodology is inherited from the previous works on nucleation of
SWNTs from isolated catalytic metal clusters [4]. As an initial condition, a Ni cluster
with dissolved carbon atoms is placed in a rigid carbon nanotube. By supplying carbon
atoms to the metal cluster, with keeping the number of free carbon atoms constant,
nucleation of the inner SWNT was observed. Figure 1 shows the nucleation process at
different time of the reaction. Once the open surface of the metal cluster is covered with
carbon atoms, the feed carbon atoms are adsorbed onto Ni atoms adjacent to the outer-
tube wall. Eventually, the supersaturated carbon atoms inside the metal cluster surface
lifts of and the cap can be recognized together with the tubal structure. Dependence of

the phenomena on the metal-cluster size and outer-tube diameter will be discussed.

[1] S. Bandow, etal Phys. Chem. Lett., 337 (2001) 48. [2] L. Guan, etal., Carbon 43 (2005) 2780. [3] H. Shiozawa,
etal., phys.stat.sol.(b) 244 (2007) 4102. [4] Y. Shibuta and S. Maruyama, Chem. Phys. Lett., 382 (2003) 381.
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Fig. 1 Nucleation process from a catalytic metal cluster inside carbon nanotube



1P-44

SWNH as an Effective Delivery System for Macromolecule Anti-cancer Drugs

O Xu Jianxun,' Yudasaka Masako,' Zhang Minfang,' Tijima Sumio'”

!JST/SORST, ¢/o NEC, 34 Miyukigaoka, Tsukuba, Ibaraki 305-8501, Japan
2Meijo University, 1-501 Shiogamaguchi, Tenpaku-ku, Nagoya 468-8502, Japan

Single Wall Carbon Nanohorn (SWNH) is a new kind of nano-carbon material, which has horn-
like structure with 2~5 nm diameter. Usually about 2,000 SWNHs assemble to form an spherical
aggregate with diameter of around 80~100 nm." The SWNH aggregate emerges as an attractive
candidate for a drug delivery system (DDS). It is specially promising to carry an anticancer drug,
many of which are water insoluble macromolecules and highly toxic, to make them effectively
delivered, and released in a controlled way.

In this study, we incorporated Docetaxel (Doc), an anticancer drug used for stomach cancer,
breast cancer, non-small cell lung cancer and so on, into hydrogen peroxide treated SWNHSs by
modified nano-precipitation method. The weight percent of incorporated Doc is around 28%.
Taking advantage of those carboxylic groups on SWNHs, we firstly introduced amine-PEO3-
biotin to the conjugate to improve the hydrophilicity, which was identified by energy dispersive
x-ray analysis. Then, streptavidin, a small protein, was attached on the complex due to the high
affinity between streptavidin and biotin. The weight percent of streptavidin is estimated roughly
to be 25%.

INd
o
1

Furthermore, we investigated the anticancer
effectiveness of Doc@SWNH-Streptavidin using a
stomach cancer cell line. The cytotoxicity
experiment was conducted using WST-1 reagent
(Figure 1). The cells were incubated with Doc,
SWNH-Streptavidin and Doc@SWNH-Streptavidin
(~3 ug/ml) respectively for two days. We found that
the wviability of the cells with Doc@SWNH-
Streptavidin decreased dramatically: only 1/3 of that
of the cells with SWNH-Streptavidin. These indicate
that Doc can be delivered by SWNH-Streptavidin Figure l.Cytotoxicity experiments using_cgncer cells
into the cells and the released Doc causes cell death. Sgiggﬁﬁhs’i‘;;ﬁfﬁ Fi-Strepravidin (C) and
Thus, we think SWNH-Streptavidin could be an

effective DDS.

SWNH-Streptavidin
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Single-wall carbon nanohorns (SWNHs) have inherent hollow spaces, and the holes can be
opened easily by the oxidation (SWNHox). Various kinds of materials, such as Ceo [1, 2] and
Pt-compound [3], can be incorporated inside SWNHox, however, the incorporated materials
are exposed to the surrounding gases, solvents, etc. Recently, experimental results and
theoretical calculations indicated that the small-holes can be closed by heat-treatment in Ar
atmosphere at 1200°C (SWNHh) [4]. In this study, we confined the Gd particles to inside
space of SWNHox, which is a potential contrast agent for magnetic resonance imaging. We
also found that Gd compounds moved by capillary suction mechanism during the heat
treatments, which was useful to infer the structure of the aggregate of SWNH.

Gd acetate (50 mg) and SWNHox (50 mg) dispersed and stirred in ethanol (20 ml) at room
temperature for about 12 hours. The mixture was filtered and washed with ethanol (20 ml)
two times to remove the excess Gd acetate existing outside SWNHox and dried for 24 hours
in vacuum at 50°C (Gd@SWNHox). The Gd@SWNHox was heat-treated for 3 hours at
1200°C under an Ar atmosphere (760 Torr).

Specific surface area and pore size distribution estimated from N,-adsorption isotherm at
77K showed that holes were closed by heat treatment and Gd compounds were confined
inside SWNHs. STEM/EELS results indicated that Gd acetate changed to Gd>O3; and moved
to tips of sheath of SWNHs and center of SWNH aggregates. Besides these, we also found
that Gd,O3 with 10~20 nm sizes near the center of SWNH aggregates. The details are shown
in the presentation.

Reference:

[1]1K. Ajima et al. Adv. Mater. 16, 397 (2004).

[2]1 R. Yuge et al. J. Phys. Chem. B109, 17861(2005).
[3] K. Ajima et al. Mol. Pharm. 2, 475 (2005)
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2 —E
Electrical resistivity for the pellet formed from F (@ ~Teokgn
oy . . : BONH
nanohorns (NHs) became low with increasing the doping R T,-36% 10K
rate of boron to the nanohorns [1]. Temperature £ | g
dependence of the electrical resistivity indicated a feature € w

explainable by the mechanism based on the 3-dimentional
variable range hopping conduction (3D-VRH).
Characteristic temperature 7; of 3D-VRH for B-doped
NHs closely depended on the doping rate and the electrical
resistivity at room temperature (prr) decreased with
increasing the doping rate (sce Fig. 1a).

We consider that the change of 7 is originated in the
increase of the electronic density near the Fermi-level due
to substitutional doping of boron to the NH-wall.  Similar
phenomenon was also observed in B-doped nanotubes [2].
However, the detection of boron in the NH-wall has not
been succeeded due to possibly low doping rate (< 1000
ppm atomic). In the present study, we carried out the
experiments of pressure-dependence on the electrical
resistivity that will tell whether or not the 7, values depend
on the condition of contact between the NH-particles.
Experimental results of temperature dependence of pgr
with a parameter of the pressure to form pellet are in Fig.
1b and summary of 7; and pgr is in Fig. 2.

From Fig. 2, it can be found that T, is not susceptible
to the pressure but strongly depends on the doping rate.
Difference is clear as indicated by the arrow-headed bar
in Fig. 2. On the other hand, pgrr is rapidly decreased
with increasing the pressure.
that the change of 7 is purely the effect of boron doping
and the electronic density certainly increases as a
function of the doping rate.

These facts also support

[1] M. Harad et al., The 33™ F&NT General Symp. (2007) 1P-34.
[2] S. Bandow et al., J. Phys. Chem. C 111, 11763 (2007).
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Recently, we fabricated a nanohorn-based hybrid as a drug delivery system for
photodynamic therapy (PDT): a photosensitizer, zinc phthalocyanine (ZnPc) was loaded
on single-wall carbon nanohorn (SWNH) with hole-opened (SWNHox) and SWNHox
was modified with a protein of bovine serum albumin (BSA). We previously showed that
the ZnPc-SWNHox-BSA was taken up by the cultured rat cancer cells and destructed the
cells when the 670-nm laser was irradiated. The efficiency of ZnPc-SWNHox-BSA on
killing cancer cells was higher than the intact ZnPc was used [1]. We expected the
similar PDT advantage of ZnPc-SWNHox-BSA over ZnPc would appear in vivo, and
carried out the animal (mouse) testing as presented in this report.

We subcutaneously transplanted the cultured rat cancer cells to nude mice, and bred
the mice under appropriate conditions. The ZnPc-SWNHox-BSA was prepared by the
same method as we previously reported [1]: SWNHox was prepared by light-assisted
oxidation [2], ZnPc was loaded on SWNHox, and BSA was attached to the -COOH
groups of SWNHox [2]. ZnPc and ZnPc-SWNHox-BSA were dispersed in PBS with a
sonicator, and the obtained homogeneous-dispersions were intratumorally injected to the
tumors of the mice. The tumor sizes and mouse-body weights were measured everyday
after intratumoral injection. We found that the tumor volumes increased with days
irrespective of the specimens injected into tumors when the laser was not irradiated,
suggesting that ZnPc or ZnPc-SWNHox-BSA did not have any anticancer effects.
However, when the 670-nm laser was irradiated on the tumors, the tumor growth was
suppressed, exhibiting the PDT effect of ZnPc and ZnPc-SWNHox-BSA. It was also
found that the PDT effect of ZnPc-SWNHox-BSA was much stronger than ZnPc. The
reason for this is discussed in the talk.

[1] Zhang, M.; Yudasaka, M.; Ajima, I.; lijima, S. The 33* F-NT symposium.
[2] Zhang, M.; Yudasaka, M.; Ajima, K.; Miyawaki, J.; lijima, S. ACS NANO, 1, 265-272 (2007).
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Direct methanol fuel cells (DMFC) are very 10]

promising power sources for portable applications z géyhrsl?&lf:gee
and high efficiency due to simple handling and \f—/ ]
processing of fuel. In order to increase the output & 5- Conventional
power of DMFC, it has been used that the catalyst §- g
which contained Pt/Ru supported on an arc-soot 2
(AS) @ which was synthesized by twin-torch-arc & 1

. . . . 0 U L Bt B A
apparatus. This research discussed fabrication 0.00 0.05 0.10 0.15
process of the membrane and electrode assembly Current (A)

(MEA) such as formation of the catalyst layer,
selection of a carbon paper, and addition of a
conductive material.

The catalyst layer was formed by dry squeegee

Fig. 1 Comparison of the formation
techniques of catalyst layer of MEA.

30 70 ~
technique. A dry catalyst powder of catalysts was & . —E6o%
putted on a carbon paper, it was smoothed out, and § 20- }SOE
Nafion solution was dropped onto the catalyst % 540§
powder to fix the catalyst powder and the carbon =104 — 3073
paper. The output power in case of the dry squeegee & }//D/D\D\G .‘ig;g
technique was applied to formation of catalyst layer © 0 Fo =
was twice as high as that in case of a conventional 0 10 20 30 40 50
technique was applied (Fig.1). CNB content (wt.%)

In this research, carbon nano-balloon (CNB) ® Fi -

: . . ig. 2 Variations of output power and
was mixed in catalyst to decrease MEA resistance. \EA resistance with CNB content
Resistance and particle size of CNB (0.091 mQcm,  in catalyst.

24 nm) was 1/50 and 1/2 as low and small as AS,

respectively. It is shown in Fig. 2, at a CNB content of 25 wt.%, output power has a
maximum (10 mW) and MEA resistance has a minimum (36 mQ). Incase of CNB content
was greater than 25 wt.%, increasing CNB content caused increasing current course, because
CNB had smaller particle size than Pt/Ru particles.

This work has been partly supported by the Research Center for Future Vehicle from Toyohashi University of
Technology and the Global COE Program "Frontiers of Intelligent Sensing" from the Ministry of Education,
Culture, Sports, Science and Technology.

References
[1] K. Higashi, et al., Appl. Plasma Sci., 13, 99 (2005)
[2] H. Niwa, ef al., New Diamond Frontier Carbon Tech., 15, 73 (2005)

Corresponding author: S. Oke.
Tel: +81-532-44-6728, fax: +81-532-44-675727, e-mail: oke@eee.tut.ac.jp.



1P-49

Close-Open-Close Evolution of Holes in Single-Wall Carbon Nanohorns
Caused by Heat Treatment

O Jing Fan', Masako Yudasaka'?, Jin Miyawaki', Ryota Yuge®,

Takazumi Kawai’, and Sumio Iijima'**

1) SORST/JST, NEC Corporation, 34 Miyukigaoka, Tsukuba 305-8501, Japan
2) NEC Corporation, 34 Miyukigaoka, Tsukuba 305-8501, Japan
3) Meijo University, 1-501 Shiogamaguchi, Tenpaku-ku, Nagoya 468-8502, Japan

Our previous experimental results and theoretical calculations indicated that the holes at the
tips of single-wall carbon nanohorns (SWNH) could be closed by the heat treatment at1200°C
in Ar atmosphere [1]. We also found that the hole closing exhibited the close-open-close
evolution during the heating when the hole sizes were about 0.7 nm [2]. When the hole sizes
were smaller or larger, the close-open-close evolution did not appear, that is, the holes were
closed and never re-opened [2]. The mechanism of these changes were investigated precisely,
and presented in this report.

To open the holes, SWNHs were oxidized in flowing air by slow combustion method [3]
(SWNHox) with various target temperatures (Tox 300~ 500 °C). For closing the holes,
SWNHox was heat-treated at 1200°C in Ar for O~ 3 h. The hole closing was examined by
measuring Xylene-adsorption quantity using thermogravimetric equipment [4].

The holes with sizes of about 0.7 nm that exhibited the close-open-close evolution by the
1200°C heat treatment were opened by the oxidation at Tox of 400 and 450°C. We stopped the
heat treatment at 18 minute when the holes were closed, and at 198 minutes when the hole
were re-opened, and the structures of these two types of SWNHox were examined. The
transmission electron microscopy observation did not show any appreciable structure changes
caused by the heat treatment, indicating that the close-open-close evolution did not
accompany any overall structure-changes. IR spectrum and TPD mass-spectrrum
measurements indicated that the oxygenated groups existing at the edges of holes of
SWNHox were removed within the 18-minute of the heat treatment. We inferred from these
data that the first quick-closing was oxygen mediated, the quickly-closed tips took an unstable
structure, and this structural instability induced the re-opening. Using the oxygen mediated
closing model, we could explain the mechanism of the simple thermal-closing of the holes
with smaller or larger sizes.
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Comprehensive in vivo and in vitro toxicity assessments showed low acute toxicity of
as-grown single-walled carbon nanohorns (SWNHs) [1]. When hole-openings are
introduced at tips and topological defects in sidewalls, SWNHs become to carry various
drugs inside internal hollow spaces. Therefore, we proactively investigated intravenous
toxicities of hole-opened single-walled carbon nanohorns (SWNHs) toward their
biomedical applications. To investigate influence of physicochemical properties on the
toxicities, we prepared three samples; hole-opened SWNHs by light-assisted H,O»
oxidation (LAOx) [2] and slow combustion in air (SC) [3] methods, and the
LAOx-SWNHs chemically-modified with a protein, bovine serum albumin (BSA).

Irrespective of the hole-opening methods or chemical modification with BSA, all
mice (n = 5 for each group) received a single intravenous dose (6 or 8 mg/kg) of
nanohorns dispersed in PBS survived the 2-26 week test periods and showed normal
body weight gain. Black pigmentations were histopathologically observed in lumen of
lung blood vessels, hepatic Kupffer cells, and spleen for all animals, but induced no
toxicological lesions.

In the pulmonary vessels, the pigmentations accompanied vessel-wall thickenings for
SC-SWNH; both levels of the pigmentation and the wall thickening were
time-dependently reduced. We did not observe such wall thickenings for animals in the
LAOx-SWNH and BSA-SWNH groups. BSA-SWNHs seemed to be taken up by cells,
most likely pulmonic macrophages, at longer observation periods. On the other hand,
there was no difference in the level and morphology of pigmentations in the liver and

the spleen for any group. The detail will be discussed in the presentation.

[1]J. Miyawaki, et al., ACS Nano, in press. |2] M. Zhang, et al., ACS Nano, 1, 265 (2007). [3] J. Fan, et
al., J. Phys. Chem. B, 110, 1587 (2006).

Corresponding Author: Jin Miyawaki and Masako Yudasaka
E-mail: miyawaki@cm.kyushu-vu.acjp, yudasaka@frl.cl.nec.cojp TEL: +81-29-856-1940, FAX:
+81-29-850-1366

- 100~



2P-1

Effect of Al oxide buffer layer on SWNT growth
using alcohol gas source in high vacuum

oTomoyuki Shiraiwa', Shigenori Numao Osamu Oishi® Nobuyuk1 Nishi?
Takahlro Maruyama' and Shlgeya Narltsuka

'Department of Materials Science and Engineering, Meijo University,
1-501 Shiogamaguchi, Tempaku, Nagoya 468-8502, Japan
*Institute for Molecular Science, 38 Nishigo-Naka, Myodaiji, Okazaki 444-85835, Japan

Recently, the growth mechanism of carbon nanotube (CNT) has been
investigated using in situ observation techniques, such as transmission electron
microscopy (TEM) and X-ray photoelectron spectroscopy (XPS) [1, 2]. To clarify this
growth mechanism, we have developed single-walled carbon nanotube (SWNT) growth
in a high vacuum chamber using gas source method [3]. However, the yield of grown
SWNT was not sufficient for in situ observation. In this study, we attempted to increase
the yield of SWNT using Al oxide buffer layer and investigated the mechanism.

For the purpose of TEM observation, 200-mesh Mo grids were used as
substrates. Firstly, the grids were introduced into an ultra-high vacuum (UHV) chamber
and Al buffer layers were deposited on them using a pulsed arc plasma gun. The Al
thickness was varied from 0 to 30 nm. Once the grids were exposed to air for oxidation
of the Al layer, they were introduced into the chamber again, and Co (thickness ~0.1
nm) was deposited by an e-beam evaporator. Then, they were heated to the growth
temperature (typically 700°C), and ethanol gas (pressure: 1.0 10" Pa) was supphed to
grow SWNTs. The grown SWNTs were characterized by scanning electron microscopy
(SEM), TEM and Raman spectroscopy (Ar laser: 514.5 nm).

Fig. 1 shows an SEM image of SWNTs grown on 30 nm ALO/Mo grid at
700°C. High-density vertically aligned CNTs were observed on the grid. From TEM
observation, it was found that most of the grown CNTs were SWNTs. As the AlLOx
thickness was reduced, the yield of SWNTs decreased, showing web-like structures. In
addition, Co catalyst size seemed to decrease as the Al buffer thickness increased. This
suggests that the increase of the SWNT yield was partly due to the increase of Co
nanoparticles with 1-2 nm in diameter by suppression of Co coalescence. These results
indicate that the support of Al oxide layer is effective for high-density SWNTs growth.

A part of this work was supported by
“Nanotechnology Network Project” of the
Ministry of Education, Culture, Sports,
Science and Technology (MEXT), Japan.
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It is remarkable that a diameter selective synthesis of highly pure SWNTSs has been
achieved by temperature-controlled CVD of an alcohol on metal supported Zeolite [1].
In past several purification methods, removal of metal catalysts and Zeolite from
SWNTs under severe purification conditions was required. However, SWNTs may be
damaged under the conditions. Recently, an effective exfoliation method of SWNTs in
organic solvents with an amine as a dispersion reagent [2] and a convenient
amine-assisted separation method for SWNTs that makes metallic SWNTs enriched
remarkably in a simple way [3] have been developed.

We report here purification of SWNTSs, produced by the CVD method of an alcohol
on metal supported Zeolite, was simply achieved through the dispersion-centrifugation
process. The purified SWNTs were characterized on the basis of visible-near infrared
absorption, photoluminescence and Raman spectroscopic analyses, and scanning
electron microscopy observation. Moreover, selective extraction of metallic SWNTs

was also accomplished by an optimized amine-assisted separation method.

[1] Murakami, Y. et al., Chem. Phys. Lett. 2003, 374, 53.
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Abstract: Highly purified metallic and semiconducting single-wall carbon nanotubes
(SWCNTs) can be obtained from density gradient centrifugations [Fig. 1(a)],' however,
the estimated high purity has been derived from the ratio of metallic and
semiconducting nanotubes. In a sample solution obtained just after the centrifugations,
not only SWCNTSs but also surfactants and gradient media exist, thus in this context the
purity of SWCNTSs is not high. Removal of surfactants and gradient media is important
to correctly investigate the intrinsic characteristics of SWCNTs with a single electronic
type. Here we propose the following removal protocol; filtration with centrifugations,
methanol and HCI washing. In a sample, which is not sufficiently rinsed after
centrifugations, the amount of residual metals was estimated to be approximately 30 %
[Fig.1 (b)], suggesting the presence of sodium and other contaminants originated from
the surfactants and gradient media. In a sample purified through our removal protocol,
however, it became less than 1 %. HR-TEM images indicated that the presence of
contaminants was small. X-ray photoelectron spectra showed that the carbon content of

a sample after the removal processes is nearly 99 %.

(a) 3 ‘ o (b) T " Before removal -
gl | Ly before separation T e After removal
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Fig. 1 (a) Absorption spectra of pristine (top), metallic (center) and
semiconducting SWCNTs (bottom). (b) The results of thermogravimetric
analysis of SWCNTSs before and after our removal procedures.
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Diagnostics and Control of Growth of Vertical-aligned Carbon
Nanotube Forest by Using a Telecentric Optical System

oSatoshi Yasuda, Don N. Futaba,
Motoo Yumura, Sumio Iijima, and Kenji Hata

'Reserach Center for Advanced Carbon Materials, National Institute of Advanced
Industrial Science and Technology (AIST), Tsukuba, 305-8576, Japan

The carbon nanotube (CNT) forest with properties of high-purity, vertical alignment,
and millimeter-scale height has shown exceptional promise as a new industrial material
for various applications spanning actuators, energy storage, to sensors.[1,2] Therefore,
understanding the growth mechanism and controlling the growth progression becomes
paramount to fully realize the potential for these applications. For that purpose, a
monitoring system which possesses ease of use, accuracy and wide range is needed. A
number of groups have previously reported in situ measurement systems based on
optical interference and absorption, diffraction, and projection [3-6]. However,
conventional measurement methods were insufficient to accurately measure the growth
kinetics for a wide range of growths due to limited resolution and limited field of view.
Further the measurement system required periodic adjustment of the optical system and
sometimes complex analysis of the raw data.

Here we report a simple in situ height measurement system for CNT forests which
possesses both high resolution and large field of view. Employing a telecentric optical
system operating with a infinite focal distance, this system is free of the need for
periodic adjustment to the working distance.

We made it possible to measure the growth curve easily with much higher precision
compared with the conventional measurement system. This system enabling in sifu
measurement can monitor the measurement point consecutively, so we have elucidated
the existence of various growth curves of forest that have not been verified so far.

[1]1K. Hata, D. N. Futaba, K. Mizuno, T. Namai, M. Yumura, and S. lijima, Scinece 2004, 306, 1362

{2] D. N. Futaba, K. Hata, T. Yamada, T. Hiracka, Y. Hayamizu, Y. Kakudate, O. Tanaike, H. Hatori, M.
Yumura, and S. lijima, Nature Material 2006, 5, 987

[3]1 D. B. Geohegan, A. A. Puretzky, I. N. Ivanov, S. Jesse, and G. Eres, Appl. Phys. Lett., 2003, 83, 1851
[4] S. Maruyama, E. Einarsson, Y. Murakami, T. Edamura, Chem. Phys. Lett., 2005, 403, 320

[5] L. M. Dell’ Acqua-Bellavitis, J. D. Ballard, P. M. Ajayan, and R. W. Siegel, Nano lett. 2004, 4, 1613
{6] I. Gunjishima, T. Inoue, and A. Okamoto, Jpn. J. Appl. Phys., 2007, 46, 3149
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Abstract

Alcohol catalytic chemical vapor deposition (ACCVD) has become a popular CVD method
for growth of high-purity single walled carbon nanotube (SWNT) films due to the low cost
and easy-handling of a non-hazardous CVD gas source. [1] At CVD temperatures, ethanol
mainly decomposes into ethylene and water. [2] These thermally generated molecules could
affect SWNT growth. However, there are few gas analysis studies for ACCVD.

In this study, we have investigated gas molecules behavior during ACCVD using Fourier
Transfer infrared spectroscopy (FT-IR: Otsuka electronics IG-1000). FT-IR cell was inserted
between a reactor tube and a vacuum pump. SWNT synthesis was performed by using ethanol
as the carbon source and Co/Mo bimetal as the catalyst. ~ Growth temperature was 1113 K.

The time dependence of gas molecule intensities is shown in Fig.1. In order to distinguish
catalytic decomposed molecule N ) -
intensities from thermally decomposed 0.02 9 ® Et OHT
molecule intensities, the intensities :
obtained in the presence of catalyst were
subtracted from those obtained in the
absence of catalyst. In the early stage,
ethanol was consumed and ethylene and
water were generated. After a few
minutes, ethanol was reached to zero, and
cthylene and water were changed from
generation mode to consumption mode.
The consumption mode was continued 0 5 10 15 20 25
during growth period. This mode would Growth time [min]
be caused by deposition and etching of
carbon on the substrate and/or Fig.l FT-IR intensity difference of with and
synthesized SWNT surface. without catalysts for ethanol, ethylene, and

water as function of growth time. Each

We will discuss this behavior of gas . L9 . b . . f
lecules with fime dependence of intensity is normalized by the intensity o
mo p ethanol at 2.7 kPa at RT.

SWNT film thickness and weight.

0.01

Relative intensity difference

References: [1] S. Maruyama et al. Chem. Phys. Lett. , 360, 229(2002); [2] J. Herzler et al. J.
Phys. Chem., 101, 5500 (1997)
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Growth of double- and triple-walled carbon nanotube on MgO substrate

ORyoji Naito', Toshiya Murakami', Yuki Hasebe', Kenji Kisoda?, Koji Nishio',
Toshiyuki Isshiki' and Hiroshi Harima'

'Department of Electronics, Kyoto Institute of Technology, Kyoto 606-83585, Japan
’Physics Department, Wakayama University, Wakayama 640-8510, Japan

Selective growth of carbon nanotubes with desired chirality and wall number is a key
issue for future industrial applications. We have recently reported that high purity
double-walled carbon nanotubes (DWNT) can be grown with a post-growth purification
process by chemical vapor deposition (CVD), using a mixed catalyst on MgO at optimized
composition.[1] We developed here a direct synthetic method of DWNT and triple walled
nanotubes (TWNT) without such post-growth purification process.

Using Co or Fe catalyst loaded on MgO (100) by dip-coating, carbon nanotubes were
grown by CVD at 850°C with ethanol as a carbon source. As seen in a typical TEM image of
the as-grown sample, Fig.1, the product was dominated by DWNT (~65%) and TWNT
(~35%), while single-walled ones (SWNT) were hardly observed. Tube diameters of the
DWNT were distributed in 0.6-3.2 nm (inner tube) and 1.2-4.0 nm (outer tube). Figure 2
shows their Raman spectra (top two traces) comparing with those of high-purity SWNT
grown on Si/SiO; [2, 3] and DWNT grown on MgO powder.[1] The band shape of radial
breathing mode (RBM) and G band of the as-grown samples looks very similar to those of
DWNT reference. Recalling that DWNT and TWNT has much lower Raman scattering
efficiency compared to SWNT,[1] the Raman spectra also support that DWNT and TWNT
were selectively grown on MgO substrate without post-growth puriﬁcation.

G band
/&J\k MgO: Co
g /ﬁ\/J\/\' MgO: Fe /A
o
g
Ry
B ref. SWNT
W s

150 20() 250 300 350 1700 1300 1400 1500 1600
Raman Shift (cm’ )

Fig. 1 TEM image Fig. 2 Raman spectra (532 nm exc.)

[1] T. Murakami, et. al., submitted to “J. Appl. Phys.”

[2] T. Murakami. et. al., J. Appl. Phys. 100 (2006) 094303.

[3] T. Murakami. et. al., Jpn. J. Appl. Phys. in press.
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The development of a non-destructive method for purification of carbon nanotubes
(CNTs) is needed for their industrial applications. For this purpose, we have designed some
amphilic oligopeptides which can disperse CNTs in water. The result of dispersion
experiment, pep-2 was demonstrated to effectively disperse CNTs in water comparing to other
peptides. If pep-2 interacts with CNTs but not with amorphous carbons and metallic
catalysts, the dispersion procedure with pep-2 can be used as a method for purification of
CNTs without damaging them. In this study, a raw CNT material (MER Co., Tucson USA)
containing amorphous carbons and metallic catalysts was dispersed into water and the
properties of the dispersed CNTs were evaluated by scanning electron microscopy (SEM),
Raman spectroscopy, thermogravimetric analysis (TGA), UV/Vis/NIR spectroscopy, and
clemental analysis.

To prepare the CNT-dispersed aqueous solutions, raw CNTs (40 mg) were added to 0.1
wt% pep-2 aqueous solution (40 ml), and the mixture was sonicated in water using bath and
tip-type sonicators in an ice bath. After centrifugation, the supernatant was collected to
remove insoluble materials. By adding methanol, black materials came out from the
supernatant, followed by washing with methanol and water to remove an excess of adsorbed
peptides on the surface of CNTs. Finally, recovered CNTs were collected by lyophilization.
As aresult, 3.6 mg of recovered CNTs was obtained from the 40 mg of raw material.

Comparison of SEM images of the raw and recovered CNTs showed disappearance of
most of the amorphous carbons that existed in the raw CNTs. This morphological
observation indicates that the raw CNTs can be purified to some extent by dispersing with
pep-2. It was thought that amorphous carbons were selectively removed by dispersing with
pep-2. Detailed properties of the recovered CNTs estimated by Raman spectroscopy, TGA,
UV/Vis/NIR spectroscopy, and elemental analysis will be discussed.

Corresponding Author : Shin Ono \/‘(J)\ & V@
NH NH 0]
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Toward Single Structure of SWNTSs: Simultaneous Enrichment in (r,m)
and the Optical Purity of SWNTs through Extraction with
Carbazole-Bridged Chiral Diporphyrin Nanotweezers
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! Department of Chemistry, Shiga University of Medical Science, Otsu 520-2192, Japan
? Department of Chemistry, Graduate School of Science, Kyoto University, Sakyo-ku,
Kyoto 606-8502, Japan

We have obtained optically active SWNTSs through chiral molecular recognition of
carbon nanotubes with chiral porphyrin nanotweezers.!” In the studies, we found that
changing the spacer in chiral nanotweezers is effective to enhance the optical activity of
SWNTs. Here, we designed and synthesized 3,6-carbazole-bridged chiral diporphyrin to
discriminate both (n,m) and helicity of SWNTs. )

Figure 1 shows the absorption spectra of the

as-received and extracted SWNTs. It shows clearly
that (7,5) and (8,4)-SWNTs, having quite similar

(7.5}
CoMnCual SWNIs

2.4}

diameters, were enriched significantly after the wx e SW NI

extraction, which is also supported by Raman spectra.

As shown in Figure 2, the CD spectra of the extracted = = = o “me i "o v
Wirveleagth (nm}

SWNTs were symmetrical, indicating that the  Fig. 1 Absorption spectra of as-received and
extracted SWNTs dispersed in D,0/SDBS

solutions.

extracted SWNTs are optically active. Only two

w— Extracted with (R)-1

dominant CD peaks were observed at 374 and 639 187 7.5/ SWNT —— Extracted with (1

(7,5)-SWNTs

nm, which correspond to Es;, and Ey; transitions of
the (7,5)-SWNTs. These results indicate that one
stereoisomer of (7,5)-SWNTs was preferentially

CD Intensity

extracted through the extraction with the
carbazole-bridged chiral diporphyrin nanotweezers,

which is significant progress towards SWNTs with ~ Fig. 2 CD spectra of the extracted SWNTs in
D,0O/SDBS solutions

single structure.

References: [1] X. Peng, N. Komatsu, et al, Nat. Nanotechnol. 2007, 2, 361-365. [2] X. Peng, N.
Komatsu, T. Kimura, A. Osuka, J. Am. Chem. Soc. 2007, 129, 15947-15953.
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Effect of density of carbon supply on the synthesis of small diameter
SWNTs by ACCVD method using platinum as catalyst
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Controlling the diameter or diameter distribution of single wall carbon nanotubes (SWNTs)
Is important subject for application of SWNTs. It is well known that ambient temperature,
carbon source materials, and the kind of catalyst are important parameters for controlling the
production of SWNTs. We have reported the synthesis of SWNTs with small diameter and
narrow diameter distribution by using platinum metal as catalyst and porous glass (PG) as
support material [1,2]. Platinum catalyst gives SWNTs with small diameter, and their
diameter distribution changes by the density of carbon supply.

The SWNTs samples were synthesized by
ACCVD method using ethanol as carbon source,

and platinum catalyst was deposited on PG. In ABSEERRRE AR RN R AR AR RARRE
the present work, the ambient temperature and o (6,5) (54 ]
the inner pressure of ethanol were systematically S P ]
changed in order to synthesize the smaller and p0-Wterr A J\\j w ]
the narrower diameter distributions of SWNTs. ; _’H“[;;' - f\\ W
The obtained SWNTs were characterized by 3 P.0ktorr

TEM, Raman spectroscopy, and fluorescence < Lﬁm K\«'\w m_,ﬁ_..,w_r/\h_wj
spectroscopy. Typical example of Raman spectra .® WJ u‘v\._ﬂ R
is shown in Fig.l. It was found that as the >F 0. Ttorr V‘J .
cthanol pressure decreases, the diameter ;¢ o \ " sl i
distribution of SWNTs shifts to smaller one, 5 e e J ]
especially the Raman peaks at 311cm ' (assigned *+ o .ﬁx, KWMLWWM
to (6,5) tube) and 370cm ™ (assigned to (5,4) tube) o Torr ]
increase significantly. In the high frequency e MF [T ]
region, it was found that D-band, G and G™-band oo torr UV B MM:
also systematically change, depending on the E,f‘*'m?# R
ethanol pressure. Furthermore, it was also found 150 200 250 300 350 400 450 500 550
that relative ratio of these peaks and diameter Raman Shift/cm’

distribution of SWNTs change by changing

ambient temperature and pore size of porous . ' _
glass. synthesized at 800 C with different

Figure.1,, Raman spectra of SWNTSs

pressure of ethanol (488nm excitation).

References:[1] Y. Aoki et al., Chem. Lett., 562, 34(2005)
[2] K. Urata et al., The 33" Fullerene-Nanotubes General Symposium, 1P-21 (2007).
Corresponding Author: Yohji Achiba

E-mail: achiba-yohji@c.metro-u.ac.jp, TEL:042-677-2534

-109-



2P-10

Toward the selective production of metallic SWNT
by the laser ablation method

oYasuhiro Tsuruoka and Yohji Achiba,
Department of Chemistry, Tokyo Metropolitan University, Tokyo 192-0397, Japan

Selecting catalyst and ambient gas properly are well known to control diameters of
SWNTs in laser ablation process. Actually, relatively small and narrow diameter distribution
can be realized by laser ablation method with Rh/Pd catalyst combined by N, gas atmosphere.
Furthermore, in the laser ablation experiments, we were able to make the condition such that
the laser-generated plume have different temperature experience during traveling inside the
furnace , and deposits somewhere in the downstream area to continue the growth of the tubes
up to several pm.[1].

In the present work, we prepared SWNTs by combining He gas and Rh/Pd catalyst by
changing the position of the laser ablation target inside a furnace as well as by collecting soot
at different positions. Figure 1 shows Raman spectra of the sample obtained by collecting the
soot deposited at five different places in the downstream area of the furnace. For example, the
sample 1 is the soot collected at relatively upstream position in comparison with the one of
the sample 5, and thus the annealing temperature for the sample 1 is reasonably thought to be
higher than that of the sample 5. As shown in Fig. 1, the resulting chirality distribution of the
(7,7), (8,5) and (9,3) tubes changes significantly, most probably reflecting the difference in
the annealing temperature. More detailed results and discussion will be shown in the
symposium.

1

Raman Shift (cm-1) Raman Shift (cm-1)
Fig. 1. Raman spectra of deposited soot at 48§8nm
[1] T.Nakayama et al., The 33" Fullerene-Nanotubes General Symposium, 1P-25 (2007)
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Single-walled carbon nanotubes (SWNTs) films were synthesized with various catalysts
by DC arc discharge using two graphite plates
fixed on the anode and cathode, respectively
[1][2]. Raman  spectroscopy, thermal
gravimetric analysis (TGA) and scanning
electron microscopy (SEM) were used to
characterize quality, purity and morphology of
SWNTs films. Based on results of these |
analyses, we have got properties-controlled
films by varying catalysts, atmospheres,
distance between two plates, current and
evaporation time of arc discharge. As an
example, when Mo and Fe used as catalyst, Ar
and H, as buffer gas, a kind of semitransparent
SWNTs film (Fig. 1 Macroscopic image) has
been made by this method, and the net of
sparse SWNTs bundles (Fig. 2 SEM image)
was formed on this film. Moreover, the
synthesized SWNTs films can easily be stuck !

on the other substrate, so that these films will

be a good candidate in many applications such
as composites, field emission, fuel cell and Fig. 2 SEM image of SWNTs film

SENnsors.

References: [1] X. Zhao, S. Inoue, M. Jinno, T. Suzuki, Y. Ando, Chem. Phys. Lett. 373 (2003) 266.
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Abstract

Surface wave assisted microwave (SW-MW) plasma was used for surface
modification of multiwalled carbon nanotubes (MWCNTs). CNTs were treated with
nitrogen and oxygen microwave plasma in order to functionalize covalently their side
walls. X-ray photoelectron spectroscopy (XPS) study shows surface modification with
nitrogen and oxygen containing different functional groups. Transmission electron
microscope (TEM) study shows induced defect in the side walls of nanotubes, without
destruction of multi layer structure of the CNTs. Functionalized CNTs shows very good
dispersion in organic solvent. Functionalized CNTs were incorporated in organic
heterojunction photovoltaic device and enhancement in device performance was
observed. Details study of CNTs functionalization via SW-MW plasma will be
discussed.
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Formation of nano pn junction diode via alkali-halogen
plasma ion irradiation
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Single-Walled carbon nanotubes (SWNTs) have a strong potential in fabricating
novel nano electronic devices in combination with other foreign molecules and atoms,
owing to their unique one-dimensional structure and electronic properties. Up to now,
our group has demonstrated electrical features of SWNTSs can drastically be modified by
alkali-metal encapsulation, and hence air-stable n-type semiconducting behavior can be
realized [1]. This result motivates us to develop a nano-pn junction diode by
encapsulating both electron donor and acceptor in a same individual SWNT. According
to the measurement of transport properties of ion-irradiated SWNTs, it is found that
halogen atoms filled in SWNTs play a role as an electron acceptor, and extreamly
enhance p-type characteristics. Furthermore, when both alkali (Cs) and halogen (I)
atoms are encapsulated in SWNT, a diode-like electrical property can be observed. In
addition to this diode like behavior, an interesting characteristic is also observed for Cs/1
encapsulated SWNTs as shown in Fig. 1(a). This characteristic is known as a unique
character of the p-n junction structure [2]. Furthermore, negative differential resistance
(NDR) properties are also observed at a low temperature condition (Fig. 1(b)). These
results indicate that the p-n junctions in SWNTSs tend to be created by means of selective

doping of electron donors and acceptors with the advanced plasma technology.
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Fig.1 Source-drain current (Ipg) vs gate voltage (V) characteristic (a) and NDR properties (b)
of Cs/1 filled SWNTSs under the FET configuration.

[1] T. Izumida et al., Appl. Phys. Lett. 89, 093121 (2006) .
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Conductivity and Application to Nanoimprint Photolithography
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Abstract: ’
We . fabricated the CHZZCHCO{’OCH2CHz}ﬁ‘@*é‘@*o{CHzcHzo‘}nCOCH‘CHZ
composites of SWNTs and b

m+n=4

UV-curable  monomer 1 Figure 1. Chemical structure of monomer 1

(Figure 1) by in situ
photopolymerization and
found that composite films exhibit extremely high electrical conductivity and low
percolation threshold compared to other SWNT/polymer composite. We considered that
this results were the consequence of the stable dispersion of SWNT by monomer 1. The
degree of dispersion of SWNT in the film was estimated by UV-near IR absorption
spectroscopy and transmission electron microscopy (TEM) technique and found that the
SWNT was dispersed homogeneously in the film. Nice 2D patterns of composites are
successfully fabricated by using nanoimprint lithography (Figure 2) [1]. The results
clearly indicate the high
processability of the
composite. Conceptually, the
combination of SWNTs and
UV cure monomer can be
applied in a wide range of
lithographic techniques such
as ink jet printing and laser
stereolithography. The same
procedure might be also

applicable for the
Figure 2. SEM images of nanoimprint patterns multi-walled carbon
fabricated by PDMS stamps. nanotubes.

References:[1]T. Fujigaya, S. Haraguchi, T. Fukumaru, N. Nakashima., Adv. Mater., in
press.
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via opening, resulting in improved electrochemical capacitance
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High specific surface area (SSA) materials are of huge importance given that all
reactions in solid phase take place at the surface. Having a theoretical maximum SSA of 1315
m®/g, as-grown single-walled carbon nanotubes (outer surface only) are often overlooked
when compared to high SSA materials such as activated carbon having an SSA of 2000 m’/g.
However theoretically the surface area of SWNTs can be doubled by utilizing the internal area
of the tubes.

Here utilizing the highest SSA as-grown SWNT forests (1299 m2/g) [1, 2], an
opening process, capable of almost doubling the SSA is presented. The opened SWNT forests
are then utilized as electrode materials for electrochemical capacitors. Their capacitance
performance is enhanced on the same order of magnitude as the increase in SSA.

[11 K. Hata, D. N. Futaba, K. Mizuno, T. Namai, M. Yumura and S. lijima, Science, 306, 1362 (2004)
[2] D. N. Futaba, K. Hata, T. Yamada, T. Hiraoka, Y. Hayamizu, Y. Kakudate, O. Yanaike, H. Hatori, M. Yumura
and S. lijima, Nat. Mater., 5 (12), 987 (2006)
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Photovoltaic cell made of single wall carbon nanotubes and fullerenes
OTatsunori Kuramoto, Toru Arai, Shingo Nobukuni, Yoshikazu Shimote, Tetsuji Moriguchi

Department of Applied Chemistry, Faculty of Engineering,
Kyushu Institute of Technology, Kitakyushu 804-8550, Japan

Carbon nanotubes and fullerenes have been
applied to photo devices[1-3]. In this study, we
synthesized the functionalized single wall carbon
nanotubes (SWNT-[Cso],) which were covalently linked
to fullerenes with linkers.

SWNT-[Ceo]n were deposited on a ITO glass by
the electrodeposition method in which Kamat et al.
reported the deposition of the SWNTs[4]. That is,
SWNT-[Ceo]n were suspended in THF with the aid of
tetraoctylammonium bromide and were deposited
(Fig.1).

Using the SWNT-[Ceol, film on ITO as working electrode, counter electrode was Pt plate
or Pt coated ITO, and an acetonitrile solution of 0.05 M iodine / 0.5 M sodium iodine was
applied as the electrolyte. SWNT-[Cgo], were excited with Xe light. Fig.2 shows the
photoresponse of SWNT-[Cqgl, film in a photoelectrochemical cell. These results indicate the
successful injection of electrons from the excited SWNT-[Cg]s to the ITO electrode.

The photocurrent density-voltage characteristics were measured with a sandwich cell (5
x 5 mm, data not shown). The observed photocurrent density was very low (for instance, ~3.1
nA/cm?). We will present the photocurrent density-voltage profiles and the reaction
mechanisms.

0 100 200 300 400 500 600 0 100 200 300 400 500 §00 700
Times(sec) ! _ Times(sec)

—

Fig.2. Photovoltage(left) and photocurrent(right) on-off
cycles of SWNT-[Cyln. It is excited with Xe light. The
counter electrode is Pt plate, and the electrolyte is 0.05 M L/
0.5 M Nal in acetonitrile.

Fig.l. SWNT-[Cq), were deposited on
ITO glasses by electrodeposition.

[1] S. Barazzouk, S. Hotchandani, K. Vinodgopal, and P. V. Kamat, J. Phys. Chem. B 2004, 108, 17015.

[2] T. Umeyama, M. Fujita, N. Tezuka, Naoki. Kadota, Y. Matano, K. Yoshida, S. Isoda, and H. Imahori, J. Phys.
Chem. C2007, 111, 11484.

[3] T. Hasobe, S. Fukuzumi, and P. V. Kamat, J. Phys. Chem. B 2006, 110, 25477.

[4] P. V. Kamat, K. G. Thomas, S. Barazzouk, G. Girishkumar, K. Vinodgopal, and D. Meisel, J. Am. Chem. Soc.
2004, 126, 10757.
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Precise Optical Detection of Mechanical Vibration of Cantilevered Carbon
Nanotubes in Air
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Mechanical vibration of cantilevered carbon nanotubes (CNT) enables highly sensitive
mass measurement with high sensitivity of 10%' g order in a vacuum. In order to apply this
method to biological samples, the measurements in air and in liquid are needed. In this study,
we have demonstrated the optical detection of mechanical vibration of cantilevered carbon
nanotubes in air.

A cantilevered multiwalled carbon nanotube PMT )

(MWNT) array on the knife-edge was prepared by optical fiber
electrophoresis method. The MWNTs used here were core:3.3um
synthesized by CVD and were about 50 nm in diameter.
A nanotube array was set on a stage with a piezo device
and was then oscillated mechanically by applying an
AC voltage to the piezo device. The nanotube
cantilever was irradiated by a laser beam with the
wavelength of 532 nm under the condition of dark-field
illumination. Scattered light by a certain MWNT was
collected to a single mode optical fiber with a core
diameter of 3.3 um, which act as an aperture, by using
an optical microscope as schematically shown in Fig. 1.
At the resonant frequency, the signal becomes minimal
because the nanotube cantilever vibration and the
vibration amplitude are related to the signal intensity.

Figures 2(a) and 2(b) show, respectively, optical
microscope images of the off-resonant and resonant
MWNT with the length of 10 um. Figure 2(c) shows an
SEM image of the MWNT. As shown in Figs. 2(a) and
2(b), the vibration of the MWNT is hardly detected
from the original optical images. On the other hand, as
shown in Fig. 3, the oscillation frequency dependence
of the signal intensity is clearly detected by using the

CCD
Camera

i

serb32nm

Fig.1 Schematic diagram of the optical
detection system.

Fig.2 Optical and SEM images of the
MWNT cantilever: (a) off-resonance, (b)
resonance, and (¢) SEM image.

detection system used in this experiment. The resonant 5 8
frequency of the MWNT is ~ 151 kHz and Q factor 5§75
calculated from the frequency dependence is about 113. £ 7
Thus, we have successfully detected the vibration of %65 i
nanotube cantilever in air using the optical detection 3 6
system. 350
g Sa7 a6 148 150 152 154 156
Corresponding Author: Seiji Akita, . Frequency (kHz)
E-mail:akita@pe.osakafu-u.ac.jp, Tel &Fax:072-254-9265 Fig. 3 Frequency-amplitude curve.
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Density increase of well-dispersed single-walled carbon
nanotubes by laser trapping

Thomas Rodgers o, Satoru Shoji, & Satoshi Kawata

LaSIE, Department of Applied Physics, Graduate School of Engineering, Osaka
Unwversity, 2-1 Yamadaoka, Suita, Osaka 565-0871

Aggregation of individual single walled carbon nanotubes (SWCNTSs) in highly
focussed laser light was observed by Raman scattering[1]. Nanotubes produced by
the high pressure carbon monoxide (HiPCO) method were dispersed in an aqueous
surfactant solution by sonication, and ultracentrifugation was used to ensure a
high ratio of individual, debundled SWCNTs. Laser light of 633nm was focused
through a high numerical aperture (NA = 1.35) lens to achieve the high optical
field gradient required for optical trapping and aggregation][2]. We observe the
dynamics of the radial breathing mode (RBM) Raman scattering signal from the
confocal volume of the optical trap, and show that there are distinct fluctuations
in the RBM amplitudes. These correspond to transient but significant density
increases of nanotubes in the focal volume. We discuss the independent behaviour
of the observable RBMs, with respect to the wavelength of the trapping laser and
the metallic/semiconducting nature of the corresponding CNTs. This experimental
technique has great potential in the application to post-production processing of
carbon nanotubes, such as substrate patterning[3] and chirality purification[4], due
to its minimal reliance on the chemical modification of SWCNTs[5].

[1] H. Lopez et al In-situ Raman Spectroscopy of Optically Trapped Single- Walled Carbon
Nanotubes for the MARO5 Meeting of The American Physical Society (abstract), 2005

[2] K. Svoboda and S. Block Optical trapping of metallic Rayleigh particles Optics Letters Vol.
19 No. 13, 1994

[3] J. Zhang et al Multidimensional manipulation of carbon nanotube bundles with optical
tweezers, Applied Physics Letters 88 053123 (2006)

[4] S. Tan et al Optical Trapping of Single Walled Carbon Nanotubes Nano Letters Vol 4, No 8
2004

[5] J. Plewa et al Processing Carbon Nanotubes with Optical Tweezers, Optics Express 12 1978,
2004
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Effects of Microwave Radiation on Heat-resistive Proteins Adsorbed on
Carbon Nanotubes

(OHirokazu Horiguchi and Masahito Sano
Department of Polymer Science and Engineering, Yamagata University 992-8510, Japan

Carbon nanotubes (CNTs) are heated efficiently by microwave radiation. We have shown
that this high heating capability of microwave radiation is quite useful for CNT chemistry. For
instance, transitional oil bath heating of the CNT reaction mixture during an amidation
reaction gage the maximum yield of 50 % after one week refluxing. Microwave heating of the
same mixture increased the yield to nearly 100 % within 30 min irradiation [1]. Also,
microwave heating of CNTs has a property that CNTs are heated much faster than the
surrounding medium even in solution or bulk. Thus, Pt-salt was reduced only at the surfaces
of CNTs to afford Pt-nanoparticels [2] and elastic response was improved in CNT/polymer
composites by local meting of polymer on CNT surfaces [3].

In everyday life, we are constantly irradiated by microwave radiation. A cellular phone
communicates using nearly 1| W microwave power with a local station which radiates about
30 W. Most IC tips in electronic devices operate at microwave frequencies also. Considering
the high efficiency of microwave heating, these situations raise a question of what happens if
the substances interacting with CNTs are bio-related. Recently, CNTs are actively studied for
medical applications such as DDS, cell scaffolds and artificial joints. Other than those cases
that CNTs are intentionally incorporated into bodies, they can be inhaled accidentally during
ordinary handling. Thus, it is of great importance to know what level of microwave radiation
affects living bodies with CNTs inside.

We have reported that, a red blood cell protein, hemoglobin (Hb) adsorbs specifically on
CNTs [4]. As a primary study, the effect of microwave was investigated on Hb/CNT system.
We have found that denaturation is clearly enhanced by 5 W power for 25 sec irradiation with
the presence of CNTs. In this case, the average temperature of the mixture was about 40 °C
and this means that water temperature near CNTs might be still higher. Because Hb denatures
easily by heat, this estimate may contain those Hbs that are denatured by heated water rather
than CNTs. To see the effect of CNT more directly, a mitochondrial protein, cytochrome-c
(Cyt-c) was investigated in this study. Cyt-c is stable against heat and has a reversible
folding/unfolding transition at 67 °C. Similar to Hb, Cyt-c possesses heme group that can be
used to follow its state by spectroscopy. We show that it takes more microwave power to
affect Cyt-c/CNT than Hb/CNT, although their difference is small. The spectra of radiated
Cyt-¢/CNT indicate that irreversible changes have occurred on Cyt-c upon irradiation, which
suggest that the first order structure may be destroyed. The study shows that a local phone
station may be hazardous for living bodies with CNTs inside.

[1] K. Kubota, M. Sano, T. Masuko, Jpn. J. Apll. Phys. 44, 465 (2005). [2] S. Yoshida, M. Sano, Chem. Phys.
Lert. 433, 97-100 (2006). {37 S. Yoshida, T. Mitsumata, M. Sano, Chem. Lett. 35, 262-263 (2006). [4] K.
Kato, M. Sano, Chem. Lett. 35, 1062-1063 (2006).
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Dependence on Insulator thickness for sensitivity of Carbon Nanotube
Field-Effect Transistor Biosensor

Masuhiro Abe'?, Katsuyuki Murata" %, Tatsuaki Ataka"?, and Kazuhiko Matsumoto™ > *

'Olympus Corporation, Japan, *New Energy and Industrial Technology Development
Organization, Japan, ° National Institute of Advanced Industrial Science and Technology,

Japan, * Osaka University, Japan

A carbon nanotube field-effect transistor (CNT-FET) should be able to detect living
biological molecules with high sensitivity. The structure of the CNT-FET device significantly affects
the performance of the sensor. In this study, we compared a sensitivity of the CNT-FET biosensors
which differs the thickness of the insulator

The metal gateless type CNT-FETs were used for _

Sensing arca

the biosensor (see figure 1). Antibodies were immobilized resist SiN
on the sensing area of the CNT-FET, and the electron
Drain

charges of the antigens trapped by the antibodies were

detected. Silicon nitride was used as an insulator in the

Back-gate

sample CNT-FET. The silicon nitride layer was covered
with a waterproof resist. Three kinds of CNT-FETs were  Figure 1. Metal gateless type CNT-FET.

used, which the thicknesses of the insulator were 20 nm, 50 nm,

and 80 nm, respectively. Pig serum albumin (PSA) and anti pig | ... 80 nm (Vgg = +2 V)

S S / = _
serum albumin (a-PSA) were used for the measurement, where 30 nm (Vg =-13 V)
20 am (Vg =+5 V)

PSA and a-PSA are an antigen and a corresponding antibody. For

the measurement, a silicone rubber wall was placed on the sensor, 710
where a solution of Tris buffer (pH 8.0) containing PSA was 510" N & T/’ﬂ
poured. The dependence of the drain current on the PSA i:/ P-te 0
concentration was measured. § 6107 [ ,/

Figure 2 shows the drain current-top gate voltage curves § } //
of biosensors onto which the Tris buffer was poured. Back-gate 10 4
voltage was controlled, and at a drain voltage of +1 V, a top gate 5107

. . 0 02 04 06 08 1
voltage of +1 V, a drain current was same for three biosensors. The

Top-gate voltage (V)
transconductance, G,,, became larger as the thickness of the

. . . Figure 2. Drain current-Top gate
insulator became thinner. This suggests that the CNT-FET
. . . . voltage curves of the CNT-FET
biosensor becomes more sensitive as the thickness of the msulator

. . i . . biosensors.
becomes thinner. The results of the biosensing will be discussed at
the presentation.
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FET Properties of Exohedrally Modified SWCNTs
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* PRESTO, Japan Science and Technology Agency, Saitama, Japan
> Department of Chemistry, Graduate School of Science, Tohoku University, Sendai, Japan

Abstract: Semiconducting single-walled carbon nanotubes (SWCNTSs) are promising as
electronic materials for nano-scale devices in the future, and the electronic properties of
SWCNTs are of significantly fundamental and practical interests. It is well known that the
field effect transistors (FETs) fabricated by semiconducting SWCNTs show high performance
in terms of the mobility. However, it is also known that some serious problems in CNTs-FETs
exist, such as control in the carriers, atmospheric effects, and so on. Semiconducting CNTs
have both holes and electrons as carrier, therefore, CNTs-FETs usually exhibit ambipolar
charge transport. For applying CNTs to electronic device materials, it is necessary to control
the carriers. A carrier doping could exohedrally be possible when the SWCNTSs surface is
chemically modified. With such chemical modifications, the charge transfer from the
exohedral functional groups to SWCNTs will be expected, and this could modify the
electronic states of SWCNTs. We have reported the FET properties of SWCNTs exohedrally
modified by organic molecule chemisorption, and demonstrated that ambipolar character can
be converted to n-type ones[1]. However, because of ununiformity of the surface modification
of SWCNTs, the confirmation of charge transfer from the exohedral functional groups to
SWCNTs is extremely difficult. In this study, we will report the FET properties of SWCNTs
exohedrally modified by Si-containing organic molecules. We wused the organic
molecule-physisorbed SWCNTs to make clear the effect of exohedrally modification, and it
was shown that an n-type character can be enhanced by physisorption also in a similar manner
to the chemisorbed ones. We will also discuss the possibility of charge transfer by using
spectroscopic methods.

[1] R. Kumashiro et al,. J. Phys. Chem. Solids, in press.
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Atomic structures of graphene adatom and its aggregation

Tomofumi HashiCO and Mineo Saito

Graduate School of Natural Science and Technology, Kanazawa University, Kakuma,
Kanazawa 920-1192, Japan

Graphenes as well as carbon nanotubes recently attract much attention since
they are candidates for nano device materials. For achieving nano devices, control
of defects is very important as in the case of silicon technology. However,
understanding of even fundamental defects such as vacancies and adatoms is still
insufficient. In this study, we study atomic structures and energetics of graphene
adatom and its aggregation by performing first principles calculations.

The most stable site of adatom is found to be situated on the
bond center of graphene sheet. The diffusion barrier is
estimated to be very small (0.33 eV), which is consistent with

experimental results that interstitial defects in graphite .mﬁﬁﬁﬁﬁ?ﬁ
et b
diffuses at temperatures lower the room temperature. As for Fig 1
the dimer of adatoms, two pentagons are formed, so this
configuration is very stable (Fig. 1). The energy of the dissociation of the dimer
into two adatoms is very large (5.5 eV), indicating that this dimer is very stable.
Therefore this dimer is expected to be experimentally detected under some
experimental conditions. We find that a line defect in which dimers are arranged in
a straight line is found to be more stable than the isolated dimer. This line defect in
carbon nanotube are found to be ferromagnetic and is thus useful[1]. To clarify
whether this line defect is spontaneously formed by aggregation of adatoms as a
result of diffusion of adatoms, we determine stable atomic structures of tetramers.
The two dimers arranged in a straight line is very stable but we find that another
structure of the tetramer is more stable. Therefore we conclude that the line defect
is not formed by thermal diffusion, thus another approach is necessary to form the
line defect.

[1] S. Okada et al., Phys. Rev. B 74, 121412(R) (2006).
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Environmental effect on excitons of single wall carbon nanotubes
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In this paper, we show the diameter dependence of the dielectric constant of single wall
carbon nanotubes (SWNTs). The optical transition energies of SWNTs are calculated by
solving the Bethe-Salpeter equation in which the one particle energies are given by the
extended tight-binding method [1]. As for the surrounding materials of a SWNT, we
express the environmental effect on the exciton binding energy by a dielectric constant.
In previous paper we used the static dielectric constant (the value is 2.22) in the
calculation to reproduce the experimental values of the Raman Ej; or photoluminescence
E;; for SWNT bundle samples [1,2]. For other samples, we need to consider a correction
to the environmental effects. To reproduce and evaluate the experimental results, we use
the dielectric constant as a linear combination of the screening of nanotubes itself and
the surrounding material [3] and adjust the value of dielectric constant. From our
calculation the dielectric constant is a function of the diameter and E; of SWNT. The
calculated results are compared with several experimental results. We also discuss the

dependence of the exciton size of the dielectric constant and the diameter of SWNT.

References:

[1]J. Jiang et al., Phys. Rev. B 75, 035407 (2007).

[2] K. Sato et al., Phys. Rev. B 76, 195446 (2007).

[3]Y. Miyauchi et al., Chem. Phys. Lett. 442, 394 (2007).
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Spectroscopically probed doping processes in semiconducting
single-wall carbon nanotubes selectively isolated using polyfluorene
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Absorption (Abs) and photoluminescence (PL) spectroscopy have become indispensable
means to probe electronic states of single-wall carbon nanotubes (SWNTs). These spectra,
however, have been obscured by a large number of poorly resolved peaks and the
considerable background signal even after dispersion using various dispersants, hampering
detailed spectral analysis. Very recently, it is shown that the use of polyfluorene (PFO) as a
dispersant dissolved in toluene results in the selective isolation and extraction of
semiconducting SWNTs (s-SWNTs), leaving very little trace of metallic SWNTs [1, 2].
Remarkably, only s-SWNTs with large chiral angles (near-armchair tubes) are selectively
isolated. Moreover, the absorption background supposedly ascribed to carbonaceous
impurities and/or n-plasmon has been considerably suppressed. Thus simplified spectral shape
has expanded the applicability of optical spectroscopy for the study of various phenomena
mmvolving a change in electronic states of SWNTs. Here we report preliminary results of
spectroscopic monitoring of doping processes in selectively isolated s-SWNT.

Figures 1 and 2, respectively, show changes in Abs and PL spectra induce by the addition of
tetrafluorotetracyanoquinodimethane (TCNQF,), a p-dopant, into a HiPco/PFO/toluene
solution. It is remarkable that isosbestic points are clearly observed with the increase in
TCNQF, concentration. The decrease in PL induced by doping is much larger than that in Abs,
implying that the underlying mechanisms are different. These and other implications of the
observed spectral changes will be discussed in the presentation.
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Fig.2 Change in PL spectra of a HiPco/PFO/toluene
solution with an increase in TCNQF, concentration
from 0 to 150pg/mL. A, = 660nm.

Wavelength / nm

Fig.1 Change in Abs spectra of a HiPco/PFO/toluene
solution with an increase in TCNQF, concentration
from O to 150pg/mL.

[1] Nish et al., Nature Nanotechnology 2, 640 (2007). [2] Chen et al., Nano Lett. 7, 3013 (2007).
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Response of Carbon Nanotube Field Effect Transistors to Vibrating Gate
Using Scanning Gate Microscopy
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Combination of carbon nanotube field effect transistor (CNT-FET) sensors and
nano-clectromechanical systems is expected to be a novel functional force sensing device.
Scanning gate microscopy (SGM) is a powerful technique for measuring local electronic
properties of these devices because applied voltage cantilever tip acts as a nanoscale local
gate. In this report, we have investigated the response of CNT-FET to vibrating gate using a
SGM local gate.

We fabricated CNT-FET through conventional photolithography process. The SWNTs were
synthesized by low pressure alcohol chemical vapor deposition (ACCVD) method. We
performed SGM measurement with non-contact mode at room temperature in air. Lock in
amplifier was used here to detect the modulated current signal induced by the cantilever
vibration with the amplitude less than 50 nm and the resonant frequency of ~70 kHz (Fig. 1).
Topographic image and modulated current image were taken simultaneously.

Figure 2(a) and 2(b) show the topographic and modulated current image induced by the
gate vibration with the gate voltage of -1 V, where top and bottom of the images correspond to
the source and drain electrodes, respectively. Under this condition, the deep modulation with
2nA was achieved near the source electrodes. This is due to the modulation of the Schottky
barrier induced by the gated cantilever vibration. On the contrary, in the cases of the gate
voltages of 0 and 1 V, we could not observe clear modulated current images.

In this way, we have succeeded in the detection of the cantilever vibration with the
amplitude less than 50 nm and the frequency of 70 kHz using the CNT-FET.

Acknowledgement: We would like to thank Prof. Matsumoto’s group in Osaka Univ. for
advice for fabricating CNT-FET.
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Fig.1 schematic image of circuit

Fig.2 (a) topography and (b) modulated current image.
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Third-order nonlinear optical properties and phase relaxation time in
single-walled carbon nanotubes
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Phase relaxation time is one of important parameters which govern not only homogeneous

line width but also coherent optical phenomena and nonlinear optical properties. In this study,

we have measured third-order nonlinear optical properties and phase relaxation time of

carbon nanotubes
(SWNTs) by Z-scan and two-beam degenerate
four-wave mixing (DFWM) [1] methods.

SWNTs (purified HiPco and laser-ablation (LA)
tubes) were dispersed in D,O with deoxycholic acid.

semiconducting  single-walled

Figurel shows the diameter dependence of figure of
merit Im x )/ . The absolute value increases with
tube both

Comparing the same diameter, [Im ®) o | measured

increasing diameter for samples.
in HiPco sample is smaller than that in LA sample.
These results suggest that the value of Imx %/«
depends on the population (77) and phase relaxation
(T7) times. Figure 2 shows the time evolutions of
DFWM signals for k3 (=2ki-k;) and k4 (=2k,-k))
directions, where k; and k; are the wave vectors of
incident excitation beams. Both signals shift from
t© ¢=0 because of 7,. Assuming inhomogeneous
broadening, the estimated 7, value is 200 fs which is
a good agreement with the homogeneous width
measured by single SWNT PL measurements[2].
References

[11 T. Yajima et al., J. phys. Soc. Jpn. 47, 1620 (1979).

[2] T. Inoue, K. Matsuda et al., Phys. Rev. B 73, 233401 (2006).
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Multi-backgate control of carbon nanotube double quantum dot

Tomoyuki Mizuno', Hideyuki Maki®, Satoru Suzuki®, Yoshihiro Kobayashi®,

and Tetsuya Sato’

! Department of Integrated Design Engineering, Faculty of Science and Technology,
Keio University, Hiyoshi, Yokohama 223-8522, Japan
’Department of Applied Physics and Physico-Informatics, Faculty of Science and Technology,
Keio University, Hiyoshi, Yokohama 223-8522, Japan
SNTT Basic Research Laboratories, Nippon Telegraph and Telephone Corporation,
Morinosato-Wakamiya, Atsugi 243-0198, Japan

Single walled carbon nanotubes (SWNTs) behave as a
quantum dot at low temperatures because of their extremely
small diameter of the order of 1 nm. SWNT double quantum
dot devices have also been demonstrated [1-4]. In these reports,
the devices with multi-topgate structure were fabricated.
However, SWNTs in the topgate devices are surrounded by the
insulator; therefore, it is difficult to position-selectively create
defects, which act as the tunnel barriers, after device
fabrication. In this study, we have fabricated the multi-gate
device with the back gate structure, in which SWNTs are not
surrounded by the insulator. The electronic transport properties
of these devices are investigated at low temperature.

Figure 1 shows the schematic side view of the SWNT
double quantum dot device. SWNTs were grown by chemical
vapor deposition (CVD) method using ethanol on the SiO;
layer and two Mo gate electrodes (G1 and G2). SWNTs are
contacted with Pd electrodes. Gate voltage can be applied to
the SWNT through G1, G2 and the Si substrate (BG).

Figure 2 shows experimental charge stability diagrams at
1.7 K for the series double quantum dot at the drain voltage
Vas of 1 mV. In this measurement, three gates (G1, G2 and
BG) were used; however, the voltages of G1 and BG were
the same. The “honeycomb” shaped array, which indicates the
formation of the coupled quantum dots, is observed. Each cell
of the honeycomb corresponds to a well-defined electron
configuration for the double dot. The smeared shape of the

G1 G2 insulator

source drain

view of the
device with

Schematic
fabricated back-gate
multi-gates (G1, G2 and BG).

Fig. 1.

BG and G1 (mV)

200 -100 0 100 200
G2 (mV)
Fig. 2. Experimental charge stability

diagram for the series double quantum
dot as a function of gate voltages.

honeycomb indicates that the two quantum dots are strongly coupled [1,4]. From the
dimensions of a single cell (AVy and AV, as illustrated in Figure. 2), the estimated gate

capacitances of Cy; and Cy are 8.9 aF and 1.1 aF, respectively.

[1]N. Mason, M.J.Biercuk, C. M. Marcus,. Science, 303, 655, (2004).
[2] M. R. Graber,. et al., Phys Rev B., 74, 075427, (2006).

[3] H. I. Jorgensen,. et al., Appl. Phys. Lett., 89, 232113, (2006).

[4] Sami Sapmaz, et al., Nano Lett., 6, 1350, (2006).
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Design of Si Nanotube: New Multi-shalle Nanotubes
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Ever since the discovery of nanometer scale tubes of carbon (carbon nanotubes: CNT),
much effort has been done to synthesize and design the nano-scale tubular structures
consisting of the other chemical elements. Indeed, similar tubular structures with
hexagonal network consisting of boron and nitrogen atoms have been experimentally
synthesized. The electronic structures of these tubular structures exhibit different
characteristics to those in the two-dimensional honeycomb lattice due to the different
dimensionality.

In the present work, we explore the possibility of tubular structures of silicon
possessing the hexagonal network as in the case of CNT based on the first-principle
total-energy calculations. In the case of isolated Si nanotubes (SiNT), the SINT with
cylindrical shape studied here are found to be energetically unstable. Large structural
reconstruction takes place on the wall of them to reduce the dangling bond character of
the Si atoms. The result is ascribed to the fact that the Si does not possess the planer
structures under the usual conditions. However, by encapsulating the SiNT into the CNT,
we find that the SiNT keep their cylindrical shape (Fig. 1). The encapsulation results in
the energy gain of about 0.5 eV
per angstrom. By analyzing the
electronic band structures and
charge density of the SiNT
encapsulated in the CNT, we
find that the  substantial
hybridization of 7 states of CNT
and p states of SINT and the
charge transfer from SiNT to
CNT stabilize the new Si-based Structure of SINT@CNT.

tubular structure.

Fig.1: Top and side views of an optimized
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Influence of Diameter on the Raman Spectra of
Multi-Walled Carbon Nanotubes

Hiroyuki Nu*!, Yoshiyuki Sumrvama, Hamazo Nakacawa, and Atsuhiro KUNISHIGE
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Raman spectroscopy is an analytical technique largely used to characterize carbon materials.
Among them, single-walled carbon nanotubes (SWNTs) have been analyzed both theoretically
and experimentally, and the relation between Raman spectra and structure of SWNTs has been
well understood [1]. On the other hand, because of the difficulty of the theoretical analysis
on multi-walled carbon nanotubes (MWNTs), the Raman spectroscopy of MWNTS has not
been well established up to now. For this reason, Raman spectroscopy analysis of MWNTS is
mainly used to estimate the crystalline quality using the D-band to G-band intensity ratio, as
usually applied to graphite materials. In this study, MWNTs with various diameters produced
by Shenzhen Nanotech Port Co., Ltd. have been analyzed with Raman spectroscopy to clarify
the influence of diameter on the Raman Spectra of MWNTSs.

Figure 1 shows the Raman spectra of MWNTSs at 532 nm excitation wavelength. Because
Raman peak positions of MWNTs are particularly sensitive to temperature [2], laser power
was carefully controlled to minimize laser beam heating effects. Figure 2 shows the diameter
dependence of G-band frequencies derived
from curve fitting. For the curve fitting, we have
used Lorentzian or Breit-Wigner-Fano (BWF)

functions for D-band, G-band, and G’-band [3]. - Mmzﬁm ]
Data indicate that G-band frequencies increase WM 40-60m
et pintith ]
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Resonance Raman spectroscopy of metallic and semiconducting
single-wall carbon nanotubes
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IDepartment of Physics, Tokyo Metropolitan University, 1-1 Minami~-Osawa, Hachioyji,
Tokyo 192-0397, Japan
ZNanotechnology Research Institute, AIST, 1-1-1 Higashi, Tsukuba 305-8562, Japan
’JST-CREST, Kawaguchi 330-0012, Japan

We have measured the resonance Raman spectra of high-purity metallic and
semiconducting single-wall carbon nanotubes (SWCNTs) and found a large difference
in the Raman frequency of D- and G’- modes. This result strongly suggests an essential
difference in the physical properties of them.

In the Raman spectra of SWCNTSs, it is known that the disorder-induced mode (D
mode) shifts to higher frequency with increasing the laser excitation energy. This
behavior can be understood by the double resonance model which is concerning with
the electronic band structure and also the phonon dispersion relation.[1,2] In this work,
we have measured the D and G’ modes for the metallic and the semiconducting
SWCNTs varying laser energy from 1.7 to 2.7 eV. The metallic and semiconducting
SWCNTs were separated using the density-gradient method [3-5]. In Fig. 1, the D mode
frequency was plotted as a function of the laser energy. The slope of fitted line for the
semiconducting SWCNT was 60 cm'/eV while that of the metallic SWCNTs was only
35 cm''/eV. Interestingly, the two lines are crossing at 2.1 ¢V that just corresponds to the
M, absorption peak. (See Fig. 2) Similar behaviors were also observed in the G” mode
and the other high-frequency mode. We will show the detailed analysis by double
resonance model and discuss the difference between metallic and semiconducting
SWCNTs.

o T T T T T T 1
g | Semiconducting S
— ‘ fomm
© 1350 |-1200+60 cm'/eV. % Jo - o
® ~
) I ~a * .
£ e G
a T
& 2
G ~*" Metallic ] 8
c ,/ o 0
§ 1300 [ .¢? 1256+35 cmY/eV/] <
T PR BTN ORI RO B S
® 16 18 2 22 24 26 2.8 05 1 15 2 25 3 35
Excitation enrgy (eV) Photon energy (eV)

Fig. 1. D mode frequency of metallic ~ Fig. 2. Optical absorption spectra of thin
and semiconducting SWCNTs plotted  films of metallic (solid line) and
as a function of laser energy. semiconducting (dashed line) SWCNTs.
References: [1] C. Thomsen et al., Phys. Rev. Lett., 85, 5214 (2000), [2] R. Saito et al., Phys. Rev. Lett.,
88, 027401 (2002), [3] M. S. Arnold et al., Nat. Nanotechnol. 1, 60 (2006), [4] K. Yanagi et al., submitted.
[5] Y. Miyata et al., J. Phys. Chem. C, accepted.
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Chemical Derivatization of La@Cs, and La,@Cg,
with Phenylchlorodiazirine
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Japan * Department of Chemistry, University of Prince Edward Island, Prince Edward Island
C1A4P34, Canada’ Institute for Molecular Science, Aichi 444-8585, Japan

A chemical derivatization of endohedral metallofullerenes adds new physical and
chemical properties to the corresponding metallofullerenes. The structural determination of
the functionalized endohedral metallofullerenes is also an important subject, since this can
provide useful information for application in material science and biochemistry. Recently, we
reported that endohedral metallofullerenes react with adamantylidene carbene (Ad:) to afford
the monoadducts regioselectively, La@Cs(Ad)", Lax@Cs(Ad)?, SciC2@Cso(Ad)*.
Theoretical calculation also suggests that the regioselectivity on carbene addition may be due
to the charge density and the local strain of the cage carbons.

Phenylchlorodiazirine has been known to afford phenylchlorocarbene (:CPhCl) upon
photoirradiation.'”! We carried for the first time the reaction of La@Cs and La:@Csowith that
diazirine and obtained the monoadducts as phenylchlorocarbene derivative. Spectral analysis
suggests that La@Cs:(CPhCl) may be a mixture of two inseparable diastereomers having a
same addition position of carbene. Meanwhile, the regioselective addition took place to afford
La,@Cso(CPhCI).

La,@Cg(CPhCI)

References: [1] (a) Maeda, Y. et al. J. Am. Chem. Soc. 2004, 126, 6858-6859. (b) Matsunaga, Y. et al. ITE Leit.
2006, 7, 43-49. [2] Cao, B. et al. J. Am. Chem. Soc. in press. [3] liduka, Y. et al. Angew. Chem. Int. Ed. 2007, 46,
5562-5564. [4] Chemistry of Diazirines; Liu, M. T. H., Ed., Florida, 1987; Vols 1 & 2.
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[2+1] Cycloaddition of Nitrene onto [60]fullerene: Interconversion
between an Aziridinofullerene and an Azafulleroid
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In the chemistry of fullerene, the functionalization of fullerenes is one of the most
interesting themes regarding to the development of new nanomaterials with the unique properties.
Azafulleroids and aziridinofullerenes, including aza-bridged structures, are such examples of
modified fullerenes, which are obtained by 1,3-dipolar [3+2] cycloaddition manner of organic
azides with crucial problems for toxicity and explosibility.' Thus, new useful methods for the
preparation of them are expected.

In the course of our study on the development of synthetic methodology for aziridination
of [60]fullerene, we carried out the photoreaction of [60]fullerene with sulfilimines. A nitrene
generated by photochemical cleavage of the S-N linkage in sulfilimines easily reacted with
[60]fullerene to afford the corresponding three-membered aziridinofullerene, exclusively. We also
found that aziridinofullerene (1) rearranged thermally to azafulleroid (2) in high yield, with the
fact that 2 rearranges 1 photochemically.” Here we report the regioselective aziridination of
[60]fullerene and the reversible interconversion between 1 and 2. The structures of both adducts
were successfully determined by single-crystal X-ray analyses.

A (180°C) in ODCB
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References:
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We have reported efficient synthesis of lithium endohedral fullerene (Li@Cg) by
supplying low energy Li ions together with Cg molecules on a metal substrate (plasma
shower method) and extraction Li@Cg by precipitation in a solvent [1-2].

HPLC (high performance liquid chromatography) has applied to purify endohedral
fullerenes including endohedral [60]fullerene [3—5]. The eluent of aniline was chosen for
the purification of both Er@Ceo[3] and Eu@Ce[4] using a Buckyclutcher-I column. We
have tried to apply HPLC purification of Li@Cg. The poster shows some of experimental
results for HPLC purification of Li endohedral [60]fullerene.

1-chloronaphtalene was chosen as extraction solvent and HPLC eluent as a most
soluble solvent of the product by the plasma shower method. The chromatogram of the
HPLC extract shows two peaks (Fig. 1). The latter peak (peak 2) was assigned as the
original fullerene of Cgo.  On the other hand, the LDI-TOF mass spectrum of the former peak
(peak 1) showed mostly single ion peak of Li@Cso (m/z = 727). However, monomolecular
of Li@Cso was not separated by repetition of the HPLC purification. These results suggest
that the interaction between Li@Cgp and Cqp is considerably strong and they form a nano-size
cluster in the solution.
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Fig. 1 A chromatogram of extract using a ODS column (0.2mL/min, 391 nm UV detection).
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Electron Transport Properties of Sc,C,@Cs4 Using the Encapsulated
S¢,C; Moiety as an Electric lead, First-Principle Study
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Fullerene and its related compounds are active components to establish molecular
electronic devices. Endohedral metallo-fullerenes are expected to have distinctive
characters of the electron transport properties because of the unique electronic structure
of the inside of the carbon shell. In this study, we analyzed the electron transport
properties of Sc,Co@Cg4, which has encapsulated Sc,C; moiety in the Cgs cage, by
first-principle calculations.

The model systems to analyze are illustrated in Fig. 1 where a Sc;Co@Csy is
locating between two infinite gold electrodes.  Two configurations of the C; residue
sandwiched by two Sc atoms were analyzed to evaluate the effect of the free movement
of the C, residue[1].  All of the analyses were performed by Atomistix ToolKit [2-3]
which implements nonequilibrium Green’s function’s (NEGF) technique and density
functional theory to calculate electron transport properties of the molecular device.

Fig. 2 shows calculated transmission spectra of two configurations of the C, residue,
indicating the transmission spectrum is significantly decreased after the rotation of the C,
residue, in spite of the energy change by the rotation is trivial. The origin of the fall of
the transmission around 0.4 eV could be realized by calculating the transmission
eigenstate[4], which provide a direct picture of the electronic states that contribute to the
transmission. The contour plot of transmission eigenestate (in Fig. 1(a)) at 0.42 eV
before C, rotation clearly indicates that the back donation like electronic structure
between n* like orbital in the C, residue and d-orbital of Sc atoms are important for the
transmission. It could be estimated that the formation of the complex between the C;
residue and Sc atoms were broken by the movement of the C, residue and it caused of the

se of the transmission.  The detail analyses will be discussed in the presentation.
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Fig. 1 (a) Schematic and (b) graphical plots of Sc,C,@Css molecular Fig. 2 Transmission spectra of gczCz@Cm molecular
device. The contour plot in (a) describes a transmission eigenstate at device, before rotation of the C; residue (black line)
0.42(eV) before the rotation of the C; residue. and after rotation (gray line)
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In 1996, Weidinger and co-workers reported the first synthesis and characterization of
N@C,." The nitrogen atom encapsulated in Cy, is neutral and locates at the center of the
cage without the chemical bonding to the cage. EPR and ENDOR spectra show that the
nitrogen atom keeps the atomic ground-state configuration (three electrons in the 2p
shell, *S;,,).>* The complete decoupling of the endohedral spin from the cage causes the
exceptionally long spin dechoherence time, even at room temperature in the solid state.
Based on these specific properties, N@Cg, has been proposed as the building blocks for
logical gates in quantum computing devices.*” However, despite the attractive material,
N@Cq, has not yet been fully investigated because of the difficulties in preparation and
purification of a large amount of the material.*’

We herein report HPLC purification and photophysical properties of N@Cg,. The
multi-step recycling HPLC leads to 100% pure N@C,, from a crude mixture consisting
mostly of empty Cg,. The properties of N@C,, have been investigated through "C NMR
spectroscopy, U V-visible absorption spectroscopy ant triplet state kinetics by laser flash
photolysis experiments.

References:

(1) Almeida, T. M.; Pawlik, Th.; Weidinger, A.; Hohne, M.; Alcala, R.; Spaeth, J.-M.
Phys. Rev. Lett. 1996, 77, 1075.

(2) Pietzak, B.; Waiblinger, M.; Almeida, T. M.; Weidinger, A.; Hohne, M.; Dietel,
E.; Hirsch, A. Chem. Phys. Lett. 1997, 279, 259.

(3) Weidinger, A.; Waiblinger, M.; Pietzak, B. Murphy, T. A. Appl. Phys. A 1998, 66,
287.

(4) Harneit, W. Phys. Rev. A 2002, 65, 032322.

(5) Harneit, W.; Huebener, K.; Naydenov, B.; Schaefer, S.; Scheloske, M. Phys. Stat.
Sol. 2007, 244, 3879.

(6) Jakes, P.; Dinse, K.-P.; Meyer, C. Harneit, W.; Weidinger, A. Phys. Chem. Chem.
Phys. 2003, 5, 4080.

(7) Kanai, M.; Porfyraks, K.; Briggs, G. A. D.; Dennis, T. J. S. Chem. Comm. 2004,
210.

Corresponding Author: Takeshi Akasaka
E-mail: akasaka@tara.tsukuba.ac.jp
Tel&Fax: +81-29-853-6409

-135-



2P-36
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Many works related to the properties of a nitrogen atom encapsulated fullerene Ceo
(N@Cegp) are reported [1, 2], but the synthesis of N@Cg with high yield and high purity has
not yet been realized. Although N@Cs, has been produced by several plasma methods, the
purity of N@Cs is extremely low (N@Cg0/Ceo = 10” - 107 %). The purpose of this research
1s to elucidate a formation mechanism of N@Cgo in order to improve the purity. We reported
that the high purity of 0.02 - 0.05 % was achieved using an electron beam superimposed RF
discharge plasma and that it was yielded by increasing atomic nitrogen species density in the
nitrogen plasma [3].

The schematic of experimental apparatus is shown in Ref.4. The nitrogen plasma is
generated by applying an RF power with a frequency of 13.56 MHz to a spiral-shaped RF
antenna and controlled by the applied RF power Pgg, a nitrogen gas pressure Py, a substrate
potential Vs, and a potential ¥, of a mesh grid (20 meshes/cm), which is set up in the area
between the RF antenna and the substrate. The upper side and lower side of the grid are
defined as “plasma production area” and “process area”, respectively. The plasma potentials
in the two areas are controlled by Vg, and a potential difference is formed between the areas.
The potential difference produces an eclectron beam from the plasma production area to the
process area and the electron beam dissociates nitrogen molecules. Cep is sublimated from an
oven and deposited on the water-cooled cylindrical substrate. The nitrogen plasma is
continuously irradiated to Cg on the substrate. The Cg compound including N@Ceo
deposited on the substrate is analyzed by electron spin resonance (ESR) and UV-vis
absorption spectroscopy to calculate the

purity (N@Cﬁo/c60). 041
Figure 1 shows a dependence of the & 0.08- PS °

purity of N@Ceo on Prg. It is found that the r.5°° 0.06L )
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electron beam enhances the production of Fig. 1: Dependence of the purity of N@Ceo
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resulting in the improvement of the purity.
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Yoshiyuki Miyamoto' O, Hong Zhang®

"Nano Electronics Research Labs., NEC, 34 Miyukigaoka, Tsukuba 305-8501, Japan,
School of Physical Science and Technology, Sichuan Uni., Chengdu, 610065, PRC

Abstract: In this paper, we propose a possibility of detecting single-atomic layer of
graphene by using high-speed highly charged Ar ion. We have applied the molecular
dynamics simulation [1] coupled with the time-dependent density functional theory [2]
for an Ar’" ion which is passing through a graphene sheet with high kinetic energies.
When the kinetic energy of the Ar’™ ion reached 500 KeV at the moment of passing

through a graphene sheet,
electronic  excitation  occurs
inside Ar’" ion in addition to the
charge transfer. Because of the
excitation, the penetrated Ar ion
can emit lights in an energy
range from extreme violet to soft

X-ray which was also reported

similar  experiment using a 0.617fs 1.0531s 1.4161s 1.634fs 1.8511s 2141 fs

carbon foil [3].

According to the charge density Fig | Charge contour map of Ar7+ passing through

profile around Ar ion (Fig. 1), the 4 graphene sheet.

oscillation of electron cloud can

bee seen after passing through a graphene sheet. This picture suggests the intra-ion

excitation. This work is supported by the Next Generation Supercomputer Project of the

Ministry of Education, Culture, Sports, Science and Technology (MEXT) Japan.
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Effect of heat-treatment temperature on
preparation of carbonized ferritin

Masato Tominaga, OKatsuya Miyahara, Kota Nakao, and Isao Taniguchi

Graduate School of Science and Technology, Kumamoto University,
Kumamoto 860-8555, Japan

Ferritin is an iron storage protein, which is consisted of protein shell and ferrihydrite
phosphate nanoparticle. The inner and outer diameters of protein shell are ca. 8§ and 12 nm,
respectively. This protein is a potential candidate for protein engineering of nanomaterial
synthesis. In this study, carbonization ferritin was prepared by heat-treatment under a
hydrogen gas atmosphere.

Ferritin was immobilized onto 3-aminopropyltrimethoxysilane-modified silicon surface
(3-APMS/Si). Carbonized ferritin was prepared by heat-treatment for ferritin on 3-APMS/Si
at 200, 400 and 600 “C for 60 min under H, gas. .

After heat-treatment at 400 and 600 °C, the treated ferritin showed graphite structure by
Raman spectroscopic measurements. The results indicated that protein shell was carbonized
well. On the other hand, after heat-treatment at 200 “C, graphite structure was not confirmed.
Fig. 1 shows tapping-mode AFM image of carbonized ferritin at 400 °C. The size of each
carbonization ferritin was evaluated to be approximately 5 nm in diameter, which was similar
size to the ferritin core size. Fig. 2 shows XPS spectra of ferritin after heat-treatment at
400 “C. The XPS spectrum for heat-treatment under air gave an iron oxide peak around 711
eV. On the other hand, heat-treatment under H; gas did not give any peak corresponding to
iron species. The result suggests that ferritin core was covered with the carbon film derived

from protein shell.
Fe(2p)
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Fig. 1 Tapping-mode AFM image of ferritin after Fig. 2 XPS spectra in the Fe (2p) of ferritin after
heat-treatment at 400 °C for 60 min under H, gas. heat-treatment at 400 “C for 60 min under (a) air
and (b) H; gas.
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Chlorine-End-Capped Polyyne: Formation and Characterization
OYoriko Wada and Tomonari Wakabayashi

Department of Chemistry, Kinki University, Higashi-Osaka 577-8502, Japan

We performed laser ablation of graphite particles in organic solvents composed of carbon
and chlorine, e.g., tetrachloroethylene, and analyzed soluble molecules by high performance
liquid chromatography. Among many kinds of molecules thus produced then detected by their
uv absorption spectra, we found one exhibiting absorption spectra typical for linear-polyyne
species. Figure 1 shows uv/vis absorption spectra of the molecule in hexane at room
temperature. The observation of a single electronic transition, a band peaking at 445 nm
which is accompanied by a few peaks due to a vibrational progression, is compatible with the
characteristic features commonly observed for polyynes: a single dipole-allowed electronic
transition of m-n* character (¢f. in the uv region of 227-316 nm for HC,,H of n=4-8 in
hexane) with a single vibrational progression for one of the stretching modes of the sp-carbon
chain (¢f. ~2000 cm™ for HC,,H). The similarity in overall appearance in the absorption
spectra indicates that the carrier of the absorption features in Fig. 1 is a symmetric polyyne,
XC,,X. Concerning the energy levels, however, some quantitative differences are noticeable.
The transition energy (~2.8 eV) and the vibrational frequency (~1500 cm™) are distinctly
lower than those for HC,,H. If we assume the substituents, X, being Cl atoms, the differences
would be understood in terms of an electron-induction effect due to the end-capping chlorine

atoms, by which the electronic structure and the potential curve thus its vibrational frequency
should be modified.
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Figure 1. Absorption spectra of molecules isolated from laser-ablated graphite in
tetrachloroethylene (measurement performed in hexane at room temperature).
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Resonance Effects in the Raman Spectra of Polyynes
(OYohei Ami and Tomonari Wakabayashi

Department of Chemistry, Kinki University, Higashi-Osaka 577-8502, Japan

Raman spectroscopy is a powerful tool for the study of vibrational as well as electronic
properties of molecules and solids, including fullerenes and nanotubes. Conjugated linear
carbon molecules, polyynes, are also characterized by Raman spectroscopy [1,2]. The
resonance enhancement of the Raman scattering intensity is advantageous for detection and
useful for understanding of the spectral features. We here present theoretical analysis of the
Raman scattering intensity for a selected polyyne, CioHy [2]. Our study includes 1)
experimental excitation curves of the Raman scattering intensity, 2) theoretical analysis of the
Franck-Condon overlaps between the excited and the ground states, and 3) a fitting for the
excitation curves in terms of the resonance effects. The analysis for polyyne CioH, provides
us with valuable insights into vibrational as well as electronic properties for polyatomic
molecular systems with a linear symmetry.

Figure 1 shows typical Raman spectra of CyH, in hexane. The band at 2123 cm™ is
attributed to a single-quantum excitation of the symmetric-stretching vibrational mode, v3og,
of the carbon chain. The Raman scattering intensity for this mode is increased upon resonance
excitation of the dipole-allowed electronic transition, 12u+<—12g+, in the uv. Figure 2 shows the
experimental excitation function of the Raman scattering intensity and the absorption spectra
for comparison. Detailed analysis of the excitation profile will be discussed.

References:

1) H. Tabata, M. Fujii, S. Hayashi, T. Doi, T. Wakabayashi, “Raman and surface-enhanced Raman scattering of
a series of size-separated polyynes”, Carbon 44, 3168-3176 (2006).

2) T. Wakabayashi, H. Tabata, T. Doi, H. Nagayama, K. Okuda, R. Umeda, 1. Hisaki, M. Sonoda, Y. Tobe, T.
Minematsu, K. Hashimoto, S. Hayashi, “Resonance Raman spectra of polyyne molecules CioH, and C,H,”,
Chem. Phys, Lett. 433, 296-300 (2007).
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Figure 1. Resonance Raman spectra of CoH, in Figure 2. Excitation function of the Raman scattering
hexane excited with uv laser pulses at 262 nm. intensity {0), absorption (-), and a fitting curve (...).
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Cyanopolyynes Formed by Laser Ablation of Graphite in Acetonitrile

(OTakaki Haseba, Yoshihiko Kashihara, and Tomonari Wakabayashi

Department of Chemistry, Kinki University, Higashi-Osaka 577-8502, Japan

Since the astronomical observation of ¢yanopolyynes, H(C=C),,C=N, in the late ‘70s [1],
there have been a number of reports on spectroscopic investigations for the linear carbon
molecules both in the laboratory and in space, mostly by rotational spectroscopy in the
radio-frequency ranges. Interests in the optical and electronic properties due to conjugated
n-electron systems have emerged recently, especially after the production by laser ablation.

In this work, we produced milligram quantities of
cyanopolyynes by laser ablation of graphite particles
in acetonitrile. They were separated by using high
performance liquid chromatography (HPLC) and
detected by uv-absorption spectra. For the studies of
the molecular structure and the formation mechanism,
BC-nmr spectra were recorded by using *C-enriched
graphite powders as starting materials.

Figure 1 shows uv absorption spectra of HCoN,

HCyiN, and HC3N in acetonitrile at room temperature.

A rich structure in the spectra is attributed to two
vibrational progressions, one for the dipole-allowed
electronic transition in shorter wavelengths and the
other for the forbidden electronic transition in longer
wavelengths. In contrast to the case for the symmetric
polyynes, e.g., HC;,H or NC,,N, the absorption
intensity for the latter progression relative to the
former one is two orders of magnitude higher for the
asymmetric polyynes of HC,,N.

Reference:
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Dicyanopolyynes Formed by Laser Ablation of Graphite in Liquid Nitrogen

OYoshihiko Kashihara, Takaki Haseba, and Tomonari Wakabayashi

Department of Chemistry, Kinki University, Higashi-Osaka 577-8502, Japan

Dicyanoacetylenes constitute a homologous series
of end-capped linear sp carbon. Hirsch et al. produced
the series of molecules, N=C(C=C),C=N of n=3-8, by
vaporization of graphite under Kritschmer-Huffman
conditions in the presence of cyanogen (CN), and
characterized by uv-absorption and C-nmr spectra [1].
In the present work, we applied laser ablation of
graphite particles in liquids to form dicyanopolyynes. In
acetonitrile, CH3CN, the yield of the molecules was less
than the series of monocyanopolyynes, H(C=C),C=N.
Therefore, for the purpose of increasing the relative
yield of dicyanopolyynes, we performed laser ablation
of graphite particles under hydrogen-free conditions,
1.e., in liquid nitrogen.

Graphite powders were dispersed in liquid nitrogen
and ablated by laser pulses (Nd:YAG 532 nm ~0.2
J/pulse, 10 Hz) for 3 hours. The molecules were
extracted with acetonitrile. After filtration, we got
brown-colored solutions. The chemical species in the
solutions were detected by uv absorption spectra upon
chromatographic separations.

Figure 1 shows uv absorption spectra of
dicyanopolyynes (n=2-6) in acetonitrile. The absorption
wavelengths systematically shift with the molecular
size. The vibrational progression with separations of
~2000 cm™ is characteristic of symmetric stretching
vibration of the sp carbon chain. These molecules found
to be unstable in solutions at room temperatures. For
the study for polymerization, decay curves of the uv
absorption intensity were measured for size-separated
dicyanopolyyne molecules in solution.
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Figure 1. Absorption spectra of
dicyanopolyynes.
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Kinetic study in Diels-Alder reactions of fulleroids and methanofullerenes
with various 1,3-dienes

OYasunori Susami, Hiroshi Kitamura, Ken Kokubo and Takumi Oshima

Division of Applied Chemistry, Graduate School of Engineering, Osaka University
Suita, Osaka 565-0871, Japan

The 1,3-dipolar cycloaddition reaction of various diazoalkanes with Cg is well known to
give the [6,6]closed methanofullerenes 1 and the [5,6]open fulleroids 2 via the nitrogen
evolution from the primary adducts pyrazolines.' Like the pristine Ce, these two types of
fullerene derivatives also exhibit the thermally allowed [:2s + 4] cycloadditions such as
Diels-Alder (DA) reaction.” However, a detailed kinetic study of these fullerene derivatives
with 1,3-dienes has not been hitherto carried out. Hence, in the present work on the DA
reactions of variously substituted 1,3-dienes with 1 and 2 bearing various R and R’
substituents at 30°C in toluene, we have investigated the factors controlling the reactivity in
comparison with the reactions with Cgg.

It was found that the fulleroids 2 were 1.1-165 times more reactive than the
methanofullerenes 1 for all the 1,3-dienes tested. The relative rate constants with respect to
the DA reaction with Cgy were strongly dependent on the steric nature of the 1,3-dienes as
well as the substituents R and R’ at the methano-bridged carbon atom. These steric effects will
be discussed in terms of the difference in the Diels-Alder reaction site of these fullerene
derivatives.

/ Ceo + Dienes a-f —_—

a cyclopentadiene
b 9-methylanthracene
¢ 2-methyl-1,3-pentadiene

a: H a: H H d 2,3-dimethyl-1,3-butadiene
b : Cyclopropyi b: CN H e 1,3-cyclohexadiene

c: Ph c: Ph H f isoprene

d: OMe d: Ph Ph

e: COOMe

f: Cl

g: CN

[1] Suzuki, T.; Khemani, K. C.; Almarsson, O. Science 1991, 254, 1186-1188.
[2] Pang, L. S. K.; Wilson, M. A. J. Phys. Chem. 1993, 97, 6761-6763.
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Evaluation of Antioxidant Activity of Water-Soluble Fullerene Derivatives
and Natural Antioxidants by fCarotene Bleaching Assay

OKyoko Togayal, Tadashi Goto', Ken Kokubo', Hisae Aoshima®, and Takumi Oshima'

'Division of Applied Chemistry, Graduate School of Engineering, Osaka University
Suita, Osaka 565-0871, Japan
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Water-soluble fullerenes are known to behave as potent scavengers for reactive oxygen
species (ROS) in cell cultures and can protect human skin keratinocytes from UV irradiation
and chemical oxidative damage by ters-butyl hydroperoxide [1,2]. Recently, we first evaluated
the antioxidant activity of some water-soluble fullerenes such as j~cyclodextrin-bicapped
[60]fullerene ()~CD/Cg) and polyvinylpyrrolidone-entrapped [60]fullerene (PVP/Cg) by
Scarotene bleaching assay and found the good inhibitory effects on the oxidative
discoloration of J-carotene associated with the spontaneous autoxidation of linoleic acid [3].

In the present study, we investigated the antioxidant activity of water-soluble
[60]fullerene derivatives such as epoxides, methanofullerenes, and fulleroid, in comparison
with some natural antioxidants. We found that the PVP/CgO and PVP/CgO, showed higher
antioxidant activity (%AOA) than PVP/Cgy and some natural antioxidants.

PVP/Cg
PVP/Crq
PVP/Cg0O
PVP/CeoOhn
catechin
isoflavone
coenzyme Qg
quercetin
curcumin
APPS
a-lipoic acid

0 20 40 60 80 100
%A0A

Fig.1 Antioxidant activity (%AOA) of various antioxidants assayed by f-carotene bleaching method.

[1] L. Xiao, H. Takada, K. Maeda, M. Haramoto and N. Miwa, Biomed. Pharmacother. 2005, 59, 351-358.
[2] L. Xiao, H. Takada, X. H. Gan and N. Miwa, Bioorg. Med. Chem. Lett. 2006, 16, 1590-1595.
[3] H. Takada, K. Kokubo, K. Matsubayashi and T. Oshima, Biosci. Biotechnol. Biochem. 2006, 70, 3088-3093.
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Photoelectrochemical Properties of [70]fullerene derivatives on ITO
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Photocurrent conversion system is one of the most important issues and many
efforts have been devoted to create more efficient and useful devices. Fullerene is one of
promising materials for the purpose because of its special electrochemical properties,
such as multiple redox events. Especially, [70]fullerene shows a high performance of
optical and electrochemical properties. Previously, we have reported the synthesis and
characterizations of tri-adducts of fullerenes and their metal complexes.' They show a
long-wavelength absorption (> 650 nm) and reversible multiple redox based on the
fullerene and metal moieties. It should be noted that if these unique materials can be
immobilized on an electrode surface, many intriguing devices should be created.

We will report preparation method of self-assembled monolayers (SAMs) consisting
[70]fullerene derivatives on the indium tin oxide (ITO) electrodes (Fig. 1) and their
photoelectrochemical properties. Furthermore, we will propose a unique application of
these fullerene derivatives.

Fig.1. Image of the film preparation on an indium tin oxide (ITO) electrode

[1] a) E. Nakamura, ef al. J. Mater. Chem. 2002, 12,2109. b) E. Nakamura, ef al. J. Am. Chem. Soc. 2002,
124, 9354.
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Synthesis and Property of Fullerene Cobalt Dithiolene Complexes
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n’-Fullerene metal complexes have been energetically studied in our group and a
variety of organometallic compounds, both half-sandwich type and sandwich type, have been
reported [1]. However, 17°-fullerene cobalt complexes were not reported yet.

This time, we report the synthesis and property of an n’-fullerene cobalt complex 3, a
new class of half-sandwich type fullerene metal complexes. Cobalt dithiolene complexes are
known to have unusual electronic structures, which is comprised of a metallacyclic
conjugation of 6 n-electrons in the 5-membered ring with charge transfer from p-orbital of the
sulfer atom to the d-orbital of the cobalt atom. These unique conjugation systems give
interesting chemical and physical properties, such as redox and absorption properties. In
addition to those unusual electronic structures, the ns -fullerene cobalt complex 3 has a
fullerene moiety, which has an electron-withdrawing character. The m-electron systems
between upper cyclopentadienyl and lower hemispherical substructures are partly overlapped
through an endohedral homoconjugation.

To a solution of KCso(biph)s in THF was added an excess amount of a mixture of I, and
Co(CO)g in THF to give a cobalt dicarbonyl complex 2 in 49% isolated yield. The dicarbonyl
complex 2 was heated at 110 °C with excess amounts of elemental sulfur and an electron
deficient alkyne to afford a cobalt dithiolene complex 3 in 83% isolated yield. The dithiolene
complex 3 was characterized by UV-vis spectrum and cyclic voltammetry.

MeO,C COzMe
: - z
Ar = biphenyl
H
1) KH Sg (excess)
2) [Col(CO)3, MeO,C—==—CO,Me (excess)

THF, 50 °C,15 min toluene, 110 °C, 15 h

{11 (a) M. Sawamura, Y. Kuninobu, M. Toganch, Y. Matsuo, M. Yamanaka, and E. Nakamura, J. Am. Chem.
Soc., 2002, 124, 9354, (b) Y. Matsuo and E. Nakamura, Organometallics, 2003, 22, 2554. (¢) Y. Kuninobu, Y.
Matsuo, M. Toganoh, M. Sawamura, and E. Nakamura, Organometallics, 2004, 23, 3259. (d) Y. Matsuo, A.
Iwashita, and E. Nakamura, Organometallics, 2005, 24, 89. (e) Y. Matsuo, K. Tahara, and E. Nakamura, J. Am.
Chem. Soc., 2006, 128, 7154.
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Hydroarylation of Fullerene with Aromatic Compounds and
Subsequent Friedel-Crafts Acetylation Reaction

OShinya Tochika, Yui Sol, Mai Kato, Ken Kokubo and Takumi Oshima
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Suita, Osaka 565-0871, Japan

Elucidation of the regiochemistry in chemical modification of fullerene and fullerene
derivatives has been one of the most significant subjects from both the mechanistic and the
synthetic viewpoints. In 1991, Olah first reported a multiple hydroarylation of [60]fullerene
catalyzed by AICl; without isolation of any adduct [1]. After 15 years, Nakamura’s and our
groups have independently isolated some these hydroarylation adducts and determined the
structure and regiochemistry [2]. The regioselectively formed mono- or bisarylated adducts
are of quite interest in a further chemical modification. In this study, we investigated the
AlCls-catalyzed Friedel-Crafts acetylation of mono-hydroarylated fullerene adducts.

The reaction of C4y with various aromatic compounds (substituted benzenes, biphenyl,
and naphthalene) in the presence of AICl; was terminated at the appropriate conversion in
order to attain a higher yield of monoadduct. Subsequently, the acetylation of the
pre-introduced aromatic rings with an excess amount of acetyl chloride was carried out to
give the expected products along with some other products depending on the aryl rings. These

results indicated that the fullerene cage behaves as a bulky electron withdrawing substituent.

0
AICl oA AC,
O-C|206H4 O-C|2C6H4
Ar, rt Ar, 60°C

multiple
adducts

Scheme 1. AlCl;-catalyzed Friedel-Crafts fullerenation of naphthalene and subsequent acetylation.

[1] Olah, G. A.; Bucsi, L; Lambert, C.; Aniszfeld, R.; Trivedi, N. J.; Sensharma, D. K.; Prakash, G. K. S. J.
Am. Chem. Soc. 1991, 113, 9387.

[2] (a) Iwashita, A.; Matsuo, Y.; Nakamura, E. Angew. Chem. Int. Ed. 2007, 46, 3513. (b) Tochika, S.; Kato,
M.; Kuang, C.; Kokubo, K.; Oshima, T. The 31* Fullerene-Nanotubes General Symposium 2006, 1P-4.
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Surface Functionalization of Fullerene Bilayer Vesicles and
Study of Water Permeability
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Bilayer membranes made of phospholipids are the fundamental structure in biology
in that the membrane physically holds the biological machinery while keeping permeability to
water at ambient temperature. Permeability of the membrane to water has therefore drawn

much interest of scientists in various fields.
A

W

-3@%059;0*:3 ~TAS* = 1035 kJ/mol
6

-E@OGHZCHztOCHa
7

Free energy

80 °C

I
fullerene & water

Figure 1. (A) A bilayer vesicle made of amphiphilic fullerene 1-7. (B) Thermodynamics and a schematic view of
water permeation through fullerene bilayer made of 1.

In the present study, we found that a fullerene bilayer vesicle formed from
amphiphilic fullerene, PhsCgqK (1), has extremely low permeability to water. The fullerene
bilayer recorded permeability coefficient of 5.43 x 10" m/s (20 °C) which was 10000~100
times smaller than common lipid bilayers. The extremely low permeability originates from
the entropy-controlled process in the water permeation mechanism.'

In addition, the surface of fullerene bilayer vesicles could be functionalized by
introducing substituents on the periphery of the amphiphilic fullerenes (2—7). The study of
water permeability of the fullerene membranes showed that the water permeability to
fullerene bilayers could be controlled by changing the length of alkyl chains or the polarity of
substituents attached on the vesicle surface.

T Present address: Department of Chemistry, Tohoku University, Aoba-ku, Sendai 980-8578, Japan
Reference: [1] [sobe, H.; Homma, T.; Nakamura, E. Proc. Natl. Acad. Sci. U.S.4. 2007, 104, 14895-14898.
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Singlet Oxygen Generation Efficiencies of Water-Soluble Fullerenes and
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Fullerenes are known to act as very strong photosensitizing agents due to their unique
photophysical properties. For instance, Cg efficiently generate singlet oxygen ('0,) under UV
irradiation because the triplet energy of Cg, locates at about 1.6 eV which is approximately
0.7 €V higher than the 'O, energy. The ability to produce '0, has been responsible for many
biological actions of fullerenes such as DNA-cleavage and cell-toxicity. However, the
quantitative evaluations of the singlet oxygen generation efficiencies of fullerenes have so far
been limited."

In this study, we have solubilized fullerenes into water using gamma—cyclodextrin2 and
poly(vinylpyrrilidone), and estimated their 'O, generation efficiencies by detecting the
near-infrared 'O, emission at ~1275 nm. The obtained emission intensities were directly
compared with those of typical photosensitizers (rose bengal and methylene blue) under the
same experimental conditions. Furthermore, we also investigated the photo-induced
cytotoxicity of the water-soluble fullerenes by WST-1 assay using rat fibroblast cell line

(5RP7). We have compared with the results and assessed consistency of them.

[1] Nagano,T.; Arakane,K.; Ryu,A.; Masunaga,T.; Shinmoto,K.; Mashiko,S.; Hirobe,M. Chem. Pharm. Bull. 42,
2291(1994).
[2] Komatsu,K.; Fjiwara,K.; Murata,Y.; Braum,T; J. Chem. Perkin Trans. 1 2963(1999).
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Synthesis of Fullerene Glycoconjugates
via a Copper-Catalyzed Huisgen Cycloaddition Reaction
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The multivalent display of saccharides is an important principle of molecular
recognition in biological systems, and a number of tailor-made ligands for natural protein
receptors have been synthesized. Among various low molecular weight displays,
glycoconjugates possessing a number of carbohydrate units show promising phenomena of
interaction with some important protein receptors. Here, we report the successful application
of Cu-catalyzed Huisgen cycloaddition to the efficient and quick synthesis of fullerene
glycoconjugates bearing as many as fifteen sugar moicties possessing a Cs symmetric
framework [1].

The synthetic strategy of the five-fold Cu-catalyzed Huisgen cycloaddition approach
is shown in Scheme 1. Penta-alkynyl fullerene 1 was treated with oligosaccharides, which
bear a tether terminated with an azide group, in the presence of copper bromide and
diisopropylethylamine in DMSO at 40 °C for 3 days. The reaction was so clean that the target
molecules 2 were obtained in high yield and purity after washing excess azide and copper
salts away. Compounds 2a and 2b are among the most densely functionalized organic
molecules prepared using Cu-catalyzed Huisgen cycloaddition, and this new methodology

provides a powerful strategy for multivalent saccharide displays.
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Growth characteristics of single-walled carbon nanotubes
at low temperature by low-pressure chemical vapor deposition
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The low-pressure growth'? of single-wall carbon nanotubes (SWNTs) is a key

technology in fabricating SWNT-based nanodevices, such as hybrids devices with a
two- dimensional GaAs/AlGaAs system.”. This is because it is possible to grow them at
temperatures as low as 350 °C in the low-pressure of 0.1- 1 Pa."” In this paper, we report
on the growth characteristic of the growth of SWNTSs by the chemical vapor deposition
(CVD) in the low-pressure of 2 x 10™ Pa using in-situ catalyst deposition.

The low-pressure growth was preformed with the ethanol gas of 2x10 Pa after the
in-situ catalyst deposition (Co,0.1 nm) in ultra-high vacuum (UHV). The detail
processes are described in the reference. Raman spectroscopy with an excitation
wavelength of 514.5 nm was carried out to characterize the grown SWNTs.

Figure 1 shows the Raman spectra of the radial breathing mode (RBM, the left panel)
and the high energy mode (HEM, the right panel) for samples grown at different
temperatures. The growth time was 1000 min for 380 °C and 350 °C, and 3000 min for
340 °C. For 380 °C, it is clearly seen that the there is a peak at 270 cm™ in the RBM
region, and the peak at G-Band (~1590 cm™) splits into two with one at 1550 cm’ (G)
and the other at 1590 cm™ (G"). These observations confirm the growth of SWNTs at
380 °C. For 350 °C, a peak in the RBM was not observed. In HEM, however, the

Diameter (nm) splgting of the G—‘_bland peak was observed at }590
20 10 0.7 si45om cm - and 1560 cm™ . Moreover, the Raman shift at
L s 6+ 1590 em™ was equal to that for 380 °C. These
1 observations confirm also the growth of SWNTs
at 350 °C. For 340 °C, a peak in RBM and the
split in G-band were not observed. It means that
SWNTs growth may not occur at 340 °C.

From these results, it was found that the
. i low-pressure CVD of 2 x 10 Pa with the in-situ
200 300 1300 1500 1700 catalyst deposition in UHV can grow SWNTs at

Raman shift (cm!) the temperature as low as 350 °C.

380 °C

Intensity (arb.units)

Lobduddedodbmbbebebuie

100
Figure 1

References:1) M.Contoro etal., Nano Lett., 6,(2006)1107. 2) T.Shiokawa etal., Jpn.J. Appl.Phys.,
45(2006)L605. 3) T.Tsukamoto et al., J. Appl.Phys. 98, (2005) 076106. 4) H.Yoshida et al., presented at
Ext. Abstr. (The 54 Spring Meeting,JSAP,2007), 27a-ZR-3 (in Japanese).
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carbon nanotubes
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In-situ Raman observation is very useful for investigating the growth mechanism of
single-walled carbon nanotubes (SWCNTs) [1]. At the last meeting, we reported kinetic
analyses of the time evolution of chirality-sensitive radial breathing mode (RBM) signals
observed in in-situ Raman spectra during CVD growth [2]. Using Co-ferritin as a catalyst, we
can rule out the effects of diffusion and aggregation of 1000 ; ; ———e

catalyst nanoparticles on SWCNT growth, which is A, | o sopa
significantly seen for thin film catalyst. In this work, we 800+ A ‘
investigated the growth pressure-dependent behavior of 500 4 |
CVD growth using Co-ferritin catalyst by in-situ Raman - o
spectroscopy and AFM. 2 4004 o

In-situ Raman spectra were obtained with a p-Raman " “oho o A A
system (633-nm excitation wavelength) combined with an 2004 % °.*§ % ° o]
ethanol-CVD system. Co-ferritin catalysts were prepared on 2 AAA ° ¢
a SiO, substrate [3]. The CVD was performed at 720 °C 0100 150 200 250 300 350
under the ethanol gas pressures of 80, 100, and 120 Pa. AFM Raman Shift (cm™)
observation was performed after the CVD growth. Fig. 1 Growth duration 7 for

Figure 1 shows growth duration 7 for each RBM peak, each RBM peak.

obtained by a kinetic analysis of the time evolution of the RBM
intensity in in-situ Raman spectra. It is found that the 7 of
specific RBM peaks for 100 Pa is significantly large. Figure 2
shows diameter distributions of Co catalyst nanoparticles before
CVD and those of active Co catalyst nanoparticles (nanoparticles
with SWCNTs) obtained at different ethanol gas pressures. The
average diameter of active Co catalyst nanoparticles is larger
than that of Co nanoparticles before CVD. For 100 Pa, the Co
catalyst nanoparticles with a diameter of about 3 nm are
effective for SWCNT growth. In addition, longer SWCNTs are
grown from the 3 nm nanoparticles for 100 Pa. These results

(c) 100 Pa

(b) 80 Pa

Frequency (arb. units)

suggest that Co catalyst nanoparticles with a specific diameter

extend the growth duration. This work was partly supported by H (2) Before CVD

JSPS Grant-in Aid for Scientific Research (B). ol

[11S. Chiashi et al., CPL 386 (2004) 89. 0123456738910
. . Nanoparticle Diameter (nm)

[2] T. Uchida et al., 33rd F&NT General Symposium 2007, 1-15. ) ] o

[3] G. -H. Jeong et al., JACS 127 (2005) 8328. Fig. 2 Diameter distributions of (a)

C talyst nanoparticles before
Corresponding Author: Takashi Uchida C%Dcisdys(b- d) aclt)ive Co catalyst

E-mail: uchida@will.brl.ntt.co.jp nanoparticles obtained under ethanol
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respectively.
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Carbon nanotubes (CNTs) were synthesized by chemical vapor deposition (CVD)
using an ethanol gas in ultrahigh vacuum chamber, and the growth process of CNTs was
in-situ investigated by reflection high-energy electron diffraction (RHEED). Cobalt (Co) films
of 1nm thickness were used as catalyst for the growth of CNTs. The films were prepared on a
silicon substrate coated with silica films by high-vacuum electron beam deposition. A base
pressure of 5 x 10 Pa was kept before CVD in order to minimize the effect of the residual
gas on the CNT growth. The substrate was heated at 800 °C in a pressure of 1 x 10> Pa for 2
hours during CVD. The morphology of CNTs was observed by scanning electron microscopy
(SEM).

Figure 1(a) shows an ED pattern from the Co/SiO,/Si substrate before CVD. Figures
1(b) and 1(c) show ED patterns from the substrate after 1 hour CVD and 2 hour CVD,
respectively. Figures 2(a)-2(c) show SEM images corresponding to Figs. 1(a)-1(c). The
as-deposited Co film is composed of Co islands with diameter smaller than 10 nm, as seen in
Fig. 2(a). The Co islands have a face-centered cubic structure, as indexed in Fig.1 (a). After
CVD for 1 hour, Debye rings with d-spacings of ca. 0.2 and 0.3 nm, corresponding to the 10-0
and 00 2 refractions from graphite, appear, as shown in Fig. 1(b). In Fig. 2(b), CNTs with an
average diameter of 8 nm is observed. After CVD for 2 hours, the average diameter of CNTs
increases up to 10 nm, as shown in Fig. 2(¢).

Fig.1 ED patterns taken from the substrate surface (a) as-deposited, (b) after! hour and (c) for 2

hours. The substrate is heated at 800 °C during CVD.

= Hi0nm

Fig.2 (a) -(c) SEM images of corresponding to Figs. 1(a)-1(c), respectively.
Corresponding Author: Hidetoshi Nagatsu
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Carbon Nanotube Growth with Dipped (Fe,Co) Mo Catalysts
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Single-Wall Carbon Nanotubes (SWNTSs) are metals or semiconductors strongly
depending on their diameter and chirality. For applying SWNTs to the nanoscale electronic
devices, the diameter, the alignment and the chirality should be controlled. The diameter
might be determined by the size of the catalysts, and the in-plane alignment was also reported
in growth on sapphire or in “fast-heating” chemical vapor deposition (CVD) process and so
on[1,2]. We propose a novel technique to control the chirality using free electron laser (FEL)
irradiation.

As the first step of the chirality control, carbon nanotubes (CNTs) were grown on
quartz substrates with dipped (Fe, Co) Mo catalysts. The quartz substrates were soaked for
one min in HF solution and then ultrasonically cleaned for 10 min in Semico clean 23
(Furuuchi Chemical Corp.). The substrate was dipped in methanol dissolving Fe and Mo with
the molar ratio of 94:6 using Fe(NOs);* 9H,0 and MoOx(acac),. The dipping speed was 600
unys. Dipped substrate was annealed for five min at 450 °C. The CNTs were grown using
thermal chemical vapor deposition method with C,Hy feeding gas.

From the result of the Raman spectrum, the G- and D- bands were clearly observed
at 1350cm ™ and 1590cm ™', however the radial breathing mode was not confirmed. Figure 1
shows the scanning electron microscopy (SEM) image of the
specimen. Wires with 20 nm in diameter randomly grew all
over on substrate. Those results indicated that the CNTs with
20 nm in diameter were produced. The growth of CNTs with
CoMo catalyst, and growth using alcohol catalytic chemical
vapor deposition(ACCVD) will be discussed.
) References:
(scale: 3 pm) [1] Hiroki Ago et al., Chem. Phys. Lett., 421 (2006) 399.
Fig.1 SEM image

of the specimen

[2] S. M. Huang et al., Nano Lett., 4 (2004) 6.
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using density-gradient ultracentrifugation
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Recently, Arnold et al. have reported a new separation method of metallic and
semiconducting single-wall carbon nanotubes (SWCNTSs) by using a density-gradient
ultracentrifugation.[1] Although they have succeeded high-quality separation of
SWCNTs, no one has tried to separate the double-wall carbon nanotubes (DWCNTS) to
date. Here we report the preliminary results of the separation of DWCNTs. In the case
of SWCNT, the difference in the electronic types of the nanotube wall is thought to
cause the difference in the micelle density in the mixed surfactant system. On the other
hand, the formation of the micelle for DWCNTs is expected to be modified by the inner
shell. One possible modification is the additional sorting by the electronic type of inner
shell and the other possibility is the sorting by the degree of the interaction between
inner and outer shell.

DWCNTs used in this work were synthesized by the ethanol-CVD method by using
Fe/MgO catalysts. After the isolation process, DWCNT dispersion was separated into 9
fractions by the density-gradient ultracentrifugation. The diameter distribution of inner
and outer shell for each fraction was characterized using optical absorption, Raman, and
photoluminescence (PL) spectroscopy.

Figure 1 shows Raman spectra of each fraction and the starting material. Radial
breathing mode peaks observed between 200 and 400 cm™ could be attributed to the
inner CNTs. The spectra clearly indicate that the lower density fraction contains smaller
diameter inner shell. The same

tendency was also confirmed from the

PL spectra. Interestingly, optical

absorption spectra (not shown) show L

that the lower density fraction contains dz\r’1vsity

larger diameter outer shell. This result 1

strongly suggests an additional sorting

by the distance between inner and outer

shell of the DWCNTTs, High
density

References: [1] M.S. Arnold et al. Nat. | Before

Nanotechnol. 1, 60 (2006) e T o sorting

Corresponding Author: H. Kataura 200 250 300 350 400

E-mail: h-kataura@aist.go.ip Raman shift ( cm'1)
Tel: +81-29-861-2551, Fax: +81-29-861-2786 Fig. 1. Raman spectra of the starting
material and each fraction after sorting.
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Rapid growth of single-walled carbon nanotubes (SWNTs) was realized by the
water-assisted growth method [1], and its growth kinetics was supposed as the exponential
decay of the initial growth rate [2]. We reproduced such rapid growth by our combinatorial
catalyst preparation method and proposed a novel mechanism of the growth rate enhancement
by the Al,O; catalyst underlayer [3, 4]. In this study, we show the growth rate and the catalyst
lifetime determined by the in-situ monitoring of growing SWNTs.

The growth condition was 8.0 kPa C,H4, 27 kPa H,, 5.0 Pa H,0, 67 kPa Ar at 1093 K.
Figure 1a shows the nanotubes growing on the combinatorial catalyst library [5] of 0.2-3-nm
Fe on Al,0,/Si0,/Si, and Fig. 1b shows the time profile of the SWNT thickness with 0.5 nm
Fe. The nanotube forest grew up at an initial growth rate of 4.5 um/s, kept growing at that rate
for 6 minutes, and then suddenly stopped growing. Kinetics can be more precisely determined
by this in-situ monitoring method than the conventional batch experiments, because the
catalytic growth of nanotubes is not so reproducible among different experimental runs.

Figure 2 show the effect of temperature (a) and C,Hy4 pressure (b) on the growth rate
and the catalyst lifetime at the Fe thickness of 1.0 nm. Both the higher temperature and C;Hy
pressure caused the higher growth rate. Higher temperature shortened the catalyst lifetime. On
the other hand, the effect of C,Hy4 pressure for the lifetime was not significant. The underlying
mechanism will be discussed considering the reaction both in the gas phase and on the Al,O3
substrate and the structural change of Fe nanoparticles.

1. 740 1200 = 50 1000
w
] (b) Fe 0.5 N, 2.0l@ o 2 £40 (b) o800%
Ll : . = N
St <, 8003 T, . om— olgo0n
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an | £ ® woE E20 o 4005
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Fe thigksruess1/?1m1 " 0 100 2%133 0/420 200600 Temperature / °C ? GH, pressure / kPa
Fig. 1 (a) Photographs of growing CNTs. Fig. 2 Growth rate and lifetime at different
: g
(b) Time profile of the growing CNTs temperatures (a) and C,Hy pressures (b).

[1]1 K. Hata, et al., Science, 306, 1362 (2004). [2] D. N. Futaba, et al., Phys. Rev. Lett, 95, 056104 (2005). [3] S.
Noda, et al., Jpn. J. Appl. Phys., 46, L399 (2007). [4] K. Hasegawa et al., J. Nanosci. Nanotech. in press. [5] S.
Noda et al., Carbon, 44, 1414 (2006).
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Rapid growth of millimeter-thick SWNT forests in a few minutes was realized
by water-assisted ethylene CVD . We previously reproduced such growth using
CoH4/Ho/H,O/Ar reactant gas and Fe/ALO; catalyst, and found an essential role of
Al,O; under layer ™, In this work, we studied the effect of gas phase and substrate
temperatures separately, and found a crucial role of gas phase reaction in forming actual
precursor from ethylene.

Figure 1 shows the experimental apparatus used in this study. The reactant gas
was once heated by flowing through an externally-heated quartz tube, cooled down, and
then fed to a resistively-heated graphite substrate on which the catalyst was supported.
The typical condition was 60 Torr C,Hs/ 200 Torr Hy/ 0.076 Torr HyO/ Ar for the
reactant gas and 1 nm Fe/ 20 nm Al,O; for the catalyst.

Figure 2 shows the side-view images of the graphite substrates after CVD at
800 °C substrate temperature for 10 min. Nanotubes did not grow efficiently at
preheating temperatures of 700 °C or below, but they grew efficiently to millimeter-
thickness at higher preheating temperatures. CHEMKIN simulation showed the
decomposition of C,H4 and formation of C,H, in a residence time of a few seconds.
Then, we mixed 4 Torr C,H, with 169 Torr Hy/ 0.076 Torr H,O/ Ar instead of C;Hy, and
found that millimeter-thick nanotube forests actually grew without preheating. CoHb is

the actual precursor for the rapid nanotube growth from C,H4 feedstock.

Fig.2 Tmages of SWNT forests (a) no preheating,
Fig.1 Experimental apparatus (b)preheating: 700 °C, (c)preheating: 850 C

K. Hata, et al., Science 306, 1362 (2004) *'S. Noda, et al., Jpn J. Appl. Phys. 46, 1399 (2007)
Corresponding Author: Suguru Noda, noda@chemsys.t.u-tokyo.ac.jp Tel&Fax: +81-3-5841-7332.
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For the industrial applications of carbon nanotubes (CNTs), the development of a
method for purification of CNTs is one of the important issues. We have proposed the use of
amphiphilic peptides as a dispersant to purify CNTs. In this study, we designed and prepared
some amphiphilic oligopeptides composed of Gly and Phe as the hydrophilic and hydrophobic
residues, respectively, and examined the effects of their hydrophilic, hydrophobic, and 1onic
properties on the dispersion of CNTs in water by means of elemental analysis, Raman
spectroscopy, scanning electron microscopy (SEM), thermogravimetric analysis (TGA),
transmission electron microscopy (TEM), and UV/Vis/NIR spectroscopy.

The results of dispersion experiments showed that a pentapeptide, Glys;-Phe,-OBzl
(pep-2), was useful for dispersion of SWNTs (Hipco). The C-terminal Bzl ester was found to
be essential to the dispersion by UV/Vis/NIR spectroscopy. Upon addition of methanol to the
SWNTs-dispersed solution using pep-2, nanotubes components came out in the solution and
could be recovered by centrifugation. From the data of TG and elemental analyses, the
content of remaining pep-2 in recovered SWNTs was calculated to be 16 wt%. TEM images
of bundled SWNTs were observed.

Moreover, we examined whether pep-2 could be used for purification of CNTs. A
raw CNT material containing amorphous carbons and metallic catalysts was once dispersed in
water and then recovered by addition of methanol. Comparison of SEM images of the raw and
recovered CNTs showed disappearance of most of the amorphous carbons. Increase in area
ratios of the Raman peaks (G/D) was observed after treatment with pep-2. On the other hand,
results of TG and elemental analyses indicated that removal of the impurities was incomplete.
In conclusion, raw CNTs can be purified to some extent using pep-2 without damaging them.

ﬁrﬁﬁr%ﬁ(@@

Structure of amphiphilic oligopeptide pep-2.
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We demonstrate synthesis of 7.4-mm long CNTs by dense catalyst particles obtained
by adjusting thicknesses of sandwich-like catalyst films of Al/Fe/Al [1]. First, we
investigated the effects of the film thickness of the top Al layer on the density of
catalyst particles by annealing a substrate. When the Fe film was 0.5 nm in thickness,
the densities of the catalyst particles measured from the SEM images were
1.0x10%cm ? and 1.3x10%c¢m " for the top Al (0.5 nm) and the top Al (1.0 nm),
respectively. The thicker top Al layer suppressed the diffusion of Fe atoms on a
substrate, resulting in the denser catalyst particles from the 1.0-nm-thick Al layer. CNTs
were synthesized on Si substrates coated with the catalyst films mentioned above. A
mixture of hydrogen and methane and a remote-plasma CVD apparatus [1] were used
for the CNT growth. Figure 1 shows SEM images of CNTs grown at 690°C for 30 h
and schematic of the growth mechanism. CNTs obtained from the thicker top Al layer
were higher for the same growth time. It is speculated that the density of CNTs also
became higher for the thicker Al due to the dense catalyst particles and that the denser

CNTs tend to be straightened by supporting one another even after long-time growth
(Fig. 1). In the straight CNT mat, the diffusion length of carbon radicals to the catalyst
particles at the bottom of CNTs [2] should be shorten, resulting in the higher growth
rate.

carbon radical catalyst particle

CNT

&
AA2AR332  straightening

top Al = 0.5 nm

top Al= 1.0 nm
Figurel. SEM images of super-long CNTs and the growth model.

[11 G. Zhong, Jpn. J. Appl. Phys., 44, 1558 (2005). [2] T. Iwasaki, J. Phys. Chem. B, 109, 19556 (2005).
Corresponding Author: H. Kawarada E-mail : kawarada@waseda.acjp Tel&Fax : +81-3-5286-3391
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Chemical Vapor Deposition of Carbon Nanotubes
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Carbon nanotubes (CNTs) are able to become the channel for the spin
clectronic devices because the spin of the electron is preserved over the long distance
when the electron conducts in CNTs. The aim of our study is to apply CNTs to the
spintronics with the ferromagnetic metals or alloys as catalysts. In addition to that,
chirality control of the single wall carbon nanotubes (SWNTs) is expected irradiating
free electron laser, the features of which are variable wave length and very short
micro-pulse width less than 1 ps, during CNTs growth. In this report, as a first step,
the SWNTs were tried to grow by thermal chemical vapor deposition (TCVD) method
with dipped (Fe, Co)Pt catalysts.

The quartz substrate was ultrasonically cleaned in acetone and ethanol,
Semico-Clean23(Furuuchi Chemical Corporation), and soaked in HF and HCl mixed
acid solution. The 0.05x10* mol of Fe and Pt or Co and Pt was distributed in 1 mol
methanol. The sources were Fe(NO;);-9H,0, Co(NO3),-6H,0, and Pt(acac),. The
dipping speed was 60 or 600 um/s. The dipped specimens were annealed for 5 min at
450°C. The TCVD was carried out for 5 min on the annealed substrate at 800°C and
100 kPa with Ar : Hy: C;Hs =200 : 10 ; 20 ccm.

Figure 1(a) shows the scanning electron microscope (SEM) image after TCVD
with FePt catalyst and 600 um/s dipping speed. The diameter of CNTs was between
20 and 40 nm. The Raman spectrum showed G-band peak. As shown in figure 1(b)
the SEM image showed the diameter of CNTs was between 15 and 30 nm. However

e - the area where CNTs grew

was limited. It s
expected that the wetting
property between catalytic
solution and substrate is an

important parameter.

(aj catalyst is FePt. (b) Catalyst is CoPt.
Fig.1 SEM image of a difference in catalyst
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Effect of flow rate of ethanol on growth dynamics of VA-SWNT
- Transition from no-flow CVD to normal ACCVD -

OJun Okawa, Rong Xiang and Shigeo Maruyama

Department of Mechanical Engineering, The University of Tokyo
7-3-1 Hongo, Bunkyo-ku, Tokyo 113-8656, Japan

Towards selective growth of SWNT;, it is important to know their growth mechanism.
In previous studies, using optical absorbance technique, we have monitored the growth
of vertically aligned single-walled carbon nanotubes (VA-SWNTs) [1] and obtained
profiles of the VA-SWNT thickness with respect to the growth time, which was analized
by suggesting a growth model [2].

In this study, the flow rate of ethanol during the CVD was controlled precisely. Figure
1 shows the growth curve of VA-SWNT film for various ethanol flow rates. In the
figure, “No-flow “indicates that the supply of ethanol was stopped by sealing off the
chamber during the reaction, when CVD was started. Normally, ACCVD is operated at
flow rate of several hundred sccm. In that case, the growth rate of SWNT film decreases
exponentially. On the other hand, for lower flow rate, the growth rate does not decrease
with time and even increases in the case of 5sccm and 10sccm. However, after
VA-SWNT film reaches certain thickness, the growth stops suddenly. The trend reflects
the effect of ethanol decomposition in the growth mechanism of VA-SWNT using
ACCVD method.

[1]. S. Maruyama, E. Einarsson, Y. Murakami and T. Edamura, Chem. Phys. Lett.403 (2005)320.
[2]. E. Einarsson, Y. Murakami, M. Kadowaki and S. Maruyama, Carbon, (2008).

Corresponding Author: Shigeo Maruyama E-mail: maruyama@photon.t.u-tokyo.ac.jp,

Tel/Fax: +81-3-5800-6983
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Growth of Very-Thin Single-Wall Carbon Nanotubes by Catalyst-supported

Chemical Vapor Deposition Using Surface-Treated Zeolites

oKeita Kobayashi', Ryo Kitaura!, and Hisanori Shinohara'?

'Department of Chemistry, Nagoya University, Nagoya 464-8062, Japan
*Institute for Advanced Research, Nagoya University, and CREST/JST

The catalyst-supported chemical vapor deposition (CCVD) by using nanometer-sized metal
particles and porous catalyst supports such as zeolites has been extensively investigated as a promising
method for growth of single-wall carbon nanotubes (SWNTs) [1]. In the CCVD growth of SWNTs,
preparation of size-controlled metal catalyst nanoparticles is essential to realize diameter-controlled growth
of SWNTs, in which the diameter of SWNTs depends primarily on the size of catalyst nanoparticles
employed [2]. Ordered micropores of zeolites can provide us an ideal nano-space to prepare size-controlled
metal catalyst nanoparticles. However, metal nanoparticles prepared using zeolites usually possess broad
size distribution because of the formation of aggregates on the outer surface of zeolites. Thus, the SWNTSs
produced by the CCVD method have a large diameter distribution. Therefore, it is important to remove
metal aggregates on the surface of zeolites for a diameter-controlled growth of SWNTs by CCVD. Here, we
report SWNTs growth by CCVD using the zeolite which supports metal nanoparticles only within the
micropores.

A zeolite supporting Rh or Co was prepared by H, reduction of the zeolites incorporating
chlorides at 773 K Figure 1(a) shows a transmission electron microscopy (TEM) image of zeolite
supporting Rh particles; The image shows many Rh particles aggregating on the surface. The zeolites
supporting Rh or Co were refluxed at 353 K for 2 h with acetonitrile solution of Brp and
tetracthylammoniumbromide (TEAB) was
used to remove the aggregates. Since, the
molecular size of TEAB is larger than the
diameter of the pore, the agent can remove
only metals aggregating on the surface. Figure ‘ ‘

1(b) shows zeolites supporting Rh, whose Fig.1 TEM image of zeolites supporting Rh (a) and
surface was similarly treated The image  surface-treated the zeolites (b)

indicates that no Rh aggregate exists on the
surface. The CCVD was carried out at
973-1173 K for 10-60 s under an Ar gas flow.
Figure2 show SWNTs synthesize from Zeolite
supporting Co. The SWNTs have diameter of
~0.75 nm corresponding size of the micropore.

Fig.2 TEM image of SWNTs synthesize from
[1] A. Okamoto et al., Mol. Cryst. Lig. Cryst,  zeolite supporting Co
387, 93 (2002).
[2] F. Ding et al., J. Chem. Phys., 121, 2775 (2004).
{3] A. Obuchi et al., Japan patent, P3049317 (2000).
Corresponding Author : Hisanori Shinohara :
TEL: +81-52-789-2482, FAX:+81-52-789-1169, E-mail: noris@cc.nagoya-u.ac.jp
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Quantum response of carbon nanotube quantum dots
to teraherz (THz) wave

°Seiko Toyokawal’z, Tomoko Fuse', Yukio Kawano', Tomohiro Yamaguchil,
and Koji Thibashi'?

" 4dvanced Device Laboratory, RIKEN , Wako, Saitama 351-0198, Japan
’Department of Physics, Tokyo University of Science, Shinjuku, Tokyo 162-8601, Japan,
SCREST, JST, Kawaguchi, Saitama 332-0012, Japan

Single-wall carbon nanotubes (SWNTS) are attractive building blocks for quantum-dot
based nanodevices" because they have a very small diameter and an enough length to
access with conventional electron beam lithography. Single quantum dots (QDs) are
easily formed by depositing electrical contacts on top of an individual SWNT, and a
whole SWNT in between the contacts behaves as a single quantum dot with a
one-dimensional hard-wall potential. Important energy scales, associated with the QD,
the single electron charging energy and the level spacing of confined states lie in a
range from submillimeter to teraherz (THz) frequency, which is more than an order
larger than those of conventional semiconductor QDs made with the electron beam
lithography technique. These unique features have made us to expect a quantum
response of the SWNT QD to the THz wave, a photon assisted tunneling. This may
open up a new possibility for the ultra-sensitive THz detector.

Experiments were carried out by measuring low-temperature single electron
transport under the irradiation of the THz wave to the SWNT QD, with changing THz
frequency and power. Results with the 2.5THz irradiation at 1.5K is shown in the
ﬁgurez). Without the THz irradiation, typical Coulomb oscillations are observed with an
alternate peak-to-peak distance, the even-odd effect. When the sample is irradiated, a
complicated curve is observed with many features. Here, we focus on the new side
peaks that do not appear when the sample is not irradiated. From the detailed analysis of
the dot parameters, we conclude that the side peaks originate from the THz photon
assisted tunneling (PAT) that occurs for an electron in a dot to tunnel out in the drain
electrode. A frequency dependence is studied, and it a0 ‘
was found that the distance between the main peak and - kA
the side peak varied linearly as the frequency was L " ]
increased. A power dependence was also studied, and a )
indication of the Bessel-type behavior was observed”. Y S
These observations confirm the THz wave was B30 B2 B2 815 810

Gate Voltage (V)
detected as a photon, not as a wave.

Voq=0.2mV, £ =2 8THz, T=1.5K
T T

Current (pA)

10F

Figure

References: 1) K. Ishibashi et al., J. Vac. Sci. Technol. A24 (4), 1349 (2006). 2) T. Fuse, et al.,
Nanotechnology 18, 044001 (2007) 3) Y. Kawano, et al., J. Appl. Phys.

Corresponding Author: Koji Ishibashi E-mail: kishiba @riken.jp
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Dispersion of Single-Wall Carbon Nanotubes by Thermostable Chitinases
OTakeshi Tanaka', Hyekyeong Park', Hehua Jin', Tadayuki Imanaka®, Hiromichi Kataura',

'Nanotechnology Research Institute, National Institute of Advanced Industrial Science and
Technology (AIST), 1-1-1 Higashi, Tsukuba, Ibaraki 305-8562, Japan,
2Department of Synthetic Chemistry and Biological Chemistry, Graduate School of
Engineering, Kyoto University, Katsura, Nishikyo-ku, Kyoto 615-8510, Japan

Besides applications of carbon nanotube (CNT) to electronics, medical applications attract
a great deal of attention. When CNT is used as drug or drug carrier, CNTs modified by
proteins which specifically bind the target molecules will be very useful. Although there were
few reports that protein dispersed CNTs [1, 2], it was known that lysozyme disperse CNTs
very well. Here we report a novel protein which can disperse CNTs. The protein is chitinase
which degrades insoluble polysaccharides as well as lysozyme. In this study, we chose a
chitinase from a hyperthermophilic microorganism which can grow even at 100°C, since the
protein is very stable and suitable for applications. The chitinase (ChiA) has a unique domain
structure comprising two catalytic domains (CD1 and CD2) and three chitin-binding domains
(ChBD1~3) (Fig. 1). Various delection mutants of ChiA (ChiAA2~5, Fig. 1) were produced by
conventional genetic engineering methods using Escherichia coli cells and then purified. The
purified proteins and HiPco-CNT were used for CNT dispersion experiment. Among these
mutants, ChiAA2 composed of ChBD2, ChBD3 and CD2 showed the highest dispersibility of
CNTs, suggesting that ChBD2 and/or ChBD3 play an important role in the dispersion. The

details will be discussed at the presentation.

References: [1] D. Nepal and K. E. Geckeler, Small, 2006, 2, 406, [2] K. Matsuura, T. Saito, T. Okazaki, S.
Ohshima, M. Yumura and S. lijima, Chem. Phys. Lett., 2006, 429, 497.
Corresponding Author: T. Tanaka, Tel: 029-861-2903, Fax: 029-861-2786, E-mail: tanaka-t@aist.go.jp

1215 amino acids

signal
seq. ChBD1 dispersibility

of CNT
ChiAA3 +
ChiAA2 +++
ChiAA5 -
ChiAA4 +/-

Fig. 1 Structural features of thermostable chitinase and its deletion mutants and their abilities of CNT dispersion.
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Carbon nanotube single electron transistors on a GaAs/AlGaAs
2-dimensional electron gas wafer

°Mitsutoshi Makihata'*, Takahiro Mori', Tomohiro Yamaguchi', Yoshinobu Aoyagi'”?,
and Koji Thibashi'?

! ddvanced Device Laboratory, RIKEN , Wako, Saitama 351-0198, Japan
2 Interdisciplinary Graduate School of Science & Engineering, Tokyo Institute of
Technology, 4259, Nagatsuta-cho, Midori-ku, Yokohama 226-8503, Japan
*CREST, JST, Kawaguchi, Saitama 332-0012, Japan

Carbon nanotubes are attractive material for building blocks of nanodevices because of
their extremely small diameter. So far, various nanodevices, such as single electron
transistors (SETs) and field effect transistors (FETs), have been fabricated, and their
basic operation has been demonstrated. When electronic systems with carbon-nanotube
based nanodevices are considered, they may be combined with conventional
semiconductor transistors. For example, essential parts of a circuit would be made of
carbon nanotube, while interface parts to output would be consisting of conventional Si
transistors. To explore the possibility of combining carbon nanotube nanodevices with
conventional semiconductor devices, in this report, we fabricate SETs with single-wall
carbon nanotubes (SWNTSs) on a GaAs/AlGaAs wafer that contains the 2-dimensional
electron gas (2DEG), widely used for the high electron mobility transistors (HEMTs).

SWNTs were dispersed on the 2DEG wafer from solution, and electrical contacts
were fabricated to an individual SWNT". The surface gate and quantum point contact
(QPC) were fabricated on the wafer (Fig). The transport measurements of the
SWNT-SET were carried out at liquid helium temperatures, by changing either a
potential of the 2DEG or the surface gate voltage.

We have succeeded in observing Coulomb oscillations as a function of the voltage
on the 2DEG. The appearance of the oscillations were switched on and off by
controlling the voltage on the QPC that depleted electrons underneath it. In this case,
the role of the QPC is to clectrically separate the 2DEG
under the SWNT-SET and the 2DEG where the voltage
is applied. The effect could be useful for coupled
quantum-dot systems where a controlled coupling
among dots may be needed.

We also measured Coulomb oscillations as a
function of the surface gate, and have made clear the

mechanism of the surface gating in association with the
2DEG. of the sample structure

Figure: Schematic picture

References:1) T. Tsukamoto, et al., J. Appl. Phys., 98, 076106 (2005)
Corresponding Author: koji Ishibashi E-mail: kishiba @riken.jp
Tel:048-467-9366 Fax: 048-462-4659
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Inhibitory Effect of Carboxymethylcellulose Wrapping on the Oxidation of
Single-walled Carbon Nanotubes Induced by Acidification

oToru Ishii, Katsumi Uchida, Tadahiro Ishii and Hirofumi Yajima

Department of Applied Chemistry, Faculty of Science, Tokyo University of Science
12-1 Funagawara-machi, Shinjyuku-ku, Tokyo 162-0826, Japan

A numerous of studies have been made with regard to extensive fundamentals and
application of single-walled carbon nanotubes (SWNTSs) because of high performance and
multifunctional nanomaterials with unique and promising characteristics. For a basal aspect,
the optical properties of dispersed SWNTs with some dispersants, such as sodium
dodecylsulufate (SDS) and DNA, etc., in aqueous solutions have been well known to be

12 In

significantly affected by acidification, depending on the chiralities of SWNTs.
particular, the acidification is observed to give rise to the diminution of the S;; transition of
the semiconducting SWNTs in the NIR wavelength range (1000-1600 nm). This behavior is
interpreted in terms of the change in the electric transitions due to nanotube oxidation or
hole-delocalization involving dissolved oxygen. However, definite information on the roles of
dispersants in the pH effects has been not yet obtained. On the other hand, for an interesting
biological application of SWNTs, N. W. S. Kam et al.”) proposed the utility of the NIR optical
feature of SWNTs as multifunctional transporters for photodynamic therapy. - Correlatively,
the investigation of the pH effect is significantly involved in further development of
biomaterials with SWNTs. The objective of this study is to probe the pH effect on the
physicochemical characteristics of the dispersed SWNTs over a wide range of pH 1-14, using
SDS and carboxymethylcellose (CMC) as dispersants with alternately different adsorption
structures.

Reference

1) Kristy Kelley, Pehr E. Pehrsson, Lars M. Ericson, and Wei Zhao, J. Nanosci.. Nanotech. 5 (2005) 1041-1044
2) M. S. Strano, C. A. Dyke, V. C. Moore, M. J. O’Connell, E. H. Haroz, J. Hubbard, M. Miller, K. Rialon, C.
Kittrell, S. Ramesh, R. H. Hauge, R. E. Smally, J. Phys. Chem. B 107, 6979 (2003)

3) Nadine Wong Shi Kam, Michael O’Connell, Jeffrey A. Wisdom, and Hongjie Dai, PNAS 102 (2005)
11600-11605

Corresponding Author: Hirofumi Yajima
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Manipulation and Observation of Carbon Nanotubes
in Microfluidic Chip Under Optical Microscope

(ONaoki Inomata, Yoko Yamanishi, Fumihito Arai
Department of Bioengineering and Robotics, Tohoku University

Abstract: We demonstrate a visualization system of carbon nanotubes (CNTs) in water
under the optical microscope using quenching phenomenon. Quenching phenomenon
cause a decrease of fluorescent intensity around CNTs. With this method, we can
observe CNTs continuously for a long time by supplying proper amount of fluorescent
reagent. To get clear image of CNTs, we have to adjust the density of fluorescent
reagent around CNTs precisely, however, it is extremely difficult to control proper
condition of the reagent. Therefore, we propose a novel on-demand supplying system of
fluorescent reagent in a microfluidic chip. CNTs are trapped around ITO (Indium Tin
Oxide) electrodes by dielectrophoretic force. We have found that a porous structured
PDMS support can adsorb fluorescent reagent as a carrier and supply reagent in high
density and almost constantly for a long time. Moreover, we have mixed a couple of
fluids in the chip using a micro-stirrer. With this method, we can mix different fluids
uniformly and succeeded in controlling density of fluorescent reagent. Finally, we fixed
CNTs around ITO electrodes by dielecteophpreric force, and observed CNTs in the

solution on real time under the optical microscope. The fluorescent image of the CNTs

was clearer than the bright-field image of them.

Fig. 3 (a) Bright-field image (b) fluorescent image. CNTs are attached around ITO
electrodes by dielectrophoresis.

References: F. Arai et al., Observation of carbon nanotubes in water by supplying
fluorescent reagent with porous structured PDMS support, Proc. MHS2007, IEEE, p43
Corresponding Author: Naoki Inomata, Tohoku University
E-mail:inomata@imech.mech.tohoku.ac.jp
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Purification and Physicochemical Properties of
Double-Walled Carbon Nanotubes

(ONoriko Maeda, Katsumi Uchida, Tadahiro Ishii, and Hirofumi Yajima

Department of Applied Chemistry, Faculty of Science, Tokyo University of Science
12-1 Funagawara-machi, Shinjyuku-ku, Tokyo 162-0826, Japan

Recently, double-walled carbon nanotubes (DWNTs) have attracted a great deal of
attention in their specific optical properties and possible technological applications in various
fields of science because of the possssion of advantageous features of both single- (SWNTs)
and multi-walled carbon nanotubes (MWNTSs), such as electric and thermal stabilities.
However, the procedures of the isolation and purification of DWNTs has been not yet
established, and thus, a definite information on the physicochemical characteristics of
DWNTs has been not almost obtained. This study is concerned with the development of
effective purification methods for DWNTs without few damage, and then, with the
investigation of the physicochemical properties. We have proposed three kinds of treatment
methods for the purification, that is, chemical oxidation, centrifugation, and heat treatment.

DWNTs from Carbon Nanotechnologies Inc. were used without further purification.
The chemical oxidation was made for the DWNTs with 3:1 concentrated H.SO4/HNO;
mixtures (96 % and 69~70 % , respectively) under the sonication in a bath-type sonicator at
50°C for appropriate time, giving rise to the carboxylation for the DWNTs. The
centrifugation treatment was made for the dispersed DWNTs with carboxymethylcellulose
(CMC) as a dispersant, adjusting an adequate condition of centrifugal forces and times for the
separations of SWNTs and MWNTSs. The heat treatment in air for 0.5h was made for the
DWNTs annealing at several temperature in the range of 300-600 °C with electric muffle
furnace. The samples were characterized by various spectroscopic techniques such as FT-IR,
UV-vis near-infrared (NIR) absorption, photoluminescence (PL), resonance Raman
spectroscopy, and transmission electron microscopy (TEM). The purity was evaluated by the
TEM observations and quality parameters (= 1 — D/G) determined from Raman measurements.
We have obtained the results from TEM observations and Raman measurements that
centrifugation procedures promoted the purity of DWNTs. The detailed results including
those for the other treatment procedures will be presented and discussed in the symposium. At
present, further studies of the physicochemical properties of the DWNTs are under the
progress with structural characterization techniques such as AFM, DLS, and { -potential
measurements.

References : [1]T.Takahashi et al. Jpn.J Appl. Phys 43 (2004) 3636
[2]J.Liu et al. Science 280 (1998) 1253
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Effects of the neutral Ar beam irradiation to the random-network
single-walled carbon nanotube field effect transistors
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Single-walled carbon nanotube field effect transistors (SWNT-FETs) have been
attractive because they have the high potential in the field of electronics. There are three
kinds of SWNT-FETs. One is an individual SWNT-FET, which demonstrated an
extremely high mobility of 79000 ¢cm®V's™ [1]. Two is a so-called multi-channel
SWNT-FET [2], which consists a number of parallel SWNTs between source and drain
contacts to obtain high current, promising for the application of large scale integrated
(LSI) circuits. Three is a random-network SWNT-FET [3], which consists a large
number of SWNTs randomly distributed between source and drain contacts. The
random-network SWNT-FET has a lower mobility than the individual SWNT-FET,
however, it can be easily fabricated by a solution process, so promising for the lower
cost application such as flexible devices like the organic FETs. One of important
common problems in their SWNT-FETs is hysteresis caused from various charge traps
induced by contaminations on the SWNT [4]. In this presentation we report effects of
the neutral Ar beam irradiation to the random-network SWNT-FETs. The neutral Ar
beam irradiation process can reduce hysterisis and enhance the n-type character of the
random-network SWNT-FETs.

The random-network SWNT-FETs were fabricated on SiO,/Si substrates by a
solution process with a individually dispersed SWNT suspension using a surfactant,
sodium dodecylsulfate. The suspension was sonicated and centrifuged. The oxide
thickness was 200nm. The Pd source and drain contacts were fabricated on the
random-network SWNTs by lift-off process and the channel length and width were 1um
and 3pum, respectively. The SWNTs outside the FET structure were burned out by
oxygen plasma with the protection of the channel by resist. The neutral Ar irradiation
was carried out with the low acceleration energy of 10eV.

Before the irradiation the SWNT-FET showed hysterisis of about 1.6V in gate
characteristics in the range of -10V to 10V. After the irradiation the hysterisis was
reduced up to about 0.6V in the same range. Furthermore, the enhancement of the
n-type character was observed in the ambipolar SWNT-FET with the 10 times higher
electron current than the one before the irradiation. These results suggest that the
irradiation reduced contaminations on the SWNTs, such as organics like residual
surfactant molecules or oxygen molecules which caused the p-type character of the
SWNT-FETs.

[11 S. Heinze et al., Phys. Rev. Lett. 89, 106801(2002).
[2] R. Seidel et al., Nano Lett. 4, 831(2004).

[3] E. S. Snow et al., Appl. Phys. Lett. 82, 2145(2003).
[4] for example, W. Kim et al., Nano Lett. 3, 193(2003).
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Theoretical Analysis on Ion Permeation Mechanism through
an Anion-Doped Carbon Nanotube
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The transport and storage of materials in confined space and nanopore have been
extensively studied. In addition to the material science, biological pores, aquaporin and
ion channels, have been extensively investigated. However, the dynamics of the
transport of materials is still unclear.

We investigated the dynamics of ion permeation through an anion-doped carbon
nanotube (ANT) by molecular dynamics simulation. The free energy, energy, and
entropy profiles about ion permeation are calculated. The analysis of the free energy
profile shows that there are two ions in ANT in the most stable state (S2 state). It is
found that the entropy term stabilizes the S2 state. We analyzed the molecular origin of
the entropy term in the S2 state in 2PT method.'

There is a high free energy barrier at the entrance of ANT, i.e., the rate-limiting step is
the entering of an ion into ANT.”> The present study shows that the free energy barrier
mainly arises from the entropy. Therefore, the entire process of ion permeation is
dominated by the entropy. We further analyzed the origin of high entropy at the entrance
of ANT.

1. S.-T. Lin, M. Blanco, and W. A. Goddard III, J. Chem. Phys., 119, 11792 (2003).
2. T. Sumikama, S. Saito, and I. Ohmine, J. Phys. Chem. B, 110, 20671 (2006).
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Recovery process of low-energy irradiation damage of SWNTs
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SWNTs are damaged by low-energy (6 eV [1]-20 keV) irradiation, and the damage and
recovery are reversible [2,3]. In this work, we studied the recovery process of the
low-energy irradiation-induced damage by means of Raman spectroscopy.

Two SWNT samples showing almost the same Raman spectra were grown by the
ethanol CVD method. Both samples were irradiated by 20 keV-electrons to a dose of
8x10'® cm™. After the irradiation, one sample was annealed for a certain time in Ar
atmosphere at 220 °C and the other at 240 °C, respectively. Raman measurements were
performed after the samples were cooled down to room temperature.

Figure 1 shows D-band spectra of pristine SWNTs and of SWNTs annealed at 220 and
240 °C following the irradiation. The annealing temperature difference of 20 K caused
a substantial difference in the recovery speed. The activation energy of the defect
healing can be evaluated from the results.

— irradiated
(a) ——— irradiated (b) R ;m@n
...... — 2 min —— {MiN
7 min = - 14min
VVVVVVV i — 64min
— 232 m:: —— pristine
—— pristine
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-
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Fig. 1. D-band spectra of pristine SWNTs and of SWNTs annealed at (a) 220 and (b) 240 °C
following the electron irradiation. The excitation wavelength was 785 nm.

References:

{11 S. Suzuki and Y. Kobayashi, submitted to Jpn. J. Appl. Phys. 47 (4B) (2008).
[1]S. Suzuki and Y. Kobayashi, Mater. Soc. Symp. Proc. 994, F04-02 (2007).
[2] S. Suzuki and Y. Kobayashi, J. Phys. Chem. C 111, 4524 (2007).
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Single-walled carbon nanotubes (SWNTs) with high crystallinity have been
synthesized by a hydrogen DC arc discharge with evaporation of carbon anode
containing lat% Fe catalyst in Hp-Ar mixture gas (FH-arc method) [1]. It is also very
clear that some impurities such as metal particles and amorphous carbon coexist in the
SWNTs soot. In order to obtain high quality of SWNTs, various purification methods
such as annealing, oxidation by some oxidant have been attempted. As we concentrate
on obtaining the high purity SWNT sample, unexpectedly, double-walled carbon
nanotube (DWNTSs) have been observed in these samples. However, it is necessary to
make clear that whether DWNTSs have been existed in the as-grown SWNTSs soots.

In this study, we have precisely examined the preparation of SWNTs by changing
synthesis conditions with FH-arc method. Synthesized SWNTs were characterized by
Raman spectroscopy (Ar" laser, 514 nm) and by scanning probe microscopy (SPM). Fig.
1 shows the SPM image of purified SWNTs. Fig. 2 shows the Raman spectra of the
as-grown SWNTSs soot on a condition (Ar+H,: 200Torr, dc current: 70A).
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Fig. 1 SPM image of purified SWNTSs Fig. 2 Raman spectra of the as-grown SWNTs soot

Reference: [1] X. Zhao, et al., Chem. Phys. Lett., 378, 266-271 (2003)
Corresponding Author: Beibei Chen
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Long-range Electron Transfer
through a Single-walled Carbon Nanotube Sheet

oTakeshi Saito"?, Koji Matsuura3, Satoshi Ohshimal, Shigekazu Ohmoril,
Motoo Yumura' and Sumio Jijima®*

I Research Center for Advanced Carbon Materials, AIST, Tsukuba 305-8565, Japan
’PRESTO, Japan Science and Technology Agency, Kawaguchi 332-0012, Japan
*Cardiovascular Physiology, Graduate School of Medicine, Dentistry and Pharmaceutical
Sciences, Okayama Univ., Okayama 700-8558, Japan.
4Departmenl of Materials Science and Engineering, Meijo Univ., Nagoya 468-8502, Japan

In mitochondria, electron transfer (ET) is the mechanism by which chemical energy is
produced in the form of ATP by the use of powerful reducing reagents such as NADH.!"
Simplified ET systems can function as redox-driven biomachines and/or compact bioreactors
for the production of chemicals such as industrial materials and drugs.”! This ET reaction in
biological systems is often compared to that in a conductive nanowire. A single-walled carbon
nanotube (SWNT) is one of the typical nanowires with an affinity for biomolecules such as

proteins.m

Recent reports suggest that the chemical oxidation and reduction of
semiconductive SWNTs were observed by photobleaching of the bandgap transition.”! The

possibility of a SWNT-mediated ET between the reductant

and the reduced material was also proposed on the basis of
the redox properties of SWNTs.!

In this study, we have constructed an SWNT-mediated
ET system (Fig. 1A) with an aim to realizing an effective

bio-inspired reactor with large physical dimensions (several

millimeters). Reductants supply electrons to the SWNTs that s 1 aso,

transfer and donate electrons to the acceptor molecules. ‘g— (ﬁi‘f@iw
Dithionite and cytochrome ¢ (cyt ¢) were used as the 2;(1 Reductnt ._:c\ycg{::
reductant and acceptor, respectively. At this symposium, we Reaction coordnato

will report on the reduction kinetics of ¢yt ¢ in this system in  Figure 1. A: The SWNT-mediated ET
system showing reactions from

detail by analyzing the optical absorption spectra dithionite to ferric cyt c. The green
. arrows indicate the direction of the ET.
parametrically. The numbers indicate the elementary
reactions (ERs). B: Reduction

potential of the acceptor, SWNT, and

[1] M. Saraste, Science 1999, 283, 1488-1493. the :'educt:g:dpse;d :2 ::iSES';['Ug?,(.)CLZ(Se
reaction cC Inate e

[2] K. Matsuura, T. Saito, T. Okazaki, S. Ohshima, M. Yumura, S. [ijima, s the system.

Chem. Phys. Lett. 2006, 429, 497-502.

[3]1 M. Zheng, B. A. Diner, J. Am. Chem. Soc. 2004, 126, 15490-15494.
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Diameter evaluation of multi-walled carbon nanotubes using SEM images

(OTohru Kawamoto, Hamazo Nakagawa, Takashi Muranaka,

Atsuhiro Kunishige, and Yoshiyuki Sumiyama

UBE Scientific Analysis Laboratory, Inc., Kogushi, Ube, Yamaguchi 755-8633, Japan

In the multi-walled carbon nanotube (MWCNT) materials, the material properties

such as electrical conductivity, thermal conductivity and strength have close relations to

the geometrical properties of the tubes. Transmission
electron microscopy (TEM) [1], X-ray diffraction
(XRD) analysis[2] and scanning electron
microscopy (SEM) have been used to evaluate the
diameters of MWCNTSs. SEM is widely used among
them, and it allows to evaluate the distribution of
tube diameters.

Figure 1 shows a SEM image of as-received
MWCNTs produced by Shenzhen Nanotech Port Co.,
Ltd. The tubes have wvarious diameters both
throughout the sample and within the lengths of
individual tubes. Because the tubes were not
dispersed, it was difficult to evaluate the tube
diameter by rule.

In this study, we have tried to evaluate the tube
diameters from the SEM images of individually
dispersed MWCNTSs on a substrate. One of the SEM
images is shown in Fig.2. Tubes having various
diameters and lengths are observed.

We measured tube diameters at regular intervals
of 0.5 microns along each tube length. Figure 3
shows the distribution of measured diameters. An
average diameter and a standard deviation

Fig.1 SEM image of as-received
MWCNTs

Fig.2 SEM image of dispersed

MWCNTs on a substrate

have been calculated to be 31nm and 11nm %
respectively. .
References:[1]M. Endo et al.: J. Phys. Chem. Solids
58 (1997) 1707.

[2] A. Kunishige et al.: The 32" Fullerene Nanotubes
General Symposium, (2006) 167.

Frequency/—
=
:

=3
T

Corresponding Author: Tohru Kawamoto 0

L

1l

N

/

[ Frequency
——Integrated frequency

"

E-mail: tooru.kawamoto@ube-ind.co.jp
Tel&Fax: +81-836-31-0987, +81-836-31-0956

10 11 13 14 16 18 20 22 25 28 32 35 40 45 50 56 63 71 79 89 100

Diameter/nm

Fig.3 Diameter distribution of MWCNTs

—174 -

200nin

0

Integrated Frequency/%



3P-25

Saturation of Photoluminescence from Carbon Nanotubes at High
Laser Intensities: Exciton-Exciton Annihilation near the Mott Density

(OYoichi Murakami, Junichiro Kono

Rice University, Dept. of Electrical and Computer Engineering,
6100 Main St., Houston, TX 77005 USA4

Nonlinear photoluminescence excitation (PLE) spectroscopy of individualized carbon
nanotube ensembles has been carried out using wavelength-tunable femtosecond optical
pulses. All the PL features we examined were seen to saturate at high laser fluence
irrespective of the excitation wavelength. As the fluence was increased from the linear
to the saturation regime, we found that excitation resonances at E22 energies gradually
broadened and eventually became completely flat, where the PL intensity became
independent of the excitation wavelength (Fig. 1).

Through absorption spectroscopy at high laser intensities, we demonstrated that
state-filling or strong scattering is not the cause of the observed flattening of the
excitation spectra. We developed a model to explain these observations by carefully
taking into account the spatial overlap of excitons in the exciton-exciton annihilation
process. The developed model shows an excellent agreement with the observed
saturation behavior as shown by Fig. 2 up to near the Mott density, where the average
inter-exciton distance approaches the Bohr radius. Based on the saturation curve
analysis, we estimated for the first time the density of excitons in carbon nanotubes for

the nonlinear regime extended up to near the Mott density.
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Growth and characteristics of ’C enriched carbon nanotubes

°Nobuyuki Yamazaki'?, Ryo Hashiba', Manabu Oie"?, Yuichi Ochiai’,
Tomohiro Yamaguchi', and Koji Thibashi'*

! 4dvanced Device Laboratory, RIKEN , Wako, Saitama 351-0198, Japan
ZDepaerment of Nanomaterial Science, Chiba University, Inage, Chiba 263-8522, Japan
3Department of Physics, Tokyo University of Science, Shinjuku, Tokyo 162-8601, Japan,
*CREST, JST, Kawaguchi, Saitama 332-0012, Japan

Carbon nanotubes (CNTs) have been attracting considerable attentions as a building
block of nanoscale devices. One of the most intriguing features of CNTs is their small
size beyond a limit of conventional lithography techniques, which makes it possible to
realize various small single-electron devices. CNTs are usually consists of 2C atoms
which have no nuclear spins. To investigate the effect of nuclear spins on transport
properties of CNT quantum dots, we grew ~C-enriched CNTs (*CNTs) and made
Raman, NMR, and electronic transport measurement to characterize the BCNTs.

BCNT was grown by the alcohol catalytic chemical vapor deposition (CVD)
technique using cobalt as catalyst. We use commercial ethanol with natural abundance
of *C (1.1 %), 1,2-"*C, ethanol (99 %) and three kinds of their blends with different °C
contents (24 %, 48 % and 74 %) as carbon sources for CVD growth. From the Raman
spectroscopy in the radial breathing mode region, these BCNT samples are confirmed
to be singles walled and the diameter is in range of 0.7 nm ~ 1.9 nm.

Figure 1 shows the Raman spectra from five different

Intensity (arb. units)

BCNT (1.1 %)

samples in the wave number range of the G-band and
D-band peaks at room temperature. It is obvious that the
peak positions of the both G- and D-band shift downwards
with increasing °C content in *CNTs. The peak positions JONT 99 %
show a good agreement with the calculated Raman shift .
using the formula in Ref. 1 suggesting that the >C content SR
of ®*CNT can be controlled by the BC content of the HONT 48 %
ethanol.

The spin-lattice relaxation time 77 and the spin-spin UONT (24 %),
relaxation time 7 are evaluated from magic angle spinning
BC NMR spectroscopy. For 13CNT(48 %), we obtain A
T, =626ps, Tlslow =3.8ms and T, =616ups. 1100 1200 1300 1400 15010 1600 1700
Resently, we have succeeded to observe the quantum Raman Shif (cnt)

dot features of "CNT (99 %) at low temperatures. Detailed Figure 1
studies of the effect of *C nuclear spins on the transport Raman spectra for five
properties of CNT quantum dots are now in progress. kinds of *CNTs.

References: 1) F. Simon, et al., Phys. Rev. Lett. 95 (2005) 017401.
Corresponding Author: Nobuyuki Yamazaki E-mail: nob-yamazaki @riken.jp
Tel:048-462-1111 ext 8437 Fax: 048-462-4659
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Polarized Raman Spectroscopy of Vertically Aligned
Single-walled Carbon Nanotubes

o Zhengyi Zhang, Yuhei Miyauchi, Erik Einarsson, Shigeo Maruyama
Department of Mechanical Engineering, The University of Tokyo

Recently, we have prepared up to 30 um thick vertically aligned single-walled carbon
nanotube (VA-SWNT) films with high purity by the alcohol catalytic CVD method [1].
Previous polarized Raman spectroscopy studies [2] showed that the peak around 180 cm™ is
very strong at 488 nm excitation for incident light polarized perpendicular to the tube growth
direction, but diminishes for parallel polarization. Recent high-resolution Raman
measurements revealed that this strong peak is composed of four separate sharp peaks and
disappear when the VA-SWNT film is dispersed. Additionally, we found that the films are
comprised primarily of small bundles, typically fewer than ten SWNTs [3], which inspired us
to investigate the origin of the 180 cm™ peak.

Polarized Raman experiments were carried out with two configurations, where the
orientation of the polarizer for inspecting the scattered light is parallel (VV) or perpendicular
(VH) to the incident light polarization. By changing the angle of the incident light with
respect to the VA-SWNT growth direction, two different polarization dependences were found
for the RBM peaks (Fig. 1). The peaks at 160 c¢m™ and 203 cm™' bahave consistently with the
“antenna effect”, where optical spectra are dominated by absorption/emission of light
polarized parallel to the tube axis. However, peaks at 145 cm™, 181 cm’, 244 cm™ and 256
cm™ exhibit the opposite behavior in the VV configuration (Fig. 2), which may due to the
cross polarized excitation/emission process or the presence of isolated tubes within the array.

[1]Y. Murakami, S. Chiashi, Y. Miyauchi, M. Hu, M. Ogura, T. Okubo, S. Maruyama: Chem. Phys. Lett. 385 (2004) 298.
[2] Y. Murakami, S. Chiashi, E. Einarsson, S. Maruyama: Phys. Rev. B 71 (2005) 085403.

[3] E. Einarsson, H. Shiozawa, C. Kramberger, M. H. Rimmeli, et al.: J. Phys. Chem. C 111 (2007) 17861.

Corresponding author: Shigeo Maruyama E-mail: maruyama@photon.t.u-tokyo.ac.jp, Tel/Fax: +81-3-5800-6983
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Molecular dynamics of phonon relaxation of an SWNT

OMinetaka Nishimura, Junichiro Shiomi and Shigeo Maruyama*

Department of Mechanical Engineering, The University of Tokyo
7-3-1 Hongo, Bunkyo-ku, Tokyo 113-8656, Japan

SWNT is expected to have large thermal
conductivity, therefore suggested for thermal
devices. This has motivated extensive researches
on thermal conductivity of SWNT using both
experimental and numerical methods [1,2].

Generally, heat conduction of an SWNT strongly
depends on the transport of acoustic phonons: LA,
TA and TW. The aim of this research is to estimate
the contribution of each acoustic phonon mode to
heat conduction. The contribution of each acoustic
phonon mode to heat conduction was quantified
by exciting the mode and then monitoring the
phonon relaxation process. The energy of a
phonon mode is extracted by calculating the
phonon energy spectra. Figures 1-2 demonstrate
the case when a LA phonon mode is excited. Here,
the spectra are calculated by taking
two-dimensional Fourier transfer of atom velocity
in the axial direction of SWNT. The dependence
of the relaxation on the phonon branch, wave
number, temperature of SWNT, kinetic energy of
excited phonon and tube length will be
discussed.

[1]. C. Yu et.al., Nano Lett. 5,. (2005) 1842.
[2]. Maruyama, Physica B, 323 (2002)193.
Corresponding Author: Shigeo Maruyama
E-mail:maruyama@photon.t.u-tokyo.ac.jp
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Surface Potential Investigations of Ballistic Conduction in SWNTs by
Atomic Force Microscopy

oYuji Miyato', Kei Kobayashi?, Kazumi Matsushigel, Hirofumi Yamada'

") Department of Electronic Science & Engineering, Kyoto University, Kyoto 615-8510
? Innovative Collaboration Center, Kyoto University, Kyoto 615-8510, Japan

A single wall carbon nanotube (SWNT) is known as an ideal one-dimensional
quantum wire. In fact the ballistic transmission has been observed when its channel
length is less than 300 nm". Since the transmission characteristics of the SWNT are
strongly dominated by the electronic states at the interface between the SWNTSs and the
metal electrodes, sufficient understanding of these states of the SWNT is essentially
important for quantum device applications. We have mapped surface potentials (SPs) on
SWNTs by Kelvin probe force microscopy using the frequency-modulation detection
method (FM-KFM), which is a powerful technique for investigating SP on a nanometer
scale, as well as by AFM potentiometry (AFMP), which is a complementary method to
measure the SP with a high-impedance voltmeter connected to an AFM tip. We have
developed a new AFMP technique called “point-by-point AFMP” to improve the
measurement accuracy”. The AFMP measures the Fermi level at a place where the AFM
tip is in contact while the KFM measures the contact potential difference between the
AFM tip and sample by detecting the electrostatic force originating from the difference
in their local work functions.

In this study the SPs of the SWNTs with applied bias voltages were investigated by
both FM-KFM and point-by-point AFMP. We first fabricated nanogap electrodes on a
highly doped Si substrate with a silicon oxide layer using the electron-beam (EB)
lithography. The gap distance was less than 300 nm. Then, we deposited SWNTs
between the nanogap electrodes by using the dielectrophresis method. We compared the
SP images obtained by FM-KFM with those obtained by point-by-point AFMP. We
successfully observed a potential plateau region in the SP profile, which corresponds to
the ballistic conduction in the SWNT channel.

[1] Y. Yaish, et al. Phys. Rev. Lett. 92 046401 (2004), [2] Y. Miyato et al. Nanotechnology 18 084008
(2007)
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Raman Scattering Studies on Nanopeapod-Derived Double-Walled Carbon
Nanotubes: Comparisons with Photoluminescence Spectra
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Zujin Shi* and Sumio Tijima'?
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Tenpaku-ku, Nagoya 468-8502, Japan
*Department of Chemistry, Peking University, Beijing 100871, P. R. China

Double-walled carbon nanotubes (DWCNTSs) have been expected for nanocomposites,
field emission sources, nanotube bi-cables and electronic devices because of their superior
mechanical properties, thermal conductivity and structural stability [1]. Optical application of
DWCNTs is also attractive because the inner core tube is protected from environment and its
optical properties are preserved.

We have previously reported that photoluminescence (PL) of nanopeapod-derived
DWCNTs presumably depend on the interlayer spacing between the outer and the inner tubes
[2, 3]. Namely, PL quenching occurs in DWCNTSs having smaller interlayer distance and the
PL signals of the inner tubes are observable from DWCNTs having lager interlayer distance.
However, the detailed mechanisms of the PL quenching are still controversial. We here carry
out resonance Raman (RR) study of several nanopeapod-derived DWCNTSs to quantitatively
investigate the interlayer spacing dependence between the outer and the inner tubes on the PL
quenching.

Using a contour plot of the Raman intensities of the radial breathing modes (RBMs) over
the laser excitation wavelengths of 700-1070 nm, we found that the inner tubes of all
DWCNTs studied here were mainly assigned to (6, 5) and (7, 3) tubes. It is very interesting
that the diameter of the outer tubes was estimated to be 1.37-1.55 nm and 1.34-1.6 nm for
DWCNTs which show faint PL signals from inner tubes, while that of DWCNTs with no PL
from the inner tubes ranges 1.2—1.4 nm. These results strongly suggest that PL behaviors of

DWCNTs are very sensitive to the interlayer distance between the outer and the inner tubes.

[1] M. Endo, H. Muramatsu, T. Hayashi, Y. A, Kim, M. Terrones, M. S. Dressethaus., Nature 433, 476 (2005).

[2] T. Okazaki, S. Bandow, G. Tamura, Y. Fujita, K. Takoubovskii, S. Kazaoui, N. Minami, T. Saito, K. Suenaga,
S. Iijima, Phys. Rev. B, 74, 153404 (2006).

3] T. Okazaki, Z. Shi, T. Saito, H. Wakabayashi, K. Suenaga, S. Iijima, The 32" Fullerene-Nanotube General

Symposium, 2P-2 (2007).
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Behaviors of cells cultured on carbon nanotube-synthesized
substrate surface

Masato Tominaga', OShoichiro Nagaishi', Nagisa Yoshizaka', Etsuko Kumagai2,
Shinji Harada? and Isao Taniguchi'

Graduate School of Science and Technology, Kumamoto University', Kumamoto 860-8555,
Japan. Faculty of Medical and Pharmaceutical Sciences, Kumamoto University’, Kumamoto
860-8556, Japan

Carbon nanotube (CNT) structures have been attracting for applications such as scaffolds
for cell seeding and growth, because of their nanosize and fabrication indented surface at
nanoscale. In this study, we investigated behaviors of cells cultured on CNT-synthesized
substrate surfaces.

CNTs with various surface density were synthesized on a quartz substrate surface.
MAGI/CCR cells were used in this study, and were seeded on the CNT-synthesized substrates,
quartz substrate and tissue culture dish.

Cell morphology cultured for 5 days did not depend on the surface density of CNTs, as
shown in Fig.1. Fig.2 shows the proliferations of cells on CNTs with lower surface density,
which was similar to quartz substrate and tissue culture dish. On the other hand, in case of
CNTs with higher surface density, the proliferation was ca. half in comparison with the lower
one. These cells were detached from CNTs with higher surface density, and seeded on tissue

culture dish. The detached cells proliferated well.

407 oNTRQuartz
(8) (b) % € lower density °
i i = -~ higher density /o
L £
T 30
2 Quartz g
F 204 Tissue culture dish
S
10
e
0
Fig. 1 (a) Cell morphology cultured on Time /days
CNT-synthesized substrates ((a) lower and (b) Fig. 2 Proliferation of cells cultured on
higher densities). various substrates.
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Synthesis of Carbon Nanotube Particles from Used SiC Powder by SiC
Surface Decomposition Method
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The SiC surface decomposition method is one of the synthesizing methods of
CNT. We have previously reported that this method gives the well-aligned and
high-density CNTs on the SiC single crystal substrates[1]. However, SiC single
crystals are rather expensive, and the synthesis of CNTs from cheaper SiC
materials is desirable for encouraging the application of CNTs

Now, a large amount of SiC abrasives powder is discharged from the Si wafer
manufacturing industry. However, most of such used SiC powder are discharged
and reclaimed, since the used SiC powder cannot reused as abrasives, because
used SiC particles mostly become affable by repeat use. To realize the recycling of
the used SiC powder, we attempted to synthesize CNT particles from the used SiC
powder, which was much cheaper than pure SiC powder, in this study.

After the used SiC powder was rinsed by 5M HCI for removal of metal impurity,
the powder was heated to 1900°C in vacuum. As results from TEM observation, it
was revealed that dense CNTs layer could be synthesized on the used SiC
particles, like the case of pure SiC particles. This indicates that not only the cost
for synthesizing CNT particles but also the disposal amount of the used SiC
powder can be reduced.

References:[1] M.Kusunoki, M.Rokkaku, T.Suzuki : Appl. Phys. Lett., 71, 2620 (1997)
Corresponding Author : Michiko Kusunoki
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Carbon nanowalls as a negative electrode in lithium-ion secondary battery

Norihiro Kitadal, Hirofumi Yoshimural, Osamu Tanaike?, Ken-ichi Kobayashi2,
Kenichi Kojima!, Masaru Tachibana!

1 International Graduate School of Arts and Sciences Yokohama City University
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Recently two-dimensional carbon nanostructures called carbon nanowalls (CNWs)
have been fabricated at 700 C by plasma-enhanced chemical vapor deposition. By
means of Raman spectroscopy [1], transmission electron microscopy [2], and
photoelectron spectroscopy [3], it was clarified that the CNWs are composed of small
crystallites with a high degree of graphitization. Such structural feature can provide us
for various applications such as electrodes, electric field emitters, hydrogen storages,
etc.

The lithium-ion battery, that is one of the potential applications, has attracted much
attention for electric vehicles. In commercial lithium-ion batteries, graphite is generally
used as the negative electrodes. The high diffusivity of lithium ions in the active
materials is one of important factors for the good performance. A practical way of
enhancing the diffusivity of lithium ions is to decrease the particle size of the active
materials. It is expected that CNWs composed of small crystallite with a high degree of
graphitization is one of promising materials for electrodes in lithium-ion batteries.

In this paper, we report CNWs which serve as the negative electrode in lithium-ion
batteries intended for high-rate use. We demonstrate that CNWs have promising

electrochemical properties.
[1]S. Kurita, et al., J. Appl. Phys. 97, 104320 (2005).

[2]K. Kobayashi et al., J. Appl. Phys. 101, 094306 (2007).
[3]1. Kinoshita et al., Chem. Phys. Lett. (in press).
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Synthesis of Thin Graphite by Exfoliation Technique
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The discovery of fullerene and carbon nanotubes has raised interest in carbon-based
material. Graphene is a form of graphite with only a single layer of carbon atoms. It is stable
under ambient conditions and has been known for its peculiar electronic dispersion with
massless two-dimensional Dirac fermions. Graphene is a new model system in condensed
matter physics and is interesting subject to study in experimental and theoretical points.
Recently, Novoselov et al. reported the observation of the electric field effect in few-layer
graphene(1]. It has attracted further interest as new electronic device.

Several techniques have been reported for graphene preparation. However, the established
techniques give rise to the variation of sample thickness and it is difficult to produce graphene
in large quantities.

We adopted exfoliation technique for thin graphite preparation in order to improve
homogeneity and thinness of the product. Our processes consist of the intercalation of the
graphite by using various acids or halogen and the successive exfoliation by heat treatment.
HOPG (highly oriented pyrolytic graphite) and natural graphite were used for starting
graphite.

The photograph of the exfoliated graphite is shown in Fig.1. The x-ray diffraction profile
and the magnetic susceptibility for the exfoliated graphite and the intercalation compounds
synthesized from this exfoliated graphite will be presented at the meeting.

Fig. 1. The photograph of exfoliated
graphite.

References: [1] K. S. Novoselov et al., Science 306, 666 (2004)
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Flattened Carbon Nanocoil
and application to field emitter

OY. Shinohara', Y. Hosokawa', M. Yokota', S. Oke', H. Takikawa', Y. Fujimuraz,
T. Yamaura®, S. Itoh%, K. Miura> , K. Yoshikawa®, T. Ina*, F. Okada*

! Department of Electrical and Electronic Engineering,
Toyohashi University of Technology.
? Research and Development Center, Futaba Corporation.
3 Fuji Research Laboratory, Tokai Carbon Co., Ltd.
* Fundamental Research Department, Toho Gas Co., Ltd.

Helical carbon nanofiber (HCNF) is fibrilliform carbon nanofiber with helical shape. There are two kind
of the HCNFs, carbon nanocoil (CNC) with the inside diameter and carbon nanotwist (CNTw) without the
inside diameter. The mass production of HCNF was achieved with automatic-substrate-type CVD system
[1]. These HCNFs are synthesized by Catalyst-CVD process. However these HCNF contains the catalyst. It
is necessary to remove the catalyst by the acid treatment. In this work, the acid treatment was done by using
the hydrogen peroxide solution according to the following procedures. 1) Powder of HCNF and hydrogen
peroxide solution are put in the beaker. 2) The beaker is heated up to 100°C by a hot plate. 3) HCNF is
filtered with the filter and washes by the pure water. 4) It was dried in an electric furnace. Fig.1 show the
SEM image of the acid treated CNC. CNC is flattened by acid treatment. In this work, the field emission
characteristic of CNC is measured. As a result, the emission characteristic has improved in CNC advanced
by making flatly as shown in Fig. 2.

This work has been partly supported by the Outstanding Research Project of the Research Center for Future Technology,
Toyohashi University of Technology; the Research Project of the Research Center for Future Vehicle, Toyohashi University
of Technology; the Research Project of the Venture Business Laboratory, Toyohashi University of Technology; Global COE
Program “Frontiers of Intelligent Sensing” from the Japanese Ministry of Education, Culture, Sports, Science and
Technology (MEXT); The Japan Society for the Promotion of Science (JSPS), Core University Programs (JSPS-KOSEF
program in the field of “R&D of Advanced Semiconductors.” )
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as-grown CNC and (b) after acid treat. Voltage (V)
Scale bar : 500 nm
References: Fig. 2. Field emission characteristics of flattened CNC.

[1] Y. Hosokawa, H. Shiki, H. Takikawa, T. Ina, G. Xu, K. Shimizu, S. Itoh, T. Yamaura, Abstracts of The 67"
Japan Society of Applied Physics Annual Conference, 30a-D-11 (2006)
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Ab-initio study on the electronic structure of few-layer graphene films
connected to a titanium electrode under an electric field

(OMari Ohfuchi and Masakatsu Ito

Nanotechnology Research Center, Fujitsu Laboratories Ltd.,
10-1 Morinosato-Wakamiya, Atsugi 243-0197, Japan

Since the successful fabrication of ultrathin graphite @) , (b) 20

films [1], theoretical studies on few-layer graphene % 100}

films have been actively reported. It has been shown : g w0l

[2] that a two-layer graphene film has a band gap sposo O

under an electric field, but ab-inito study on contact ore :z e St
with an electrode under an electric field has not been ¢ ‘f ‘: ‘g 40} ﬁ@@k
made despite its importance for electronics ! :' ‘;“ a " "*"m’%‘;;‘?lig;;“
application. In this report, we carry out such oo SO,
calculations of graphene films up to four layers [ [ | | O s 0 5 o s
connected to titanium layers. The energy band Energy (sV)
for the innermost graphene layer falls by (©) V5pr E=0 ,E::?'17V/ n%\
about 3 eV. For three-layer graphene, the vy

energy bands similar to those of two-layer
graphene without contact appear near the
Fermi level. For the electric field E=0, they
have a band gap unlike those without contact.
For E=0.17 V/nm, the band gap disappears
and for a reverse electric field (not shown in

Figs.), it opens wider.

Figs. (a) Unit cell used for the calculations of -1.0
three-layer graphene. White (black) spheres represent 05
titanium (carbon) atoms. (b) Total density of states @ Ty G \f i
(Top) and those of each layer. (c) Energy band ‘U _.5
structures for E=0, 0.17 V/nm and (d) those of i g

two-layer graphene without contact for comparison. @

500 X 1 A
References: ol
[1]1 K.S. Novoselov et al., Science 306, 666 (2004). Lt
[2] E. McCann, Phys. Rev. B 74, 161403 (2006). H H i
[3] T. Ozaki, Phys. Rev. B 67, 155108 (2003). HIFATE! HFATE
Corresponding Author: Mari Ohfuchi 05—t —

E-mail: mari.ohfuti@jp.fujitsu.com, Tel: +81-46-250-8234, Fax: +81-46-250-8844

- 186 —



3P-37

Preparation of porous carbons composed of carbon nanotube and
fullerene-like carbon by carbonization of Fe-containing phenol
formaldehyde resin

(OYuji Sakamoto, Katsuya Inomata, Yoshinobu Otake

Department of Applied Chemistry, Meiji University
1-1-1, Higashi-Mita, Tama-ku, Kawasaki, Kanagawa, Japan

The aim in this study is to control the pore structures present in carbons by changing carbon
nanostructure with various heat-treatment conditions after the addition of iron metal in
polymeric substance.

Phenol formaldehyde resin is dissolved in methanol to finely disperse ferrocene(Fe), stirred
continuously until the resin becomes dry and then is cured at 80°C for 10 days. The
resulting resin blocks, containing 0.6 mmol of Fe, are carbonized under argon atmosphere at
the final temperature of 1000°C for 1h to obtain Fe-containing carbons. In this study, the
reins are heat-treated by two methods; one is called as method (i) and the other as method (it).
In the former method, the resins are heat-treated up to 1000°C by different heating rates
ranging from 5 to 60000°C /min and held at this maximum for 1h. The latter case is focused
on the temperatures of pre-heat treatment from 100 to 600°C prior to final heat-treatment,
which 1s performed at 5 °C/min up to 1000°C and finally kept at this maximum for 1h.

The results of nitrogen adsorption/ desorption for the Fe-containing carbons indicates that
the value of mesopore surface is constant to be about 120m?g even if the heating rates are
changed by method (i); however, the heating rates affect the development of micropores.
The micropore and mesopores surface areas remain constant on the carbons which are
prepared, by method (ii), with the pre-heat temperatures below 500°C. However, the
micropore surface area increases suddenly when the pre-heat treatment is carried out at
600°C.

The crystalline structure and nanostructure of carbon nanotubes(CNTs) on the carbons are
studied by X-ray diffraction, scanning electron microscopy and transmission electron
microscopy. Nanostructures, composed of fullerene-like carbons (FLCs) and cup-stacked
CNTs, are recognized in this study under a simple preparation process of the carbons. The
results indicate that micropores exist as space surrounded by FLCs and mesopores as that by
CNTs, thus implying the importance to control the nanostructures for the preparation of
porous carbons.

Corresponding Author
E-mail:meiji_file yuji@yahoo.co.jp
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Antimicrobial Activity of Fullerene and Its Derivatives

OHisae Aoshima' Ken Kokubo?, Shogo Shirakawa?, Masayuki Ito!, Shuichi Yamana', and
Takumi Oshima®
"Vitamin C60 BioResearch Corporation, 1-8-7, Kyobashi, Chuo-ku, Tokyo 104-0031, Japan
Division of Applied Chemistry, Graduate School of Engineering, Osaka University
Suita, Osaka 565-0871, Japan

In order to find the novel functionality of fullerenes in cosmetic industry, we have
assessed their antioxidant activities [1]. In this study, antimicrobial activities of fullerene Cg
and its derivatives against various bacteria and fungi were evaluated. The minimum inhibitory
concentration (MIC) values were measured using an agar plate dilution method according to
the Clinical and Laboratory Standard Institute. The fullerene samples tested were variously
modified water-soluble Cgy (PVP/Cgo, ~CD/Cs [1], and Nano-Cs [2]) and three fullerenols
such as Ceo(OH)12, Ceo(OH)36*8H,0, and Ceo(OH)44*8H,0. Catechin was used as a reference
material. Although pristine Cgo showed no antimicrobial activity, fullerenols exhibited a good
antimicrobial activity against P. acnes, S. epidermidis, C. albicans, and M. furfur. In particular,
Ce0(OH)44 exhibited a strong and versatile antimicrobial activity comparable to catechin.
These results indicate that the hydroxyl groups of fullerenes are responsible for the
antimicrobial activity. It is expected that Cgo(OH)44 has a possible wide-ranging application in

the field of the household goods as well as the cosmetic ingredients.

Table 1. Antimicrobial activity of various fullerene derivatives

Strain MIC (ug/mL)
Cso(OH)44 Coo(OH)36 Ceo(OH)1, Ce'  (+)-Catechin
Escherichia coli -° — — - 5120
Bacillus species — - — - 5120
Staphylococcus aureus (MRSA) 2000 - - - 5120
Staphylococcus aureus (MSSA) 2000 - : - - 5120
Staphylococcus epidermidis 2000 2000 - - 2560
Propionibacterium acnes 1500 - - - 2560
Candida albicans 1200 600 3300 - -
Malassezia furfur 900 1850 3750 - 37

* All PVP/Cy, v-CD/Csp, and Nano-Cg, were tested. ® No antimicrobial activity (—) was observed.

[1] H. Takada, K. Kokubo, and T. Oshima, Biosci. Biotecnol. Biochem. 2007, 70, 3088-3093.
[2] S. Deguchi, S. Mukai, M. Tsudome, and K. Horikoshi, Adv. Mater. 2006, 18, 729—732.
Corresponding Author: Hisae Aoshima
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Production of carbon clusters by collisional explosion-reaction of
asteroids in space (model experiment)

(OTetsu Mieno', Sunao Hasegawa’

'Dept. Physics, Shizuoka Univ., Ooya, Suruga-ku, Shizuoka-shi 422-8529, Japan
*Inst. Space & Astronautical Science, JAXA, Sagamihara-shi, Kanagawa 229-8510, Japan

For more than 10 billion years, huge amount of carbon atoms are produced in space.
Now, we want to know where and how these carbons are stored in space. It is informed that
the Saturn explorer “Cassini” operated by NASA has arrived Saturn and it successfully sent
astonishing IR images of surface of Titan satellite, where many huge methane seas are clearly
visualized. We expect that this special satellite is reserving many kinds of carbon clusters
and hydrocarbon molecules in the methane seas under dense nitrogen air. Because, many
asteroids often hit the Titan’s surface in the past, which caused large-scale collisional
explosions of methane under nitrogen atmosphere, and many kinds of carbon clusters,
hydro-carbon molecules and amino-acids were produced. Main parts of there molecules
would be stored in the methane seas under low temperature and UV-shielded atmosphere.
Some parts of these molecules are diffused into space.

In order to simulate this process on Titan, we have carried out the gas-gun experiment. [1]
By using a 2-stage light-gas gun, we can accelerate 3 mmg stainless-steel ball to about 6 km/s
and hit the ball to a stainless steel target without carbon contamination. We have developed
a pressured target-chamber, where 1 atm of Nitrogen gas is stored and propanol target in a
aluminum tank is set in front of the metal target. The accelerated ball penetrates into the
target-chamber through aluminum thin window and causes the collsional explosion-reaction.
[2] After the fire, produced carbon soot is carefully collected and analyzed.

From the laser-desorption time-of-flight mass spectrum (LD-TOF- MS) measurement, we
can confirm many kinds of carbon clusters (Cep, higher fullerenes etc.) in the soot. By
extracting using toluene and the
HPLC method, we could confirm
extraction of small amount of Cg o €60 !
and higher fullerenes.

From this model experiment we '
can insist that fullerenes can be
produced by the explosion-reaction
under nitrogen gas, though the scale
is much smaller than that on Titan. S
This experiment was carried out by A |
use of the ISAS/JAXA gas gun. M%L{‘ x o }
[1] T. Mieno S. Hasegawa, Abst. 33™ / A JMMMM\WWMMMWM

Fullerene-Nanotube Sympo., Fukuoka 0 G 800 1000 T a0 T e
(2007) p.53. m/Z

[2] T. Mieno & A. Yamori, Jpn. J. Appl. Fig. 1: A LD-TOD-MS spectrum of the sample by propanol
Phys., 45 (2006) 2768.

E-mail (to T. M..): piero@sannet.ne.jp.
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Energetics and Electronic Structures of Fullerenes with Vacancies

Susumu OkadaO

Center for Computational Sciences and Graduate School of Pure & Applied Sciences,
University of Tsukuba, Tennodai, Tsukuba 305-8577

Atomic imperfections in nanoscale carbon materials, such as nanotubes, fullerenes, and
nanographites, are known to play crucial role to determine their stability and electronic
properties near the Fermi level. The atomic defects (e.g. vacancies and interstitials)
induces particular electron states of which wave functions are localized near the defects
with lone pair character resulting in gap states at/near energy gap of the nanotubes.

In the present work, based on the density functional theory, we study the energetics
and electronic structures of fullerene molecules with di-vacancies. We consider the
fullerene molecules, C, where n=60, 70, 80, 90, 100, 110, 120, and 130, with five-fold
symmetry axis to elucidate the difference and the similarity between the fullerene and
carbon nanotubes. The di-vacancies introduced on the fullerenes are found to be
spontaneously repaired by forming four-, five-, seven-, and eight-member rings. Our
calculations clearly show the strong site dependence of the formation energy of the
vacancies. The di-vacancies introduced at the atomic sites those shared by a hexagon
and a pentagon give the smallest formation energy healed by two pentagons and a
heptagon. In sharp contrast, healed structures containing the four-member ring give the
largest formation energy indicating the unfavorable defect structure. On the other hand,
the di-vacancies introduced in the hexagons give the moderate energy. Further, the
energy strongly depends on the orientation of the C-C bond that is removed. Calculated
electronic structures of fullerenes with di-vacancies exhibit the correlation with the
energetics.

Corresponding Author: Susumu Okada
E-mail: sokada@comas.frsc.tsukuba.ac.jp
Fax: 029-83-5924
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Morphological Study of C¢, Thin Films for Electronic Device Application
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2 Advanced Instruments Center, Kyushu Sangyo University, Fukuoka 813-8503, Japan
SGraduate School of Faculty of Science, Tokyo University of Science, Tokyo 162-0826, Japan

Ceo thin films are expected to be applicable to many organic electronic devices [1-3].
It is well known that the morphology of Cg films influence strongly the operational
characteristics of the devices. This paper describes the result of AFM and XRD studies on
the morphological and structural properties of Ce films deposited by different conditions.
The AFM results showed that the surface roughness and the size of crystal increased
with increase in the substrate temperature for Cgo deposition (Fig.1 (a) and (b)). However,
the morphology did not depend on deposition rate within the range of 3-10 A /sec.
Post-annealing does not affect the morphology of the deposited films (Fig.1(c)). The XRD
study showed that the substrate temperature does not remarkably affect the crystallinity of the
deposited films. These results suggest that Cg should be deposited at low substrate
temperature to form the reproducibly uniform films, which are most important for device
application of Ceo.

Fig.1 AFM images of 1-um-thick Cg films deposited on quartz substrates at (a) 60°C, (b) 200°C, and (c)
annealed at 200°C for 2 hours after deposition at 60°C.

[1]T. Nishikawa, S. Kobayashi, T. Nakanowatari, T. Mitani, T. Shimoda, Y. Kubozone, G. Yamamoto, H. Ishii,
M. Niwano and Y. Iwasa, J. Appl. Phys., 97, 104509 (2005)

[2] K. Iwata, M. Yamashiro, J. Yamaguchi, M. Haemori, S. Yaginuma, Y. Matsumoto, M. Kondo and H.
Koinuma, Adv. Mater., 18, 1713 (2006)

[3] T. Nagano, M. Tsutsui, R. Nouchi, N. Kawasaki, T. Ohta, Y. Kubozono, N. Takahashi and A. Fyjiwara,,

J. Phys. Chem. C, 111, 7211 (2007)
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Helium intercalated Cg solid under high pressure
OS. Kawasaki, T. Hara, Y. Kanamori, A. Iwata

Nagoya Institute of Technology,
Gokiso, Showa, Nagoya 466-8555, Japan

High pressure and high temperature (HPHT) treatments of solid Cep (fcc-Cep), in
which Ce molecules are bound together by weak van der Waals forces, produce a
variety of polymerized Cg phases known as "fullerene polymers". Recently, we
reported [1] that Cgp molecules in peapods also polymerize by compression at room
temperature and it has been attracting much interest {2, 3]. This work indicates that Cgo
molecules are polymerized even at room temperature. In the course of the experiment to
confirm the indication we found that solid Cgy absorb He gas under high pressure.

Fig. 1 shows the lattice constant a of fcc-Cgo under high pressure determined by the
observed diffraction patterns of the two kinds of experiments (Exp-M+E and Exp-He
using the alcohol mixture and He gas as pressure transmitting medium, respectively).
The pressure dependence of the a values of Exp-M+E is in good agreement with
previous reports. On the other hand, the pressure change of the lattice constant a derived
from Exp-He is more gentle than that of Exp-M+E probably because of the penetration
of He into the Cq lattice.

[1] S. Kawasaki, et al, CPL, 418, 260, (2006). [2] M. Chorro, et al., PRB, 74, 205425
(2006). [3] M. Chorro, et al., Europhysics Lett. 79, 56003, (2007).
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Fig. 1 Lattice constant a as a function of pressure. Solid circles and open squares correspond
to Exp-M+E and Exp-He, respectively. Solid lines are fitting curves using
Birch-Murnaghan's equation of state.
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Electric double-layer capacitances of the Cg, dispersed porous carbons
OS. Mori, T. Kawashita, S. Kawasaki

Nagoya Institute of Technology,
Gokiso, Showa, Nagoya 466-8555, Japan

Electric double-layer capacitors (EDLCs) have attracted much interest as a new
energy storage system. Recently, it was reported [1] that Cgp molecules improve the
EDLC property of activated carbon fibers. However, the mechanism of the
improvement has not been clarified yet. In this study, in order to elucidate the
mechanism we have prepared several kinds of the Cq dispersed porous carbons having
different pore sizes and measured their EDLC capacitances.

Several kinds of mesoporous carbons have been prepared using mesoporous silicas
having different pore sizes as templates. Cg molecules were introduced into
mesoporous carbons by immersing them in the toluene solution of Cg. The immersed
samples were dried with direct pumping to remove the adsorbed toluene. Figs. 1 and 2
show typical examples of the N, adsorption isotherms and the cyclic voltammograms of
the pristine and Cgo dispersed mesoporous carbons. It was found that the BET surface
area of the mesoporous carbon decreases from 2039 to 842 m?/g by the Cgo doping. On
the contrary, it was found that the EDLC capacitance slightly increases by the doping.

We will also discuss the Cqy doping effect for the exfoliated graphite.

This study was supported partly by Iketani Science and Technology Foundation
and partly by Tokai Foudation for Technology.

[1] K. Okajima, et al., Electrochemica Acta, 51, 972, (2005).
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Electronic transport properties of
photo- and electron-beam-irradiated Cg

OY.Tibal,H.Tsuji', M.Ueno', N.Aoki, J.Onoe?, and Y.Ochiai'

1) Chiba University, Yayoi, Inage-Ku, Chiba 263-8522, Japan
2) Tokyo Institute of Technology, O-okayama, Meguro, Tokyo 152-8550 Japan

Since the first report on Cgy polymerization by Rao et al.," there have been many
kinds of Cgp polymerization methods. However, most of them have not examined the
electronic transport properties of Cgo polymers so far.

We have hitherto investigated the electronic transport properties of the Cep polymers
irradiated with photo- and electron-beam. In this work, the field-effect transistor (FET)
properties of photo-irradiated Cg thin films were examined and compared with those of
the electron-beam-irradiated Cg.

Figure 1 shows the FET characteristics for the photo-irradiated Cgp polymers. As
shown in Fig. 1, it was found that a current price fell by photo polymerization. When
compared to our previous report, the current values rather increased by
electron-beam-irradiation.

Figure 2 shows the SEM image of a photo-irradiated Cg thin film. As shown in Fig.
2, crazing took place in the film, which was not confirmed for pristine Cg, films. This

may make the current value reduced.
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Fig. 1, Gate characteristics

1) A.M.Rao,et al , Appl.phys.A, 64, 231 (1993).
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E-mail:ochiai@fuculty.chiba-u.ac.jp
Tel.043-290-3428, Fax.043-290-3427

—194—-



3P-45

Modification of Hole-Transport Property of Fullerene Materials
by Hydrogenation: A DFT Study on CgHy

O Ken Tokunaga ', Hiroshi Kawabata >, and Kazumi Matsushige 2

! Research and Development Center for Higher Education
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? Department of Electronic Science and Engineering, Kyoto University, Kyoto 615-8510

Fullerene derivatives are paid attention as one of the tendency to improve carbon
materials. In our previous study [1, 2], we focused on the hydrogenation of Cgo, which gives
CeoHo, and its effect on the hole-transport property. It was revealed that the hydrogenation is
a novel and convenient method for modifying the hole-transport property of Cgpo.

In the present study, this method is extended to the fullerene hydrides CgoHs. On
the basis of Marcus theory, reorganization energy (L) and hole-transfer rate constant (ky) are
calculated by density functional theory (B3LYP/6-311G(d)), assuming that the electronic
coupling (Hag) are the same as that of C¢p. Nine isomers are selected as shown in Fig. 1.

Isomer 1, the major product [3] of CeoHa, has the largest ky which is more than 3
times as large as that of Cg (See Fig. 2). Thus, CeHs has an expectation of use as
hole-transport material. It was also found that isomers with large m-conjugation tend to have
large ki (See Fig. 3), so that the hydrogenation which leaves large m-conjugation of the
original Cep is effective for the modification. It gives a clear guideline for the theoretical
design of useful materials.

Details of the calculation and analysis [4] will be presented in the symposium.
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atoms are placed at the carbon of nine CgoH, isomers. Dashed line
atoms represented by the filled shows At of the original Cqo. Filled
circles, and the other two are at  circles show those of synthesized
the carbons atoms labeled 1-9.  isomers [3].

Figure 3. HOMOs of isomers 1
and 2, and schematic illustrations
of hole-transport.

[1] K. Tokunaga, S. Ohmori, H. Kawabata, and K. Matsushige, Jpn. J. Appl. Phys., in press.

[2] K. Tokunaga, S. Ohmori, H. Kawabata, and K. Matsushige, The 33" F-NT General Symp., 2P-14 (2007).
[3] C. C. Henderson, C. M. Rohlfing, R. A. Assink, and P. A. Cahill, Angew. Chem. Int. Ed. Engl., 33 (1994).
[4] K. Tokunaga, T. Sato, and K. Tanaka, J. Chem. Phys., 124, 154303 (2006).
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Fabrication of C60MC12 Films for Solution-Processed
n-type Organic Thin Film Transistors
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Photonics Research Institute, National Institute of Advanced Industrial Science and
Technology (AIST), Central 5, 1-1-1 Higashi, Tsukuba, Ibaraki 305-8565, Japan

We have reported high performance solution-processed n-type organic thin film
transistors (TFTs) employing Cgo-fused N-methylpyrrolidine-meta-C12 phenyl
[C60MC12, see Fig.1 (a)] [1-2]. Generally, hydrophobic treatment on a gate insulator is
effective for fabrication of a high performance organic thin-film transistor, since the
surface treatment decreases electron trap sites and improves film crystallinity of an
organic semiconductor on a gate insulator. However, uniform film fabrication on a
hydrophobic surface is difficult compared to that on a hydrophilic surface by solution
process, as a hydrophobic surface tends to shed organic solvents. In this study, we
examine hydrophilic/hydrophobic patterning of the surface on an insulating layer as
shown in Fig.1 (b), aiming at fabrication of uniform and high crystalline films on a
hydrophobic surface.

The substrates with hydrophobic surface were prepared by hexamethyldisilazane
(HMDS) treatment of highly doped silicon wafers covered with SiO,. The local
hydrophilic surface was formed by vacuum deposition of SiOy using a shadow mask.
Thin films of C60MC12 were fabricated by spin coating from a chloroform solution.
Source and drain gold electrodes were deposited on the film. The TFT characteristics
were measured at room temperature. The all ®) _
processes after vacuum deposition of SiOy were -
carried out under an inert atmosphere. i

Uniform C60MCI12 films were easily formed
by surrounding the hydrophobic part with a
hydrophilic part. Moreover, various spin coating
conditions were applied. As a result, the electron

Fig.1. (a) Molecular structure of C6OOMC12
and (b) schematic view of the substrate

Table 1. FET characteristics of the device

mobility and ON/OFF ratio were enhanced by ~wiiine ime(s)  Mobility cm’/Vs)  ON/OFF

waiting before spinning the substrate as shown in 0 0.037 >107

.. 30 0.078 >10
Table 1. The enhancement is interpreted by 45 0.102 >10°
improvement of C60MC12 film crystallinity. 60 0.085 >10°

This study was partly supported by Industrial Technology Research Grant Program from New Energy
and Industrial Technology Development Organization (NEDO) of Japan.

[1] M. Chikamatsu et al., Appl. Phys. Lett. 87, 203504 (2005).

[2] M. Chikamatsu et al., J. Photoch. Photobio. A 182, 245 (2006).
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High Performance N-Type Organic Thin-Film Transistors Based on
Soluble Cg, Derivatives

OM. Chikamatsu, A. Itakura, K. Sakaguchi, Y. Yoshida, R. Azumi, K. Yase

Photonics Research Institute, National Institute of Advanced Industrial Science and
Technology (AIST), Central 5, 1-1-1 Higashi, Tsukuba, Ibaraki 305-8565, Japan

We have reported that a solution-processed organic thin-film transistor (TFT) based
on a perfluorooctyl substituted Ceso derivative, C60-fused
N-methylpyrrolidine-para-perfluorooctyl phenyl (C60PC8F17), shows high electron
mobility of 0.07 cm?*/Vs and air-stability [1]. In this study, we have newly synthesized a
long-chain perfluoroalkyl-substituted Ceo derivative, C60-fused
N-methylpyrrolidine-para-perfluorododecyl phenyl (C60PC12F25), and fabricated the
organic TFTs by solution process. Films of Cgy derivatives were fabricated on highly
doped silicon wafers covered with SiO, by

spin coating from chloroform solution
C60PC8F17 (n=8)

C60PC12F25 (n=12)

under ambient condition. Source and drain

gold electrodes were deposited on the films.

The TFT characteristics were measured
Table 1. Electron mobilities of the TFTs

both in a vacuum and in air at room

Mobility ( cm?/Vs)
temperature. Vacuum Air (after 24h)
o ) PCBM 0.02 -
The C60PCI12F25-TFT exhibited high C60PC8F17 0.07 0.004
C60PC12F25 0.24 0.05

electron mobility of 0.24 cm?*Vs in a
vacuum. After exposure to air for 24 hours the C60PC12F25-TFT showed good
n-channel characteristics, whereas the TFTs employing Ceg derivatives with a
hydrocarbon chain did not operate under the same condition. The field-effect electron
mobility is calculated to be 0.05 cm?/Vs. This value is higher than that of
C60PC8F17-TFT (0.004 cm?/Vs). We will discuss correlation of film structures and
TFT performance using different perfluoroalkyl chain-length compounds.

This study was partly supported by Industrial Technology Research Grant Program from New Energy and
Industrial Technology Development Organization (NEDO) of Japan.

[1] M. Chikamatsu et al., The 33" Fullerene-Nanotubes General Symposium, 2P-13 (2007).
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Effect of Free Electron Laser Irradiation
on Pressed Cq, Powder at the Order of GPa

(ONobuyuki Iwata, Shingo Ando, Ryo Nokariya, Yasunari lio and Hiroshi Yamamoto

College of Science & Technology, Nihon University
7-24-1 Narashinodai, Funabashi-shi, Chiba 274-8501, Japan.

The aim of our study is to synthesize the amorphous Cey polymer bulk by irradiating free
electron laser (FEL). Characteristics of FEL were tunable wavelength (0.3~6um) and few
tens microsecond macro-pulse, which included few hundreds picosecond micro-pulse.
Distinctive particles, which were Cgy polymer demonstrated by Raman spectrum, was
obtained with approximately Sum in diameter irradiating 3rd harmonics FEL 450 or 500 nm
for four hours. It was possible to enlarge the size dissolving those particles in toluene and
evaporating it to be approximately 0.1 mm-order. However, the size of polymer particle was
limited to a few pum in diameter just after the FEL irradiation, although the irradiation
diameter was 7mm([1]. In this report, we clarified the reason of the limitation

In this experiment, we used a unique anvil, the cross sectional view of which is a saw.
The Cso powder around the top of the saw is expected to be pressed at the order of GPa. The
Ceo powder (99.5%) was pressed and FEL was irradiated (fundamental energy density was
5.5mJ/Pulse*cm?) in vacuum after annealed at 70°C

Figure 1 shows a typical Raman spectrum detected from the white line middle in the inset
optical microscope (OM) image of the sample surface. The white line was the arca pressed
with the order of GPa. The intensity of the intrinsic 4g(2) mode at 1469 ¢m™ decreased
extremely and the peak at 1455 c¢m™ appeared, indicating the polymerization. The similar
OM image, meaning white line, was obtained just
after pressing Cgo powder without FEL irradiation.
However observed peak was only intrinsic Ag(2)
mode. At the other area except for white line,
the Ag(2) mode was clearly observed at 1469

cm”.  These results revealed that the most

Intensity [a.u.]

important key to produce polymer by irradiating
the FEL was to press it at the order of GPa.

0 T T T T -
. R . 1380 1400 1420 1440 1460 1480
From the width of the white line, calculated Wavenumber [cm’']

pressure was 7GPa. Figure 1. A Raman spectrum and an

optical microscope image are illustrated.

[1] The 33rd Fullerene-Nanotubes General Symposium 2P-15 The 500 nm FEL was irradiated.
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Ceo Crystal Growth and Free Electron Laser Irradiation Effect
on Pressed Cg, Powder in Solution

OYasunari Tio, Shingo Ando, Ryo Nokariya, Nobuyuki Iwata and Hiroshi Yamamoto

College of Science & Technology, Nihon University
7-24-1 Narashinodai, Funabashi-shi Chiba, Japan 274-8501

The aim of our study is to synthesize amorphous Cgo bulk crystal with free electron
laser (FEL) irradiation. In the last report we reported that polymerization degree of
pillar Ceo crystal made by liquid-liquid interfacial precipitation (LLIP) method with
m-xylene/IPA was higher than that of Cg precipitate on the bottom in the supersaturated
m-xylene from the result of Raman spectrum[1]. It is noted that the key for
polymerization is shorter distance between Cg¢y molecules in a pillar Cgp crystal. By
the way, the shape of Cgy crystal strongly depends on solvent. In this report, Ceo
" crystals were grown on substrate just by evaporating solvent, toluene, m-, o-, and
p-xylene, from supersaturated solutions to obtain the shorter distance in crystal. The
shorter distance was also obtained in a pressed Cqp powder.

Glass substrate (approximately 10X 10mm?”) was just immersed in the supersaturated
solution and then evaporating the solvent at 12°C. The glass bottle filled with the
solution and the substrate was tilted with 60° from the so-called z-axis, normal to the
ground.

Figure 1 is an optical microscope image of Ceo
crystal from the toluene supersaturated solution.
The rectangular crystals with the size of mm-order
were obtained. Needle-shaped grains with 10um
in diameter and Imm in length from m-xylene
supersaturated solution were obtained. Raman

spectra showed that the crystal was Cgp monomer.

The crystal growth with different solvent and by

LLIP method, and the FEL irradiation will be also ~ Fig1 : Optical microscope image of
discussed. the solution-grown Ceo with toluene.

[1] The 33rd Fullerene-Nanotubes General Symposium 2P-15
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Magnetic Properties of superconducting sodium fulleride Na,Cg
oNozomu Kimata, Satoshi Heguri, and Mototada Kobayashi

Department of Material Science, Graduate School of Material Science,
University of Hyogo, Ako, Hyogo 678-1297, Japan

The structure and physical properties of sodium fullerides Na,C¢ are very interesting
because they are different from those of other alkali-doped Ceo. Since the Na' ion has a small
1onic radius, NayCgo with large x value can be expected. Yildirim ef al. reported the synthesis
of Nag 7Cg with a face-centered cubic (fcc) structure and suggested the Na-saturated phase to
be Naj;;Cso [1]. We reported structure, magnetic susceptibility and superconductivity for
Na,Cgo at the last Symposium. Here we report physical properties of NayCg, mainly on
magnetic properties.

Sodium doped fullerides were prepared from sublimed Cgy powder with 99.95% purity
(MTR Ltd.) and Na metal. The mixture of degassed Ceo and Na metal was encapsulated into
a stainless steel tube and sealed into a Pyrex grass tube after evacuating. Thermal treatments
in a furnace were carried out at 573K for 672 hours. The molar composition x of products
were determined by weight uptake measurement. We succeeded in prepareing the samples
with up to 11.

Figure 1 shows the applied magnetic field dependence of the molar magnetization for
superconducting Nag»Cgo by using SQUID magnetometer. Critical magnetic field of Nag ,Cgo
are H¢=1.6mT, H,=2.5T at 2K and H,=1.0mT, H,=1.6T at 8K. Ginzburg-Landau
parameter estimates « =13.

Details will be discussed at the meeting,
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Fig.1 Applied magnetic field dependence

of molar magnetization for Nag>Cso.

[1] T.Yildirim, O.Zhou, J.E.Fischer, N.Bykovetz, R.A.Strongin, M.A.Cichy, A.B.Smith HI, C.L.Lin and
R.Jelinek, Nature, 360, 568(1992).
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1P-24, 2P-36
2P-6

2P-16
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3P-36
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1P-19, 1P-35
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3P-46, 3P-47
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Solin, Niclas 2-9, 2P-50 Tobita, Hiromi 2P-33
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Suzuki, Hirotaka 1-13 Tsuji, Hajime 3P-44
Suzuki, Masahiro 1P-23 Tsuji, Masaharu 1P-10
Suzuki, Satoru 2pP-27, 3-2, 3P-21 Tsuji, Yoshiko 1-12
Suzuki, Shinzo 1P-3, 2-3, 2P-9 Tsuruoka, Yasuhiro 2P-10, 3-1
Suzuki, Shogo 1P-8
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Uchida, Katsumi 3P-4, 3P-16, 3P-18

~T~ Uchida, Takashi 3P-2
Tachibana, Masaru 1-18, 3P-33 Ueda, Kazuyuki 1P-7, 2-10
Tagmatarchis, Nikos 3S-5 Ueno, Misaki 3P-44
Tahara, Shuichi 35-7 Umemoto, Hisashi 1P-33, 2-1, 2-2
Taira, Y. 1P-26 Umeno, Masayoshi 2P-12
Takagi, Daisuke 3-2 Uo, Motohiro 1P-17
Takamori, Hisayoshi 1P-15 Urata, Keisuke 2P-9, 3-1
Takano, Yoshihiko 1-7 Usui, Shinji 2P-34
Takikawa, Hirofumi 1P-48, 3P-35
Tamura, N. 1P-26 ~W~
Tanaike, Osamu 2P-15, 3P-33 Wada, Yoriko 2P-39
Tanaka, Kei 2-10 Waelchli, Markus 1P-31, 2-4
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Watanabe, Shu
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Werz, Daniel B.
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1P-30, 1P-31, 2-4, 2-14,

2P-2
1P-15
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3P-4, 3P-16, 3P-18
3P-29
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1P-2, 3P-32
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2P-33
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3P-21
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Yanai, Takayuki
Yase, Kiyoshi
Yasuda, Satoshi
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Yokoo, Kuniyoshi
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Yokoyama, Atsuro
Yokoyama, Daisuke
Yoshida, Hiromichi
Yoshida, Hiroshi
Yoshida, Yuji
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Yoshimura, Masamichi
Yoshimura, Toshiaki
Yoshitake, Tsutomu
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Yoza, Kenji
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Yumura, Motoo
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2P-49

1P-45, 1P-49
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i M 18713053 (TR - 45 R

B oM B Fi—J1AKH-YE5m

#t ¥1:1%SDSEELD,0ITBASE -
CNT (20~25mg/1)

V5| FASCH#K : Band Gap Fluorescence from
Individual Single-Walled Carbon Nanotubes, Michael
J. O’Connel ], et al.,Science,vol.297,593-596 (2002).
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[E#53EE : 100,000rpm
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1. 72—L2iEEY (C60:70% C70:25% High Fullerene:5%) email: fulen@matsubo.co.jp
2. 75—L2C60 )
fEE >99% AR KIBHEDEENDIS—LY-F/Fa—T%
>99.5% CHELEDEEFA—H—IHEHhEEIDT
>99.98% HELMTTILY,
Sublimed
3. 75—L>C70 *C60, TONHE FHPLCIZLYBIEShTWET,
fhipE >99%
>99%
>99.5%
Sublimed

4. SWH/Fa1i—T(20-40% yO—XKFITUK

SWH/Fa—TJ(B0%-70% 2O—XRFIUK

6. SWFH/Fa1—T(70~80%)
50~60% A —T IR

7. MWFH/Fa1—705%) /a—XFIUR

8. MWF/F1—T(70~80%)
50~60% M4+ —T T UK

9. MWF/Fa1—T(85~90%)
5% EMNA—T TR

*High Fullerenes 95%

C76

C78

C84>95%

C6099.9%(OH)n n=22-26

C6099.9%(OH)n n=22-26

N

*Bucky Ferrocene—molecular hybrid C60 w/ Ferrocene
{n’—~(CsHy),Fe}  *C60

*Bucky Cobaltocene—ionic hybrid C60 w/ Cobaltocene

(n°—C3H,),Co™*C60

*Complex C60 w/ Pt: (h2-C60)Pt(PPh,),

*Complex C60 w/ Fe: (h2-C60)Fe(Co),

*Complex C60 w/ Ni: C60 (h3—CgzH;)Ni(h5—C5H;),

*Mixture of isomers C60F36

*20—-30%C13enrichedC60=99.0%

*Higher Order Mixed Fullerenes(C76,78,84)
*New Endohedral Metallofullerene Gd@C82
*Halogenated Fullerenes

1.C60Br24
2.C60C16
3.C60Br8Br2

(w/Aminocapronic(A) and w/Aminobutyric(B) acids)w/unique solubility in water
(50mg/mi)

(A)CB0(H)NH(CH,);COO NA"
(B)C60(H)NH(CH,);COO NA"
*PCBM(6,6-Phenyl-C61-Butyl acid-Methylester)
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ELIONIX . Electron Probe
| Surfaoe Roughnes:

3 EM. Syyay SRS TR E
ERA 8900FE
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EMEESIC BV THEMIC SR RET
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enanotechnik

for Electron microscope

Micromanipulator
Linear table

4mm3A on L T12830

Semiconductor/MEMS/NEWS Material science

® Electrical probing e Manipulation

® Failure analysis e Electrical/Mechanical/ characterisation
® IC test&repair e Microinjection in ESEM

o TEM samplepreparation e Force measurement

® eBeam lithography e Nanoindentation

¢ Cell counting e STEM

® Scanning probe microscopy
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T/HFOREA HPLC A7 4 LTLOIRHS
so e =R F/Fa—7(CNT). £BIOSRHIF---

B Ffon SEPAX #2532 ) R R A —KLF ) Fa2—TRAH54 CNTSEC

X, Fa—20RECFIRE: - - IR T/ Fa—THERTINSELS L

Yo TEEINEN-Rot/ Fa—72% RS/ BECHRT SEORRINTFLTT,

* FIREIE. SEPAX #HAORWIC & URAMIZELTHL. ABLINEN—RL+/Fa—
2HNFO0RCRELFEA. (BRARE 95%KE)

* =Rt/ Fa—208S BECHUT. 4BROBILEZOTRA (300~2000A) KA
BINTIET, T, MILAL (BB ng LAIL) DSHI - BBLAIL (Kmo FEiFEN
RE) FThIFLORE (46~212mm), B (30~250mm) GERESITIET,

ol l>3 d >
wR HFLEE HLE ##& ONT 94 X ssDNA THELE N — R F ) Fa—T
CNT SEC-300 | 300A 5 10um | £ 1~100um, BE 1~5mm (AFM i, Dr.Ming Zheng et al, Science 2004)
CNT SEC-500 | 500A 5. 104m £EY 25~250nm. EfE 1~10nm

CNT SEC-1000 | 1000A 5. 10¢m E£X 100~500nm. EE 1~25nm
CNT SEC-2000 | 2000A 5. 10um £&  300~1000nm. BEZE 1~50nm

ssDNA 124 D AL = 117 DNA-wrapped CNT % Sepax #: CNT SEC-300. CNT SEC-1000, CNT SEC-2000. (%
4.6x250 mm, 5mm)® 3 KEEIT L D O8E - /T B EHESE.0.1 M Tris + 0.2 M NaCi, pH 7.0, #3#:0.25mL/min)
(Huang et al, Anal Chem. 2005,77,6225)
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