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Nanomaterials 2 acoricn

An n-channel organic semiconductor. For use as an n-type layer in organic photovoltaic devices.
Soluble in CCl,, 1,2-dichlorobenzene, CS,, toluene, xylenes.

<Reference>
Frisbie, C.D ; et. al. Chem. Mater. 16, 4436, (2004) Anthopoulos, T.D.; et. al., Adv. Mater. 16, 2174, (2004)

Hlaririateilnle for

F/REOBIERT | o
EfZ 110-170 nm Ibsh5y U A—R
K& 5-9 um TEET,
Ny Fe: <0.1% www.sigma-aldrich.co.jp/
aldrich/nanopowder/

Single-walled Nanctubes

Single-walled - carbon nanotubes, polyaminobenzenesulfonic

5 i . * " &
Single-walled carbon nanotubes, octadecylamine functionalized acid functionalized ®

65,248-2 10mg ¥40,000 63,923-0 50mg ¥41,300
SWNT #lifE 80 -90 % SWNT #lifs 70-85%9
(=K 2-8nm RII—ESEE 65 wt.%
R 500 ~ 1000 nm, bundles RUT—EHHFE  Mw 400-600
ODAEEE 30 -~ 40 wt.% B 1.1 nm
tEEEE 4% B& 500 — 1000 nm
R THF, 1,2-Dichiorobenzene, CS, 21 mg/ml BB H,0 = 5.0 mg/mi, DMF = 0.1 mg/m,

RotEy, MLy SRRV AICEESE

Ethanol = 0.05 mg/ml

b) Zhao, B. et al. Adv. Funct. Mater. 2004, 14, No. 1, 71-76.

a) Niyogi, S. stal. Accfs. Chem. Res. 2002, 35, 1105. Zhao, B. et al. J. Am. Chem. Soc. 2008, 127, 8197.

¢) Carbonaceous purity as determined by Nano. Lett,, 2003, 3(3), 309-314.

Single-walled carbon nanotubes, polyethyleneglycol functionalized Single-walled carbon nanotubes

65,247-4 10mg ¥40,000 65,251-2 250mg ¥46,600; 1g ¥151,200
SWNT #iE 90+ %
SWNT # 80— 90 %
BR i 4-5 ’ ER 0.8—1.6nm
* n B <0.5um
& 500 - 600 hm, bundles ~ M
Rye—aHE 30 Wt.% ] ,
RUT—FHATFE  Mw 840-10,000,000 51 ’933\,8,\# -~ ggo_”;%f; 3,200; 1g ¥41,700
®BERE 6% ER 12-15nm
BT H>0 = 5.0 mg/ml Ex 2-5um
Single-walled carbon nanotubes, carboxylic acid functionalized 63,679-7 250mg ¥28,600; 1g ¥89,000
SWNT #ifE 50+ %
65,249-0 250mg ¥44,400: 1g ¥144,000 EE 1-2nm
SWNT fiifE 80-90% X 0.5~ 100 pm
EE 4-5nm
Ex 500 — 1500 nm, bundles 58,970-5 1g ¥23,100; 5g ¥88,300
IVKRUBREEE 3-6 atomic% SWNT #ifE 12+ %
LESHE 5-10 % EE 0.9-1.2nm
Bt DMF = 1.0 mg/ml, H,0 = 0.1 mg/mi ’e 10-30 pm

A58 http://www.sigma-aldrich.co.jp/aldrich/MS/Z» 5
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1-6 Single walled carbon nanotube analysis: Rapid, robust acquisition and simulation of quantum and chiral maps
to ease structural assignments. (OAdam M. Gilmore, Ray K. Kaminsky, James M. Mattheis
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January 7th, Sat

Plenary Lecture : 35 min (Presentation) +5 min (discussion)
Special lecture : 25 min (Presentation) + 5 min (discussion)
General lecture : 10 min (Presentation) + 5 min (discussion)

Poster preview : 1 min (Presentation), no discussion

Opening Ceremony (9 : 00-9 : 05)  Hisanori Shinohara

Plenary Lecture (9 : 05-9 : 50)

1S-1  Recent Progress in Nano-Carbon Research Eiji Osawa

General lecture (9 : 50-10 : 35)

Properties of Nanotubes

1-1 Photoluminescence mapping of various (n, m) nanotubes by cross-polarized light
OVYuhei Miyauchi, Mototeru Oba, Shigeo Maruyama

1-2 Family pattern of photoluminescence and Raman intensity of single wall carbon nanotubes
OR. Saito, J. Jiang, K. Sato, Y. Oyama
1-3 Nanoscale uniaxial pressure eftect of carbon nanotubes on the Raman spectra

OTaka-aki Yano, Yasushi Inouye, Satoshi Kawata

Yryr e Yo Yy Coffee Break (10 : 35-10 : 50) Yeyrsevevesx

General lecture (10 : 50-12 : 05)
Properties of Nanotubes
14 Chirality-dependent environmental effect on photoluminescence of SWNTs
OShinya Iwasaki, Yutaka Ohno, Yoichi Murakami, Shigeru Kishimoto, Shigeo Maruyama, Takashi Mizutani

1-5 Mid-gap luminescence centers in single-wall carbon nanotubes created by UV illumination
OKonstantin Iakoubovskii, Nobutsugu Minami, Yeji Kim, Kanae Miyashita, Said Kazaoui, Balakrishnan Nalini

1-6 Single walled carbon nanotube analysis : Rapid, robust acquisition and simulation of quantum and chiral maps to ease
structural assignments.  OAdam M. Gilmore, Ray K. Kaminsky, James M. Mattheis

1-7 Third-order Nonlinear Optical Response and Relaxation Dynamics in Double-Walled Carbon Nanotubes
QOArao Nakamura, Takako Tomikawa, Sadanobu Imamura, Miki Watanabe, Yasushi Hamanaka, Yahachi Saito, Hiroki Ago

1-8 Effects of Gravity on SWCNT Dissipative Structures Induced by DC Electric Field = Syuichi Sato, OMasahito Sano

ey Y Ye e ye Lunch Time (12 : 05-13 : 20) Yryrieyedese

Special lecture (13 : 20-13 : 50)

1S-2  Ultrafast optical nonlinearity in single-walled carbon nanotubes Hiroshi Okamoto

General lecture (13 : 50-14 : 35)

Properties of Nanotubes

19 Mechanical Characteristics of High-Density and Well-Aligned Carbon Nanotubes on SiC
OMichiko Kusunoki, Hatsuhiko Usami, Daisuke Igimi, Koji Miyake

1-10  Electronic structures of the interface between carbon nanotubes and titanium electrodes measured by hard x-ray
photoemission spectroscopy  ODaiyu Kondo, Mizuhisa Nihei, Akio Kawabata, Shintaro Sato, Eiji Ikenaga,
Masaaki Kobata, Jung-Jin Kim, Keisuke Kobayashi, Satoshi Komiya, Yuji Awano

1-11  Vibration analysis of carbon nanotube cantilevers (OSeiji Akita, Sintaro Sawaya, Yoshikazu Nakayama

Yoo e veyy Coffee Break (14 : 35-14 : 50) Yeyrivyvsoix

General lecture (14 : 50-16 : 05)
Endohedral Nanotubes
1-12  First-principles calculations of the radial breathing mode of peapods OSusumu Okada

1-13  Synthesis and electronic properties of Fe-filled single-walled carbon nanotubes
(OYongfeng Li, Rikizo Hatakeyama, Toshiro Kaneko, Takeshi Izumida, Takeru Okada, Toshiaki Kato
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January 7th, Sat

1-14  Optical Properties of /3 -carotene inside Single-Walled Carbon Nanotubes
OKazuhiro Yanagi, Yasumitsu Miyata, Hiromichi Kataura

Nanohorns

1-15  Cap effects of Gd acetate on nanohorn holes

ORyota Yuge, Jin Miyawaki, Masako Yudasaka, Yoshimi kubo, Eiichi Nakamura, Hiroyuki Isobe, Hideki Yorimitsu,
Sumio ITijima

Miscellaneous : Carbon Nanofibers

1-16

Formation of Carbon Nanofibers Having an Array of Conical Nano Cavities and Snapping at Their Nodes
(OAkira Koshio, Yuta Takemura, Fumio Kokai

Poster preview (16 : 05-16 : 55)
Poster session (16 : 55-18 : 25)

Chemistry of Fullerenes

1P-1  Fabrication and Properties of Self-assembled Monolayers modified with Cgo-derivative Fixed on Gold Nanoparticles
ONoriaki Ikeda, Chyongjin Pac, Hiroshi Moriyama
1P-2  Electrochemistry of an Open-Cage Cq, Embedded in a Film on an Electrode in an Aqueous Media
OMasaharu Komatsu, Kenichi Watanabe, Ayumi Ishibashi, Yasuro Niidome, Michihisa Murata, Yasujiro Murata,
Koichi Komatsu, and Naotoshi Nakashima
1P-3  Synthesis and Properties of a New Cg-TTP Hybrid System (OTakahiro Ikeuchi, Hisakazu Miyamoto, Yohji Misaki
1P-4  Synthesis and Photophysical Properties of [60]Fullerene Adducts Carrying Oligocarbazole Moieties
QTukashi Konno, Yosuke Nakamura, Satoru Watanabe, Masato Suzuki, Jun Nishimura
1P-5  Confirmation of Chemical Modification of Carbon Nanotubes Using Gold Particles as Reaction Indicator
OHiroaki Azehara, Yuka Kasanuma, Takaharu Okajima, Tadashi Fujieda, Toshio Yasuda, Motoyuki Hirooka,
Kishio Hidaka, Mitsuo Hayashibara, Hiroshi Tokumoto
1P-6  Fullerene Derivatives Bound to Oxygen - Synthesis, Photophysical behavior, and Generation of Singlet Oxygen
OTakeshi Honma, Takumi Hara, Yusuke Tajima, Mikio Hoshino, Shiro Matsumoto, Kazuo Takeuchi
1P-7  Organofullerenes Highly Soluble in Polar Solvents (OKiminori Kawakami, Jun Enda
1P-8  Organic and Organometallic Derivatives of Dihydrogen-encapsulated [60]Fullerene
OYutaka Matsuo, Hiroyuki Isobe, Takatsugu Tanaka, Yasujiro Murata, Michihisa Murata, Koichi Komatsu, Eiichi Nakamura
Metallofullerenes
1P-9  Tonization and Chemical Functionalization of Gd@Cg,
OTakayoshi Kono, Yoichiro Matsunaga, Tsukasa Nakahodo, Takahiro Tsuchiya, Takatsugu Wakahara, Yutaka Maeda,
Takeshi Akasaka, Shingo Okubo, Tatsuhisa Kato, Naomi Mizorogi, Kaoru Kobayashi, Shigeru Nagase
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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)
25-3  Subnanometer Diameter Nanowires and Nanotubes in the ternary molybdenum-chalcogen-halogen system
(OAles Mrzel, Dragan Mihailovié, Maja Remskar, Abdou Hassaien, Hiromichi Kataura

General lecture (9 : 30-10 : 15)

Metallofullerenes

2-1 Structural Determination of Sc,Cy,  OYuko liduka, Takatsugu Wakahara, Tsukasa Nakahodo, Takahiro Tsuchiya,
Akihiro Sakuraba, Yutaka Maeda, Takeshi Akasaka, Kenji Yoza, Ernst Horn, Tatsuhisa Kato, Michael T. H. Liu,
Naomi Mizorogi, Kaoru Kobayashi, Shigeru Nagase

2-2 Spin-Transfer System under Equilibrium Constructed from Endohedral Metallofullerenes and Organic Donors
OKumiko Sato, Takahiro Tsuchiya, Takatsugu Wakahara, Yutaka Maeda, Tsukasa Nakahodo, Takeshi Akasaka,
Tatsuhisa Kato, Kei Ohkubo, Shunichi Fukuzumi, Naomi Mizorogi, Kaoru Kobayashi, Shigeru Nagase

23 C NMR Study of CeLa@Cy, Anion
OTomohito Komaki, Takeshi Kodama, Yoko Mivyake, Shinzo Suzuki, Koichi Kikuchi, Yohji Achiba

T Yo ey Coffee Break (10 : 15-10 : 30) Yorikvrivikye

General lecture (10 : 30-11 : 15)

Metallofullerenes

2-4 Element Specific Magnetization Measurements of Er Metallofullerenes by Soft X-ray Magnetic Circular Dichroism
(SXMCD) OHaruya Okimoto, Tetsuya Nakamura, Ryo Kitaura, Takayuki Yamada, Yutaka Kitamura,
Tomohito Matsushita, Takayuki Muro, Takashi Inoue, Toshiki Sugai, Susumu Nanao, Hisanori Shinohara

2-5 The Ultraviolet Photoelectron spectra of Ti,C,@Cy, (OMasayuki Kato, Kentaro Iwasaki, Shojun Hino,
Daisuke Yoshimura, Hiroe Moribe, Haruya Okimoto, Yasuhiro Ito, Toshiki Sugai, Hisanori Shinohara

2-6 Fluorescence switching in Er@Cy, by solvent-induced electron transfer (OShingo Okubo, Toshiya Okazaki, Sumio Iijima

General lecture (11 : 15-12 : 00)

Chemistry of Fullerenes

2-7 Single Electron Transfer from Aliphatic Amines with [60]Fullerene at the Ground State and Facile Synthesis of
Tetraaminofullerene Epoxide OTakatsugu Tanaka, Waka Nakanishi, Loic Lemiégre, Hiroyuki Isobe, Eiichi Nakamura

2-8 Synthesis of Fullerene C,, Encapsulating Molecular Hydrogen
OYasujiro Murata, Shuhei Maeda, Michihisa Murata, Koichi Komatsu

29 Control of Decomposition of Acrylic Polymers by dispersing Fullerene-derivatives
OTomoya Yamashiki, Yusuke Tajima, Toshihiko Sakurai, Ryoko Shimada, Hiroki Osedo

Yee¥edeveys Lunch Time (12 : 00-13 : 20) Yoyodededox
Awards Ceremony (13 : 20-13 : 50)

Special lecture (13 : 50-14 : 20)

2S-4  Japan's Town Factories are World's Treasure -What they can and cannot make in China-  Hisayosi Hashimoto

General lecture (14 : 20-15 : 05)

Carbon Nanoparticles
2-10  Quantitative analysis of detonation nanodiamonds with X-ray diffraction
Naoki Komatsu, ONaoki Kadota, Takahide Kimura, Eiji Osawa

2-11  Separation and Characterization of Polyyne Molecules in Solution
OTomonari Wakabayashi, Tatsuya Doi, Rui Umeda, Motohiro Sonoda, Yoshito Tobe

2-12  Matrix Effects on the Transformation of Nanodiamonds to Nano-Onions
OMasaki Ozawa, Masayasu Inakuma, Makoto Takahashi, Eiji Osawa
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YT Yrveye Coffee Break (15 : 05-15 : 20) Yevose vy

General lecture (15 : 20-15 : 50)
Fullerene Solids

2-13

2-14

Crystal Structures of Discrete Cg, Fullerides Stabilized by Appropriate Triphenylmethane Cations
OTakahito Sugiura, Eiji Osawa, Hiroshi Moriyama

Polymerization of Cg, Molecules Induced by Hole / Electron Injection from a Scanning Tunneling Microscope Tip
ORyo Nouchi, Kosuke Masunari, Toshio Ohta, Yoshihiro Kubozono

Poster preview (15 : 50-16 : 40)
Poster session (16 : 40-18 : 10)

Chemistry of Fullerenes

2P-1  Trapping of S-Heterocyclic Carbene with Cy, Probe Technique
OHidefumi Nikawa, Tsukasa Nakahodo, Takahiro Tsuchiya, Takatsugu Wakahara, G. M. Aminur Rahman,
Takeshi Akasaka, Yutaka Maeda, Michael T. H. Liu, Akira Meguro, Soichiro Kyushin, Hideyuki Matsumoto,
Naomi Mizorogi, Shigeru Nagase
2P-2  Regioselective Synthesis and Structure of Hepta(organo)[60]fullerene-Transition Metal Complexes
OTakeshi Fujita, Yutaka Matsuo, Eiichi Nakamura
2P-3  Kinetics of 1,3-Dipolar Cycloaddition of Diaryldiazomethanes with Fullerenes Cg and Cy,
O#Hiroshi Kitamura, Nozomu Seike, Taijiro Higashi, Ken Kokubo, Takumi Oshima
2P-4  Diastereoselective Complexation of Chiral Diphosphine and Ruthenium-Pentaorgano[60]jfullerene
OVuichi Mitani, Yutaka Matsuo, Yu-Wu Zhong, Eiichi Nakamura
2P-5  Application of Cg-based amine-labeling reagents to MALDI-TOF MS analysis
OHiroki Tsumoto, Katsumasa Takahashi, Kohfuku Kohda, Takayoshi Suzuki, Hidehiko Nakagawa, Naoki Miyata
2P-6  Mechanism of mechanochemical hydroxylation of fullerene
Olakahiro Kubo, Eitaro Matsui, Hiroto Watanabe, Mamoru Senna
2P-7  Effects of pressure and temperature on the solubility of C,, in n-hexane (OShinichi Okada, Seiji Sawamura
2P-8  Synthesis and Reactions of Novel Methano[60]fullerenes OTomoyuki Tada, Yasuhiro Ishida, Kazuhiko Saigo
Metallofullerenes
2P-9  Recent progress of powder diffraction study of endohedral metallofullerene at SPring-8
OEiji Nishibori, Ikuya Terauchi, Masayuki Ishihara, Makoto Sakata, Masaki Takata, Yasuhiro Ito, Hisashi Umemoto,
Hiroe Moribe, Takashi Inoue, Hisanori Shinohara
2P-10 Synthesis of LaNd@C,, and Fluorescence Measurement of Nd-metallofullerenes
(ONaomi Murata, Takeshi Kodama, Yoko Miyake, Shinzo Suzuki, Koichi Kikuchi, Yohji Achiba
2P-11 Reactivity of La,@C,, toward 2-Admantane-2,3-Diazirine : Structure Determination of Monoadduct La, @C,¢-(Ad)(T)
(OBaopeng Cao, Tsukasa Nakahodo, Takatsugu Wakahara, Takahiro Tsuchiya, Kaoru Kobayashi, Shigeru Nagase,
Takeshi Akasaka
2P-12 Radical Reaction of La@Cy, in Toluene ‘
OVYuta Takano, Akinori Yomogita, Takatsugu Wakahara, Takahiro Tsuchiya, Tsukasa Nakahodo, Yutaka Maeda,
Takeshi Akasaka, Tatsuhisa Kato, Naomi Mizorogi, Shigeru Nagase
2P-13  Structure and Properties of pure H,@Cy,

OMisaho Akada, Katsumi Tanigaki, Yasujiro Murata, Koichi Komatsu, Toru Kakiuchi, Hiroshi Sawa

Fullerene Solids

2P-14
2P-15
2P-16

2P-17

Structure of Fullerene Nanowhiskers (I) OSatoru Tsuchida , Satoru Motohashi and Hironori Ogata
Synthesis and structural investigation of fulleroid nanowhiskers OSatoru Motohashi, Satoru Tsuchida, Hironori Ogata

Photo-carrier generation and its transport process in pristine Cq, single crystals
ORyota Tanaka, Tkuko Akimoto, Ken-ichi Kan’ no

Fabrication and Electrical Properties of FET devices Based on Cg, Nano-Whiskers
OKenichi Ogawa, Asato Ikegami, Hajime Tsuji, Tomohiro Kato, Nobuyuki Aoki, Kenji Adachi, Sadahiro lida, Yuichi Ochiai
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Carbon Nanoparticles

2P-18 Deposition of platinum nano particles on carbon nanohorn particles by electrochemistry and their magnetism
OMotohiro Sugaya, Takayuki Inagaki, Masako Yudasaka, Shunji Bandow, Sumio lijima

2P-19  Simulation of high-energy ion/atom impact on nano-carbons : Electronic shake up and structural change
OYoshiyuki Miyamoto, Arkady Krasheninnikov, David Tomanek

Formation and Purification of Nanotubes

2P-20 Tailored Synthesis of Double Walled Carbon Nanotubes by Super Growth
OTakeo Yamada, Tatsunori Namai, Kenji Hata, Jing Fan, Masako Yudasaka, Don N. Futaba, Kohei Mizuno,
Motoo Yumura, Sumio lijima

2P-21 Influence of Co/Mo Ratio on Synthesis of Single-Walled Carbon Nanotubes from Carbon Monoxide
OToshiaki Nishii, Suguru Noda, Hiroshi Sugime, Naoto Masuyama, Yoichi Murakami, Shigeo Maruyama

2P-22  Purification of Double Wall Carbon Nanotubes by Dispersion
OHiromichi Yoshida, Satoshi Kikuchi, Toshiki Sugai, Hisanori Shinohara

2P-23  Synthesis of single-wall carbon nanotubes by alcohol CCVD methods using mesoporous silica with different pore size
OYuya Izumi and Hironori Ogata

2P-24 Dispersion and Separation of Small Diameter Single-Walled Carbon Nanotubes
OMakoto Kanda, Yutaka Maeda, Shin-ichi Kimura, Tadashi Hasegawa, Yongfu Lian, Takatsugu Wakahara,
Takeshi Akasaka, Said Kazaoui, Nobutsugu Minami, Toshiya Okazaki, Tetsuo Shimizu, Hiroshi Tokumoto, Jing Lu,
Shigeru Nagase

2P-25 Synthesis and characterization of single-walled carbon nanotubes by catalytic decomposition of alcohol
OYanli Zhao, Kazuyuki Seko, Kensuke Okumura and Yahachi Saito

2P-26  Supported Ni catalysts of nominal submonolayers grew single-walled carbon nanotubes
OKazunori Kakehi, Suguru Noda, Shohei Chiashi and Shigeo Maruyama

2P-27 Preparation of Single-Wall Carbon Nannotubes with Rh/Pd-Carbon Composite Rods in Nitrogen Atmosphere
ONobuyuki Asai, Shinzo Suzuki, Hiromichi Kataura, Yohji Achiba

2P-28 Role of Bimetallic Catalysts for Growth of Single-Walled Carbon Nanotubes
OToshiya Murakami, Kazuya Mitikami, Satoru Ishigaki, Kazuyo Matsumoto, Kenji Kisoda, Koji Nishio,
Toshiyuki Isshiki, Hiroshi Harima

2P-29 Formation process of carbon nanocap from SiC(0001) surface through thermal decomposition
OTMaruyama, Y. Kawamura, H. Bang, N. Fujita, T. Shiraiwa, K. Tanioku, Y. Hozumi, S. Naritsuka, M. Kusunoki

Endohedral Nanotubes
2P-30 Encapsulating p-nitroaniline into Single-Walled Carbon Nanotube
OTakashi Murakami, Yuika Saito, Hiromichi Kataura, Kazuhito Tsukagoshi, Kazuhiro Yanagi, Yasumitsu Miyata,
Satoshi Kawata
2P-31 Formation of n-type double-walled carbon nanotubes by a Cs-plasma irradiation method
OYongfeng Li, Takeshi Izumida, Rikizo Hatakeyama, Toshiro Kaneko, Takeru Okada, Toshiaki Kato
2P-32 Magnetic Analysis of Nano-peapods by Soft X-ray Magnetic Circular Dichroism (MCD) Spectroscopy
ORyo Kitaura, Haruya Okimoto, Tetsuya Nakamura, Yutaka Kitamura, Daisuke Ogawa and Hisanori Shinohara

Nanohorns

2P-33 High Yield Purification of Carbon Nanohorn OGoshu Tamura, Shunji Bandow, Sumio lijima

2P-34 Fractionation of Arc-Soot and dispersion of Pt-Ru Catalysts. (Reactivity with Methanol)
OKeisuke Higashi, Hiroaki Niwa, Kenji Shinohara, Hirofumi Takikawa, Guochun Xu, Shigeo Iioh, Tatsuo Yamaura,
Kouji Miura, Kazuo Yoshikawa

Properties of Nanotubes
2P-35 Stability of Field Emission Current from a Carbon Nanotube
OYasumoto Konishi, Hiroyoshi Tanaka, Lujun Pan, Seiji Akita, Yoshikazu Nakayama

2P-36  Conductance of telescoped double-wall armchair nanotube ORyo Tamura

2P-37 Direct Observation of Inter -layer Interaction of Double-Walled Carbon Nanotubes by using UHV-STM
ON. Fukui, H. Yoshida, T. Sugai, S. Heike, M. Fujimori, Y. Suwa, Y. Terada, T. Hashizume, H. Shinohara

2P-38 Observation of Photoluminescence from Small-Diameter DWNTSs Synthesized by the Zeolite-CCVD Method
(ONaoki Kishi,Satoshi Kikuchi, Toshiki Sugai,Hisanori Shinohara
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Morphology effect of optical properties in single walled carbon nanotubes  detected by THz to Vis-polarized spectroscopy 135

ON. Akima, J.L. Musfeldt, H. Matsui, N. Toyota, H. Shimoda, O. Zhou, M. Shiraishi, Y. Iwasa
Exciton-photon matrix elements in single-wall carbon nanotubes OJ. Jiang, R. Saito, Y. Oyama, K. Sato, J. S. Park

Electronic and Magnetic Properties of Finite-Length Carbon Nanotubes with Hydrogen Atoms Encapsulated
(OMasahiro Nigawara, Shigekazu Ohmori, Akihiro Ito, Kazuyoshi Tanaka

Resonance Raman and Photoluminescence Spectra of Suspended Single-Walled Carbon Nanotubes in Ceramics
OTaro Ueno, Shingo Okubo, Tsuneaki Miyahara, Shinzo Suzuki, Yohji Achiba, Kazuhito Tsukagoshi,
Toshiya Okazaki, Hiromichi Kataura

Application of Nanotubes

2P-43  Air-Stable N-type Single-Walled Carbon Nanotube Field Effect Transistors Functionalized by Amine Molecules
OTetsunori Matsumoto, Satoru Suzuki, Goo-Hwan Jeong, Yoshihiro Kobayashi, Yoshikazu Homma
2P-44  Development of Micro-focused X-ray Source by Using Carbon Nanotube Field Emitter
OKunihiko Kawakita, Koichi Hata, Hideki Sato, Yahachi Saito
2P-45  Spectral Properties of Single-Walled Carbon Nanotubes Dissolved in Aqueous Solutions of Biosurfactants
(ONaotoshi Nakashima, Ayumi Ishibashi
2P-46 NIR Laser Irradiation toward SWNTs in Solution
OKaori Narimatsu, Hiromi Shinohara, Yasuro Niidome, Naotoshi Nakashima
2P-47 Dielectrophoresis of SWNTs in a Microchip
OMasashi Shinagawa, Hiroki Ago, Naoki Ishigami, Masaharu Tsuji, Tatsuya Ikuta, Koji Takahashi
Miscellaneous

2P-48 Metal-free Formation of Spiral Carbon Structures (OAkira Koshio, Teruyuki Tanaka, Toshiki Sunouchi, Fumio Kokai

2P-49

On Critical Sizes of Multiply-Charged Fullerene Clusters (OMasato Nakamura, P. A. Hervieux
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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  Super Growth : From Highly Efficient Impurity Free CNT Synthesis to Super-Capacitors and Much More  Kenji Hata

General lecture (9 : 30-10 : 15)

Formation and Purification of Nanotubes

31 In-situ measurement of Raman scattering and AFM during laser-heated ACCVD growth process of SWNTs
OShohei Chiashi, Yoichi Murakami, Yuhei Miyauchi, Shigeo Maruyama

32 Formation of Single-Wall Carbon Nanotubes in Argon and Nitrogen Gas Atmosphere
(OShinzo Suzuki, Nobuyuki Asai, Hiromichi Kataura, Yohji Achiba

33 Synthesis of Horizontally-Aligned SWNTs with Controllable Density on Sapphire Surface and their Polarized Raman
Spectroscopy  OHiroki Ago, Naoyasu Uehara, Ken-ichi Ikeda, Ryota Ohdo, Kazuhiro Nakamura, Masaharu Tsuji

Yo Yy Coffee Break (10 : 15-10 : 30) Yryrieyeyeyy

General lecture (10 : 30-11 : 15)

Formation and Purification of Nanotubes

3-4 Effects of typical metallic Elements added as Catalysts for production of DWCNTs by DC-Arc discharge method
OHideki Inakura

3-5 Selective Diameter-Control of Single-Walled Carbon Nanotubes by the Enhanced Direct-Injection-Pyrolytic-Synthesis
(DIPS) Method OTakeshi Saito, Satoshi Ohshima, Wei-Chun Xu, Koji Matsuura, Toshiya Okazaki, Motoo Yumura and
Sumio lijima

Application of Nanotubes
3-6 Super Growth : Shape Engineerable Single Walled Carbon Nanotube Solid as Flexible Conducting Mesoporous Material

ODon N. Futaba, Kenji Hata, Tatsuki Hiraoka, Takeo Yamada, Kohei Mizuno, Yuhei Hayamizu, Tatsunori Namai,
Yozo Kakudate, Osamu Tanaike, Hiroaki Hatori, Koji Miyake, Shinya Sasaki, Motoo Yumura, Sumio lijima

General lecture (11 : 15-12 : 00)

Application of Nanotubes

3.7 Fluorination of Carbon Nanotubes, Structures and Properties
OHidekazu Touhara , Hideki Arikai, Yoshio Nojima, Fujio Okino, Y. A. Kim, Morinobu Endo, Shinji Kawasaki,
Hiromichi Kataura, Masako Yudasaka, Sumio Iijima

3-8 Nonlinear Optical Waveguide Device Using Carbon Nanotube-Polyimide Composite Material
OShun Marsuzaki, Taro Itatani, Emiko Itoga, Masahiro Igusa, Hiromichi Kataura, Madoka Tokumoto, Kohtaro Ishida,
Youichi Sakakibara

39 Carbon nanotube transparent flexible transistors using solution process
OTetsuo Takahashi, Taishi Takenobu, Takayoshi Kanbara, Kazuhito Tsukagoshi, Yoshinobu Aoyagi, Yoshihiro Iwasa

Y Yo veveye Lunch Time (12 : 00-13 : 20) Yoy yeyesk

Special lecture (13 : 20-13 : 50)
3S-6  Molecular Dynamics Simulations for Formations and  Properties of Various Defects on Carbon Nano-Structures
Takazumi Kawai

General lecture (13 : 50-14 : 35)

Application of Nanotubes

3-10  Individual solubilization of carbon nanotubes using polyimides
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RECENT PROGRESS IN NANO-CARBON RESEARCH
Eiji Osawa

NanoCarbon Research Institute, 301 Toudai Kashiwa Venture Plaza, 5-4-19 Kashiwa-no-Ha,
Kashiwa 277-0882, Japan

Fullerene/Nanotube Symposium Series began soon after the first isolation of Cg by
Kritchmer and Huffman, and grew larger in keeping pace with the development of
nano-carbon research. We are now commemorating its 30™ Symposium but it is surprising to
realize that the actual time span since its start until the present time is only 13 years. We have
been fortunate to witness, and even participate in the birth and growth of a new class of
extremely interesting materials called nano-carbons that so far produced so many attractive
structures and shapes one after the other.

Until now, new nano-carbons species have been obtained only by chance and properties
have been unpredictable as well. Some day in the near future we would like to design produce
taylor-made nano-carbons. In this lecture, I would like to review common properties,
behaviors and principles underlying a large variety of the known forms in nano-carbons in
order to help rational synthesis. Some of them are as follows:

Size — Those nano-carbon particles having single-digit nano-size in diameter are the most
interesting, and still remain largely unexplored.

Agglutination during ‘bottom-up’ synthesis — The well-known tendency of nanoparticles
to assemble spontaneously into micron-sized aggregates is actually of not much hazard in
nano-carbons. Careful sonication generally suffices to destroy aggregates due to large surface
area. Problem lies in much smaller but extremely tight core assemblies, often appear in
100-200 nm in diameter and supposed to have been formed during the synthesis from atomic
carbons. Soot, carbon nanohorn and detonation nanodiamond are well-studied examples.

Phase transition between multi-shell fullerenes and nanodiamond occurs much faster
than the graphite-diamond transition. It is likely that the phenomenon is general for
nanoparticles, but the mechanism is probably related with the increased surface activity.

Re-organization of surface structure is often provoked but rarely accomplished,

primarily because of the unavailability of single-digit nano-carbons in relation.

TEL:+81-4-7140-8671, FAX: +81-4-7140-8893, E-mail: OsawaEiji@aol.com
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Ultrafast Optical Nonlinearity in Single-walled Carbon Nanotubes
Hiroshi Okamoto

Department of Advanced Materials Science, Univ. of Tokyo, Kashiwa, Chiba 277-8561, Japan

For the ultrafast optical-switching devices,
nonlinear optical materials with large
third-order nonlinear susceptibility % and 10l !
small relaxation time 7 of photoexcited states e
are indispensable. One possible method is to e " »
utilize optical Stark effects of band-edge I {‘M\\
excitons in semiconductors. One-dimensional LN,
(1D) semiconductors are good targets, since
excitonic effect is enhanced due to the
singularity of 1D Coulomb potential. However,
optical Stark effects have not been demonstrated
in 1D systems, e.g., semiconductor quantum-
wires nor conjugated polymers, as yet. In this
study, we performed femtosecond pump-probe
absorption spectroscopy on bundled single-
walled carbon nanotubes (SWNTs) with the
resonant excitation to the semiconducting 0z 03 T
SWNTs (SC-SWNTs). From the results, we o 02z 04 06 08
have demonstrated that SC-SWNTs exhibit Photon energy (V)
gigantic optical Stark effects at the excitonic Fig. 1 Transient absorption (Ac) spectra
absorption, which is responsible for large of a SWNT film with the pump energy
recently reported for resonant excitation of hw;=0.685 eV.
conditions in degenerate configurations.

Figure 1 shows the spectra of the transient absorption changes (Aa) of a SWNT film
with a pump energy of %w,=0.685 eV, which is equal to the peak of the absorption (o)
spectrum (the solid line). Just after the photoirradiation (#5=0.1 ps), a large decrease in
absorption is observed at around %wyp. For the negative Aa peak at 0.685 eV, the response is
extremely fast, occurring within the time resolution (~180 fs) [1]. The positive components at
around 0.59 eV and 0.75 eV also include similar ultrafast components. Thus, the ultrafast
component in the optical gap region shows a (+—+) structure, which is characteristic of an
optical Stark effect of a two-level system. For the off-resonant excitations, we have observed
clear shifts of the absorption peak, which also support the presence of the optical Stark effects.
Moreover, from the detailed analyses of the Aa spectra in the infrared region as well as in the
near-infrared one, we have revealed that small 7} (~1 ps) for SC-SWNTs is mediated by
ultrafast exciton- and charge-transfer processes to metallic-SWNTs.

This work has been done in collaboration with A. Maeda, S. Matsumoto, and H. Kishida
(Univ. of Tokyo), T. Takenobu and Y. Iwasa (Tohoku Univ.), H. Shimoda (Xintek Inc.), O.
Zhou (Univ. of North Carolina), and M. Shiraishi (Osaka Univ.).
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[11A. Maeda et al., Phys. Rev. Lett., 94, 47404 (2005).

Corresponding Author: Hiroshi Okamoto
Tel: +81-4-7136-3771, FAX: +81-4-7136-3772, E-mail: okamotoh@k.u-tokyo.ac.jp
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Subnanometer Diameter Nanowires and Nanotubes in the ternary
molybdenum—chalcogen—halogen system

OAle$ Mrzel ', Dragan Mihailovi¢!, Maja Rem3kar', Abdou Hassaien®
Hiromichi Kataura >

! Jozef Stefan Institute; Jamova 39,1000 Ljubljana, Slovenia
? Nanotchnology Research Institute, National Institute of Advanced Industrial Science
and Technology, Central 4, 1-1-1 Higashi, Tsukuba, Ibaraki 305-8562, Japan

Compounds in the ternary molybdenum-chalcogen-halogen system appear to form a
variety of different materials such as so-called Chevrel phases and some of ternary
materials could be aligned in a class of quasi-one-dimensional materials. In 2001 a new
nano-structured material was discovered with the proposed formula MoSq.l,.' The
material grown in the form of bundles composed of very fine nanotubes, approximately
1 nm in diameter. It exhibits excellent field emission properties, a large capacity for Li
storage, great mechanical strength, a low shear modulus implying good tribological
properties and an anomalously large paramagnetic susceptibility. Very recently the
discovery of a new nanowire material with the formula MosS;ls was reportedz. The
material can be synthesized in large quantities in a single step, yet is functionally and
structurally similar to MoS,l;5. It is composed of identical small-diameter nanowires,
weakly bound in bundles, which can be handled in the similar way as carbon nanotubess,
yet have the added advantage that they can be dispersed in different solvents including
the water without using the surfactants. It is shown that the sulphur atoms in the
nanowires of MogS;l¢ can be readily substituted with selenium atoms which are
distributed in the resulting nanowires. In order to additionally functionalize some of the
synthesized onedimensional structures a gold particles are reproducibly self assembled
preferably onto the ends to the MoS..xl, nanotubes upon mixing of dispersion the
nanotubes and 5 nm coloid gold dispersion.

References
1.Remgkar M., et al, Science; 2001; 292; 479
2.D. Vrbani¢, et al, Nanotchnology 2004; 15; 635

Corresponding author
Ale$ Mrzel
email : ales.mrzel@jjs.si
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Japan's Town Factories are World's Treasure
-What they can and cannot make in China-

Hisayoshi HASHIMOTO

The National Graduate Institute for Policy Studies
7-22-1 Roppongi, Minato-ku, Tokyo 106-8677, Japan

Surprise!

Corresponding Author  Hisayoshi HASHIMOTO
E-mail : hasimoto@grips.ac.jp
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Super Growth: From Highly Efficient Impurity Free CNT Synthesis to
Super-Capacitors and Much More

Kenji Hata

Research Center for Advanced Carbon Materials, National Institute of Advanced
Industrial Science and Technology (AIST), Tsukuba, 305-8565, Japan

This presentation will provide an overview of our recent development of the
“Super Growth” CVD. First, the synthesis of highly efficient impurity free SNWT
forest will be described. Second, the growth dynamics will be explored with our
recent advance in CNT synthesis, as well as characterizing the physical and
chemical properties of SWNT forests. Third, various new forms of carbon
nanotube material made by utilizing the super-growth technique will be
demonstrated with emphasis on their applications such as super-capacitors. Lastly,

challenges and future projects that are planed will be summarized.

References:

[1] K. Hata, D. Futaba, K. Mizuno, T. Namai, M. Yumura, S. lijima, Science 306 (2004)
1362

[2] Don N. Futaba, Kenji Hata, Takeo Yamada, Kohei Mizuno, Motoo Yumura, and
Sumio lijima, Physical Review Letters,95,056104,(2005)

Corresponding Author Kenji Hata

E-mail kenji-hata@aist.go.jp
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Molecular Dynamics Simulations for Formations and Properties of
Various Defects on Carbon Nano-Structures

Takazumi Kawai
Fundamental and Environmental Research Laboratories, NEC Corporation

For the applications of carbon nanostructures to nano-scale devices, controlling the
atomic scale defect structures is a big issue. For the first step to control defects,
identification of the atomic structures on nano-carbons and their influence on the
stability and electronic properties are very important. Here, various types of defect
structures are investigated using tight-binding molecular dynamics simulations and
DFT-LDA calculations.

Tight-binding molecular dynamics simulations of a C, molecule collision with
nanotube surface shows that C; molecule is sometimes incorporated into nanotube sp?
network and forms a new topological defect structure. A line defect consists of the new
defects are known to represent ferromagnetic spin ordering[1]. In other runs of the same
kind of simulations the C, molecule also irradiates several famous defect structures such
as mono-vacancy, di-vacancy, and also Stone-Wales defect, although C; molecule often
bounce back even with a high kinetic energy of ~20 eV.

We consider another interesting defect structure which is a junction of sp” network
connected by sp’ like four-fold carbon atoms. These junction structures are formed by
the collision of a graphene sheet edge with a graphene sheet surface, and there are
almost no reaction barriers for the formation[2]. The formation processes of the junction
structures are also applied to nanotube T-junctions, where both the colliding graphene

sheet and targeted graphene surface are curved.

Acknowledgement: 1 am grateful to all the collaborators, especially S.Okada,
K.Nakada, and Y. Miyamoto. This work was in part performed under the management
of Nano Carbon Technology project supported by NEDO.

[1] K. Nakada, K. Kuwabara, K. Daigoku, T. Kawai and, S. Okada, in preparation.
[2] T. Kawali, S. Okada, Y. Miyamoto, A. Oshiyama, Phys. Rev. B72, 035428 (2005).
Corresponding Author: Takazumi Kawai

E-mail: t-kawai@da.jp.nec.com, Tel: 029-850-1554, Fax 029-850-2647
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Photoluminescence mapping of various (n, m) nanotubes
by cross-polarized light

oYuhei Miyauchi, Mototeru Oba and Shigeo Maruyama

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

Photoluminescence excitation (PLE) spectroscopy of single-walled carbon nanotubes (SWNTSs)
have been extensively studied for characterization of their unique electronic properties due to the
one-dimensionality. Theoretical studies and recent experiments have demonstrated that these optical
transitions in SWNTs are dominated by strongly correlated electron-hole states in the form of excitons.
Major peaks in a PL map correspond to the excitation transition energy of the second subband (Ex)
and the photon emission energy of the first subband (E;;) of a specific SWNT, and these peaks are
assigned to particular (n, m) nanotube species [1]. On the other hand, we can also find lower-intensity
features around main PL peaks in a PLE spectrum. Recently, we have clearly identified that some of
these features are phonon sideband peaks by measuring isotopic shift in PLE measurement using
SWNTs consisting of carbon-13 [2]. In addition to the direct experimental proof of the strong
exciton-phonon interaction [3], we also found low-intensity ‘pure electronic’ features whose origin has
never been elucidated [2]. To investigate the origin of these unassigned ‘pure electronic’ peaks, we
have performed polarized-PLE spectroscopy on independently aligned SWNTs in a gelatin thin film,
and some unassigned PL peaks of (7, 5) nanotubes were attributed to excitation by cross-polarized
light to the nanotube axis [4].

In this report, we have studied polarized PLE spectra of various (n, m) nanotubes. Fig. 1
shows PL peaks attributed to excitation by cross-polarized light. Detailed experimental techniques
for identification will be discussed. Obtained experimental Kataura plot for cross-polarized
light will be compared with tight-binding calculation of SWNTs considering geometry
optimization and curvature effect [5].

[1] S.M. Bachilo, M.S. Strano, C. Kittrell, R.H. 23
Hauge, R.E. Smalley, R.B. Weisman, Science
298, 2361 (2002).

{2] Y. Miyauchi and S. Maruyama, submitted to %‘2,
Phys. Rev. Lett., cond-mat/0508232. g
[3] V. Perebeinos, J. Tersoff, Ph. Avouris, Phys. o 2
Rev. Lett. 94, 027402 (2005). =
[4] Y. Miyauchi, and S. Maruyama, to be ‘%
submitted. g 18

[5] M. Oba, S. Okada, T. Miyake, S. Maruyama,
the 30th Fullerene Nanotubes General
Symposium, Nagoya (2006).

Corresponding Author: Shigeo Maruyama Los 1.1 ' 115 12 k 125 - 13

TEL&FAX: +81-3-5800-6983 Emission energy (ev)
E-mail: maruyama@photon.t.u-tokyo.ac,jp Fig. 1 Polarized PL map of dispersed SWNTs in surfactant

solution. Peaks indicated by circles were attributed to
excitation by cross-polarized light. Configuration of
polarizations was for enhanced cross-polarized absorption.
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Family Pattern of Photoluminescence and Raman Intensity
of Single Wall Carbon Nanotubes

R. SaitoO, J. Jiang, K. Sato and Y. Oyama
Department of Physics,Tohoku Univ. and CREST JST, Sendai 980-8578

We present photoluminescence (PL) and resonance Raman intensity of a
single wall carbon nanotube (SWNT) as a function of diameter and chiral angle.
Since the electron-photon and electron-phonon matrix elements show highly
anisotropic behavior in the k space, the obtained intensity strongly depends on
chirality of SWNTs. The calculated intensity show a family pattern for (n, m) single
wall carbon nanotubes in which 2n+m or n-m = constant SWNTs show a
systematic frequency and intensity changes. The calculated results are consistent
with experimental results of relative intensity of G-band Raman intensity and
radial breathing modes (RBM) intensity of single wall carbon nanotubes. Starting
with our basic formulation within an extended tight binding calculation, we will
overview our main progress obtained in this half year. We will compared with some
experimental results of PL intensities to obtain the natural abundance of (n,m)
nanotubes. This work is collaborated with MIT group of Prof. M. S. Dresselhaus,
Tokyo Univ. group of Prof. S. Maruyama and AIST group of Dr. T. Okazaki.

References:

(1) R. Saito et al., Phys. Rev. B, in press.

(2) J. Jiang et al., Phys. Rev. B71, 205420 (2005), and ibid. in press.
(3) Y. Oyama et al., Carbon in press.

(4) K. Sato et al., in preparation.

Corresponding Author: Riichiro Saito
E-mail: rsaito@phys.tohoku.ac.jp
Tel&Fax 022-795-7754, 6447
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Nanoscale uniaxial pressure effect of carbon nanetubes
on the Raman spectra

*Taka-aki Yano ', Yasushi Inouye ' and Satoshi Kawata '*

T Osaka University, Suita, Osaka 565-0871, Japan
? RIKEN, Wako, Saitama 351-0198, Japan
* CREST, Japan Corporation of Science and Technology, Japan

When single wall carbon nanotubes (SWNTS) are pressed by external force, the structure and
the electronic property of the SWNTSs are changed. These changes can be spectroscopically
analyzed by measuring a Raman spectrum under the pressure. In our study, we have measured

Raman scattering of the locally-pressurized <
(a)0 nFE\IBWithout the tip)

|

coated atomic force microscope (AFM) tip X4.4

SWNTs at nanometer scale by using a metal- G-band

that confines and enhances photons under the l
tip apex. Nano-Raman spectra of an isolated
SWNT bundle were measured in situ while
gradually applying uniaxial force up to 2.4
nN to it by a silver-coated AFM tip [2]. We

found out pressure dependence of Raman

(c) 1.

Raman intensity (arb.unit)

frequencies of radial breathing mode (RBM)
bands, the D-band and the G-band, which
had not been observed yet in other micro-
Raman experiments under hydrostatic
pressure, as shown in fig. 1. Furthermore,

pressure dependence of the Raman intensity,

. . 3 |- LL -l
which was related to modification of the 7557257350~ 1000 1200 1400 1600 1800 2000
Raman shift (cm)

electronic band gap energies of SWNTs due .
. . . . Fig. 1 Nano-Raman spectra measured by
to the radial deformation was investigated. . o

applying uniaxial force up to 2.4 nN.

References:
[1]1 Y. Inouye and S. Kawata, Opt. Lett. 19, 159 (1994).
[2] T. Yano, Y. Inouye, and S. Kawata, submitted
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Chirality-dependent environmental effect on photoluminescence of SWNTs
OS. Iwasaki', Y. Ohno" 2, Y. Murakami’, S. Kishimoto', S. Maruyama®, and T. Mizutani'

! Dept. of Quantum Eng., Nagoya University, Furo-cho, Chikusa-ku, Nagoya 464-8603, Japan
? PRESTO/JST, 4-1-8 Honcho Kawaguchi, Saitama 332-0012, Japan
3Dept. of Mechanical Eng., The University of Tokyo, 7-3-1 Hongo, Bunkyo-ku, Tokyo
113-8656, Japan

Optical transition energies in SWNTs are affected by environmental condition
because the electric field regarding carrier-carrier interactions spreads outside the SWNTs.
The SWNTs suspended in air are important samples as a reference to investigate the
environmental effect [1]. We have investigated the PL and PLE map of SWNTs suspended in
air for 20 chiralities, which is compared with the results reported for SDS-wrapped SWNTs
[2].

An SEM image of our sample is shown in Fig. 1. The SWNTs suspended in air were
grown on a grated quartz substrate by alcohol CVD. Figure 2 shows the energy shifts of Ey;
and E; of air-suspended SWNTs from those of SDS-wrapped SWNTs as a function of chiral
angle. Here, the open squares and closed circles represent type-I [(2n+m) mod 3 = 1] and
type-II [(2n+m) mod 3 = 2] SWNTSs, respectively. The Ej; and E;; are mostly blueshifted by a
few tens meV except for Ex of type-Il SWNTs with small chiral angle (near Zigzag). The
amounts of energy shifts, AE;; and AE,, show different dependence on chiral angle between
type-I and type-Il. In the case of type-1 SWNTs, AE); is larger for larger chiral angle whereas
AE;; is smaller for larger chiral angle. In contrast, type-Il SWNTs shows opposite
dependences. These results clearly show that the environmental effect on optical transition
energies depends on the chirality (, m).

V02T T 0 15 20 25 %
Chird angle (deg.)
Fig. 1 SEM image of sample. Fig. 2 Chiral angle dependence of AE; AEj.

[1]]. Lefebvre et al.: Phys. Rev. Lett. 90 (2003) 217401

[2} R. B. Weisman et al.: Nano Lett. 3 (2003) 1235
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Mid-gap luminescence centers in single-wall carbon nanotubes created by
UV illumination

Konstantin Iakoubovskii, Nobutsugu Minami, Yeji Kim, Kanae Miyashita, Said Kazaoui
Balakrishnan Nalini

Nanotechnology Research Institute, National Institute of Advanced Industrial Science and
Technology (AIST), 1-1-1 Higashi, Tsukuba, Ibaraki 305-8565, Japan

We report the effect of UV illumination on optical properties of single-wall carbon nanotubes
(SWNTs), isolated using various dispersants including carboxymethylcellulose (CMC),
hydroxyethlycellulose (HEC), etc. Water solutions and cast films prepared using commercial
SWNTs (HiPco, CoMoCAT and Carbolex) have been studied.
Figure 1 outlines a summary of changes
in PL spectra (Aex = 662 nm) from CMC/
CoMoCAT film: illumination by full
spectrum of D, lamp (/ ~ 4 mW/cm?)
strongly reduces PL intensity in a
timescale t~15 min. Illumination was
carried out in vacuum to avoid sample
oxidation. Interrupting illumination at this
stage resulted in full recovery within 1 hr.
However, longer illumination (> 2 hr)
uv| produced significant spectral changes:
e e e weakening of the 980, 1050 and 1150 nm
. 950 1000 1050 1100 1150 1200 1250 1300 1350 1400 peaks and appearance ofa strong signal at
Fig. 1 Wavelength (nm) ~1240 nm. Those changes could only be
observed at a few hrs after turning off D, lamp, but not during illumination; changed spectra
were stable for at least 60 days and could not be reversed even by annealing.

The newly produced PL peaks have been studied in detail with PL, PL excitation (PLE),
and optical absorption (OA), as a function of illumination wavelength and dispersant. We find
that the presence of dispersant is essential for the UV-induced changes, and that the excitation
spectrum of the changes matches the OA spectrum of the dispersant. The obtained results
suggest the following scenario of those changes: during the first stage of UV illumination
(t~15 min) charge transfer occurs between the dispersant and SWNT resulting in reversible
quenching of OA and PL. However, prolonged illumination (t > 2 hr) results in irreversible,
probably photochemical, reactions between the dispersant and SWNT. As a result, defect
states are created in the forbidden gap of SWNT. They could not be detected by OA, but
produced new, rather efficient PL peaks. Polarization of those PL peaks could be induced by
stretching polymer/SWNT films thus revealing the extended (1-D, rather than 0-D or
"quantum dot like") character of the newly produced defect states. The position of those new
peaks is dispersant dependent. The proposed model of 1-D defect states is further supported
by the PLE results.

7 ey

1

PL intensity (arb. units)
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Single walled carbon nanotube analysis: Rapid, robust acquisition and
simulation of quantum and chiral maps to ease structural assignments.

*Adam M. Gilmore, Ray K. Kaminsky, James M. Mattheis

HORIBA JobinYvon Inc., Fluorescence Division, 3880 Park Ave., Edison, NJ
08822

This paper describes improved methods for both data acquisition and analysis that are
pertinent to interpreting the structural composition of single-walled carbon nanotube
(SWNT) mixtures and suspensions. Rapid data acquisition is made possibie with a
specially configured spectrofluorometer which uses a liquid nitrogen cooled InGaAs
array detector, imaging spectrograph, excitation reference photodiode and tunable xenon
excitation source to collect seamless, instrument-corrected excitation-emission quantum
maps. The preferred instrument configuration with the InGaAs array can generate a
quantum map with both high S/N levels and spectral resolution in only seconds to
minutes; previous single-channel InGaAs photodiode and photomultiplier detector
measurements took hours to days. The standard spectral range for excitation and
emission is from 250 nm to 1700 nm with an option to extend to 2200 nm. Robust
analysis of the quantum maps is facilitated by a custom global analysis program (US
Patent Pending) which incorporates a powerful ‘double-convolution integral’ DCI
algorithm to simultaneously model the excitation and emission spectral bands for each
SWNT species. The patented DCI algorithm reduces the number of free fitting
parameters for the spectral simulation by up to a factor of 1000 compared to conventional
2 D spectral simulators. The global analysis yields quantitative information on the
chirality and diameter parameters of SWNT species in a given mixture. Together the
acquisition hardware and analysis software constitute significant developments with
respect to enhanced sensitivity and statistical significance for quantifying the components
of complex SWNT mixtures.

Corresponding Author: Adam M. Gilmore
Email: adam.gilmore@jobinyvon.com
Tel: 732-494-8660 x135
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Third-order Nonlinear Optical Response and Relaxation Dynamics
in Double-Walled Carbon Nanotubes

OA. Nakamura', T. Tomikawa', S. Imamura', M. Watanabe', Y. Hamanaka®, Y, Saito’,
and H. Ago3

!Department of Applied Physics, Nagoya University, Nagoya 464-8603, Japan
’Nagoya Institute of Technology, Nagoya 466-8555, Japan
3 Institute for Materials Chemistry and Engineering, Kyushu University,
Fukuoka 816-8580, Japan

Single-walled carbon nanotubes (SWNTs) shows the large enhancement of the
third-order nonlinear optical susceptibility 1(3) due to the exciton effect and the van Hove
singularity in optical transitions between valence and conduction bands[1,2]. In double-walled
carbon nanotubes (DWNTs), interaction between inner and outer tubes modifies electronic
and vibrational properties, and consequently nonlinear optical response and relaxation
dynamics of excited states may be affected by the inter-wall interaction. In this presentation,
we report on relaxation dynamics of photoexcited carriers and third-order nonlinear optical
susceptibilities studied by femtosecond pump-probe spectroscopy.

Raw materials of DWNTs were produced by a chemical vapor deposition method
using Fe nanoparticles with the diameter of 10 nm and MgO powder as catalysts. DWNTs
were dispersed in water-surfactant to obtain individual nanotubes, each encased in a
cylindrical micelle. The average diameters of inner and outer tubes are 1.4 and 2.2 nm,
respectively. Pump-probe measurements have been carried out using a 150 fs-width pump
pulse with the photon energy of 3.2 eV and a white continuum probe pulse.

Absorption spectra indicate sharp structures corresponding to different diameters and
chirality. Relaxation times measured for the lowest band-to-band transitions of
semiconducting inner tubes exhibit double-exponential decay behavior; the decay times of the
fast and slow components are ~0.4 and 2.1-7.5 ps, respectively. In SWNTs the decay time in
the range of 0.5-1.2 ps is strongly dependent on the photon energy, which is mainly due to the
intraband relaxation of photoexcited carriers and defect trapping. Therefore, the
energy-independent behavior of the fast component is in contrast to the result observed for
SWNTs, indicating the existence of a carrier relaxation channel from inner to outer tubes. The
slow component is ascribed to the non-radiative recombination of electrons and holes relaxed
at the band bottom.

Third-order nonlinear optical susceptibilities 7 in the non-degenerate configuration
were also measured with the pump-probe method. The figure of merit Im 1(3)/ a (o absorption
coefficient) is —2.4x10™"* esu cm around 1 eV, which is comparable to the value (5.6 x107
esu cm) for the Ey; transition in SWNTs.

[1] T. Tomikawa et al., Abstract of 27® Fullerene Nanotubes Symposium, p.20, 2004.

[2] A. Maeda et al., Phys. Rev. Lett. 94, (2005) 047404.
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Effects of Gravity on SWCNT Dissipative Structures
Induced by DC Electric Field

Syuichi Sato and OMasahito Sano

Department of Polymer Science and Engineering, Yamagata University
4-3-16 Jyonan, Yonezawa, Yamagata 992-8510 JAPAN

Dissipative structures appear in non-equilibrium systems where either matter or
energy is transferred between the systems and outsides. Examples include Benard
convection and Belousov-Zhabotinsky reactions. Typically, these phenomena are
modeled by non-linear equations with some kinds of feedback. As one process
proceeds, another process that interacts non-linearly becomes active. These processes,
then, limit or accelerate each other. Thus, identifying the relevant processes is quite
important to understand dissipative phenomena.

Previously, we have reported that applying DC electric field to an aqueous
dispersion of single-walled carbon nanotubes (SWCNTs) produces dissipative patterns
on the anode surface. Experimentally, two flat parallel plates are laid horizontally and
the top plate is made anodic. SWCNTSs are treated in acids to afford negative charges.
The patterns appear as a result of non-uniform SWCNT concentration distribution near
the surface and disappear when the DC field is turned off. Initially uniformly distributed
SWCNTs gather to form line segments which are connected to make polygonal cells.
Afterward, SWCNTSs start moving along the line toward the point where the cells meet
and produce another types of well-defined patterns. We have found that there is a
threshold voltage for the pattern formation and the size of the cells is exactly the same
as the electrode separation. These properties resemble those of Benard convection. In
the convection, both temperature gradient and gravity play the major role.

Stimulated by these similarities, we have investigated the effects of gravity.
Two ITO plates were fixed in various orientations and the patterns were recorded. We
have observed that the cell pattern appear irrespective of the plate orientation, implying
that the gravitational effect is not relevant. On the other hand, the later pattern may be
affected by the plate orientation.

Corresponding Author: Masahito Sano
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Mechanical Characteristics of High-Density and Well-Aligned
Carbon Nanotubes on SiC

M. Kusunoki', H. Usami?, D. Igimi' and K. Miyake®

! Japan Fine Ceramics Center, Nagoya 456-8587, Japan
’Dept. of Materals Science & Engineering, Meijo Univ. Nagoya, 468-8502, Japan
? Advanced Industrial Science and Thechnology (AIST), Tsukuba,305-8564, Japan

Carbon nanotubes (CNTs) have unique mechanical properties, such as high elastic
modulus, high tensile and flexural strength. CNT filled polymer, ceramic and metal
nano-composites have been synthesized for tribological applications. These composites showed
that the friction resistance and wear rates were reduced through the addition of CNTs [1].
However, it is not easy to disperse CNTs uniformly in the composite. Furthermore, aligned
CNTs up to several microns in thickness deposited on select substrates by chemical vapor
deposition (CVD) are also expected to configure nanostructured surfaces in tribological
applications. However, CNTs are subject to peeling off from the substrate surface.

We have reported well-aligned and high-density CNTs are synthesized by surface
decomposition of SiC(0001). High resolution transmission electron microscopy revealed the
CNTs connected directly to the SiC surface without any amorphous [2]. Then, it is expected that
the CNTs adhere to the SiC substrate.

The present study described novel frictional response obtained by a flexibility of CNTs
layer (Fig.1) and excellent erosion resistance against the collision of diamond abrasives (Fig.2)
by high adhesion strength of CNTs layer. These results showed that the CNTs synthesized by
the present method have the self-control ability of friction resistance and high erosive wear
resistance.

[1] W. X. Chen et al., Tribol. Lett., 15, 275 (2003).
[2] M. Kusunoki et al., Chem. Phys. Lett., 366, 458 (2002).
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Electronic structures of the interface between carbon nanotubes and
titanium electrodes measured by hard x-ray photoemission
spectroscopy

OD. Kondo"2, M. Nihei"2, A. Kawabata? S. Sato"?, E. Ikenaga®, M. Kobata®
,J.-J.Kim®, K. Kobayashi®, S. Komiya®, Y. Awano'?

!Nanotechnology Research Center, Fujitsu Laboratories Ltd., *Fujitsu Limited
10-1 Morinosato-Wakamiya, Atsugi 243-0197, Japan
’Japan Syncrotron Radiation Research Institute/SPring-8
1-1-1 Kouto Sayo-cho Sayo-gun, Hyogo 679-5198, Japan

Carbon nanotubes (CNTs) are a promising candidate for wiring materials in future LSI
interconnects due to their unique electrical property. For such an application, it is important to
achieve low-resistance ohmic contacts between CNTs and metal electrodes [1]. In this study, we
have investigated the electronic structures at the interface using the hard x-ray photoemission
spectroscopy (PES). The PES measurements were performed at the BL47XU in the SPring-8.
CNTs were grown on a 30-nm nickel/50-nm titanium double layer deposited on a silicon
substrate using chemical vapor deposition.

Figure 1 shows C 1s core-level spectra after the CNT growth. The spectra (a) and (b) were
measured at different emission angles. It has been found that two features observed in the
spectrum (a) are assigned to CNTs and titanium carbide (TiC). The observation of TiC means
that good ohmic contacts were formed at the interface. However, no feature corresponding to
TiC has been found in the spectrum (b). These results suggest that the oxidation of the titanium
layer proceeded during the growth process, thus preventing TiC from being formed in the region
near the surface.

Acknowledgement: The authors thank Dr. N. Yokoyama of Fujitsu Laboratories Ltd. for their support
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Vibration analysis of carbon nanotube cantilevers
Seiji Akita', Shintaro Sawaya' and Yoshikazu Nakayama'”

"Department of Physics and Electronics, Osaka Prefecture University
1-1 Gakuen-cho, Sakai, Osaka 599-8531, Japan
’Handai Frontier Research Center, Graduate School of Engineering, Osaka University
Suita, Osaka 565-0871, Japan

Cantilever miniaturization is crucial to realize highly sensitive mass detection based on the
resonant frequency shift of the cantilever. Carbon nanotubes (CNTs) are appropriate for this
applications because of their light weight, high aspect ratio, and extraordinary mechanical
properties. In order to realize higher sensitivity, the detailed analysis of the vibration of the
CNT cantilevers should be required. In this study, we have investigated the vibration of
multiwall carbon nanotubes (MWCNT) using a nanomanipulation technique inside a scanning
electron microscope (SEM)"* and molecular dynamics (MD) simulations.

Figure 1 shows an example of the resonant frequency curve for a MWCNT with the length
of 6.7 ym and the diameter of 12 nm. The quality factor, 0, is ~ 1500 at the resonance of
730.26 kHz. The O factors for several nanotubes examined were in the range of
300~2000.The intrinsic nanotubes should have higher Q factors because the nanotubes used in
this experiment were covered slightly with contamination deposited during SEM observation.

We have performed the MD simulations for single-wall (SW) and double-wall(DW) CNTs
with the same outer most layer of (15,15) and the length of 24.9 nm at constant temperatures
of 1 and 300 K, where a MM3 potential set® was used.

250 M BEEAE REAEE LR LA RS I
The oscillation of the nanotubes for lns were @ | 273026 KHa.
calculated for the recovery process after the buckling ‘€200F 5~ 15'00 3
of the nanotubes. The resonant frequencies are ;15(); E
summarized in Table I. For both nanotubes, the %
resonant frequencies at 1 K are lower than that at 300 ‘_-"00:' E
K. Furthermore, the temperature dependence of the g' 50k :
resonant frequency of the SWCNT is larger than that of < :....1.........1L......L,i....lmj
the DWCNT. This result implies the weak temperature 927 708 728 730 731 732 733 734
dependence of the van-der-Waals interactions for the Frequency (kHz)

interlayer of the DWCNT. Whereas the spring constant ~ Fig.1 Resonant curve for the MWNT.

for the DWCNT is larger than the SWNT, the weight of o .
. . . Table I. MD results of vibrat |

the DWCNT is heavier than that of the SWCNT. As a f; tie (15,1;)6 SSWC‘;\ITVL;; 1;12 ??3{8;5

result, the resonant frequency of the DWCNT becomes  (15,15) DWCNT.

lower than that of the SWCNT. The significant energy 1K 300K
dissipations for both CNTs at 1 and 300 K could not be (GHz) (GHz)
observed for 1 ns. Further calculations are required SWCNT 8.5 12
accurate evaluations of the Q value. DWCNT 7.1 11
References:

1) M. Nishio, S. Sawaya, S. Akita, and Y. Nakayama, Appl. Phys. Lett. 86, 133111 (2005).
2) M. Nishio, S. Sawaya, S. Akita, and Y. Nakayama, JVSTB 23, 1975(2005).

3) N. L. Allinger, F. Li and L. Yan: J. Comput. Chem. 11, 848 (1990).
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First-principles calculations of the radial breathing mode of peapods
Susumu Okada

Center for Computational Sciences, University of Tsukuba, Tennodai,
Tsukuba 305-8571

Carbon nanotubes have been attracting a lot of attention in the both fields of pure and
applied sciences due to their unique structural and electronic properties which are
applicable for nano-scale devices. To utilize the nanotubes for the various purposes, it is
important to characterize a diameter and a chiral angle of an individual single-walled
carbon nanotube. Raman spectroscopic experiment is a promising tool for the
identification and probing the geometric structure of nanotubes. In particular, the radial
breathing mode (RBM) plays the crucial role to determine the diameter of the nanotubes.
In addition to the structural identification, the RBM mode is also applicable for
monitoring the modulation of surrounding condition of the nanotubes, such as
intercalation and encapsulation of atoms and molecules. Indeed, Bandow et al showed
that encapsulation of fullerenes into nanotubes induces small shift of the RBM
frequency from the empty nanotube [1]. Further, they also reported that the shift
strongly depends on the diameter of the nanotube.

In the present work, we reveal how the RBM frequency depends on the diameter of
nanotubes for the fullerene encapsulation by using the first-principles total-energy
calculations. We use peapods consisting of Cgy and metallic (n, n) nanotubes (n=9,10,11,
and 12). For the (9,9) and (10,10) nanotubes, we find that the RBM frequencies of the
nanotubes shift upward by 86 cm™ and 3 cm™ for Ce@(9,9) and Ce@(10,10) peapods,
respectively. In sharp contrast to the thin nanotubes, RBM frequencies of (11,11) and
(12,12) nanotubes containing Ceo shift downward by 2 cm™” and 1 cm™ from those of the
empty (11,11) and (12,12) nanotubes, respectively. We find that the downward shift is
induced by the small charge transfer from the = electron of the nanotube to the space
between the nanotube and Cep.

References:

[1] S. Bandow, et al, Chem. Phys. Lett. 347, 23 (2001).
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Synthesis and electronic properties of Fe-filled single-walled carbon
nanotubes

oY. F. Li, R. Hatakeyama, T. Kaneko, T. Izumida, T. Okada, and T. Kato
Department of Electronic Engineering, Tohoku University, Sendai 980-8579, Japan

Single-walled carbon nanotubes (SWNTs) are known to be either metallic or
semiconducting based on their chirality and diameter. A number of investigations on
semiconducting SWNTs have led to the development of field-effect transistors (FETs). The
pristine SWNTs are found to exhibit p-type behavior [1], which is mainly attributed to
adsorption of oxygen on the SWNTs. n-type SWNTs FETs can be formed by doping impurities
such as alkali-metals or other organic electron donors inside SWNTs [2, 3]. However, the
current electronic devices based on SWNTs mainly utilize the charge of conductance
electrons. Therefore it is quite natural to ask if both the charge and spin of electrons can be
used in semiconducting SWNTs to further enhance the performance of devices. One of
promising ways to realize the above purpose is to inject ferromagnetic elements such as Fe, Co
or Ni into non-ferromagnetic SWNTSs to make them magnetic.

In this study, we report on the synthesis of ferromagnetic semiconducting SWNTs by Fe
filling. The synthesis of Fe-filled SWNTs is realized by using ferrocene as the starting
material [4]. The structure and morphology of Fe-filled SWNTs is confirmed by several
technologies which include HRTEM, EDX, and Raman Spectrum analyses. Electronic
properties of SWNT-FET indicate that ferrocene-filled SWNTs exhibit an interesting
ambipolar semiconducting behavior compared with typical pristine p-type SWNTs. In contrast,
unipolar n-type characteristics for Fe-filled SWNTSs are significantly found. Figure 1 depicts
the current versus voltage (Ips-V¢) characteristics of n-type Fe-filled SWNT-FET (right, open
circle line) and pristine p-type SWNT-FET (left, circle line), which indicates ferromagnetic
semiconducting SWNTs can be created by Fe filling.
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Fig. 1. Ips-V curves for n-type Fe-filled SWNTSs (right) and p-type pristine SWNTs, respectively.

[1] R. Martel et al., Appl. Phys. Lett. 73, 2447 (1998).

[2] T. Izumida et al., Jpn. J. Appl. Phys. 44, 1606 (2005).

[3] T. Takenobu et al., Nature Materials 2, 683 (2003).

[4] Y. F. Li et al., Abstract of 29™ Fullerene General Symposium, 1P-33 (2005).
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Optical Properties of p-carotene inside
Single-Walled Carbon Nanotubes

(OKazuhiro Yanagi, Yasumitsu Miyata, and Hiromichi Kataura

Self-Assembled Nano-Electronics Group Nanotechnology Research Institute (NRI)
National Institute of Advanced Industrial Science and Technology (AIST)
1-1-1 Higashi, Tsukuba, Ibaraki 305-8562, Japan

Abstract: Producing the next generation of technologies, such as all-optical switching

devices, data processing using an optical-neural network, etc., requires the development

of materials that have the following three features, (1) large third-order optical

nonlinearity, (2) ultra-fast optical response, and (3) sufficient robustness for device

application. m-conjugated polyene molecules have the potential to satisfy all three

requirements since they satisfy the first and second ones. However, degradation of

n-conjugate molecules is a bottleneck impeding their application to photonic devices.

B-carotene is a model system for n-conjugated molecules. We found that 3-carotene can
be encapsulated inside single-walled carbon nanotubes (Car@SWCNTs). The

conformation of the encapsulated B-carotene is
discussed from its Raman spectra. The filling
rate of P-carotene in Car@SWOCNT is
estimated from the absorbance of B-carotene
in Car@SWCNT. We found that B-carotene in
Car@SWCNT was quite stable under ambient
conditions. The surrounding tube-wall
protected [-carotene from reacting with
radical  species and  suppressed its
isomerization. Therefore, the encapsulation
technique of B-carotene presented here can be
a good breakthrough for application of
n-conjugated molecules to photonic device
materials.

Corresponding Author: Kazuhire Yanagi
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(a) Chemical structure of -carotene, and
(b) a schematic illustration of [3-carotene
inside a (12,8) SWCNT.
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Cap effects of Gd acetate on nanohorn holes

OR. Yugel, J. Miyawaki’, M. Yudasaka"? Y. kubo’, E. Nakamura’®, H. Isobe’, H.
Yorimitsu®, and S. Iijima" > *

'NEC, 34 Miyukigaoka, Tsukuba 305-8501, Japan
2SORST-JSZI} 34 Miyukigaoka, Tsukuba 305-8501, Japan
3The university of Tokyo, Hongo, Bunkyo-ku, Tokyo 113-0033, Japan
*Meijo University, 1-501 Shiogamaguchi, Tenpaku-ku, Nagoya, 468-8502, Japan

Single-wall carbon nanohorns (SWNHs) have inherent hollow spaces, and the holes of the
sheath walls can be opened easily by the heat treatment in oxygen (SWNHox). Various kinds
of materials, such as Ce [1] and Pt-compound [2], can be incorporated and released in/from
the nanospace of SWNHox. Hashimoto et al [3] previously demonstrated using transmission
electron microscopy that the Gd-acetate was deposited at the hole edges and inside SWNHox.
It was also demonstrated that the Gd-acetate clusters had the cap effect, that is, they
suppressed the Cg incorporation into SWNHox. In this study, the cap effect of Gd acetates
deposited at the hole edges and inside SWNHox was quantitatively evaluated through the
analysis of the Cq release from the inner space of SWNHox.

Ceo was incorporated inside SWNHox (Cg@SWNHox) by the nano-precipitation [1], and
the holes of SWNHox were capped by Gd-acetate (Gd-Ceo@SWNHox) [3]. By immersing
Ceo@SWNHox in toluene, about 90% of Cgo was released [1], while Gd-Ceo@S WNHox, 60%.
The SWNHox sheaths encapsulating the remaining-40% Cgo had the two types of Gd-acetate
caps: one was the Gd-acetate cluster located inside the sheath, and the other one was that
attached to the hole edge. The number ratio of SWNHox sheaths with the former and latter
type caps was about 1:2. We removed the Gd-acetate caps by washing with water. After
washing with water, most of the remaining-40% Cgy was released in toluene.
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Formation of Carbon Nanofibers Having an Array of Conical Nano
Cavities and Snapping at Their Nodes

O Akira Koshio, Yuta Takemura and Fumio Kokai

Department of Chemistry for Materials, Mie University, 1577 Kurimamachiya-cho, Tsu,
Mie 514-8507, Japan

A catalytic chemical vapor deposition (CVD) method has been extensively investigated
as a promising method for the growth of carbon nanofibers (CNFs) and carbon nanotubes.
In fact, various structures of CNFs were formed by controlling growth conditions such as
metal catalysts and reactant gases. Recently, we found that CNFs having an array of
conical nano cavities were formed by an alcohol CVD method using indium tin oxide
(ITO) / Fe as metal catalysts. The CNFs contain the conical nano cavities in a
one-dimensional array at uniform intervals. In this study, we explored the most effective
growth condition of the CNFs and studied on the possible formation mechanism of the
one-dimensional array of conical nano cavities. Moreover, we report that the CNFs are
easily snapped at their nodes corresponding to the bases of conical cavities.

A substrate for the CVD was prepared by spraying ethanol solution of InCls, SnCl, and
FeCl; on a Si plate maintained at 400 °C followed by heating at 600 °C for 30 min. in Ar
atmosphere. The CVD growth of the CNFs was carried out at a vapor pressure of ethanol
containing a small amount of CS; for 30 min.

Electron microscopic observation revealed that the inner structure consisted of an array
of periodic conical cavities with lengths of 300-800 nm (Fig. 1(a)). Nodes of the CNFs,
which correspond to the bases of conical cavities, are fragile due to the very thin structure.
The CNFs can be easily [ ;
cut in 1-10 pitch at the
nodes like snapping
branches by mechanical
force such as ultrasonic
irradiation (Fig. 1(b)).
We suggest that the
snapping technique using
our CNFs may be

suitable for controlling F i. 1 a) o’ Cf\iFs héf/ing an array 6f ‘onic;ll nan av1t1es.‘w
the length of CNFs. (b) Short CNF's snapped using ultrasonic irradiation.
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Structural Determination of Sc3;Cs,

O Yuko liduka,' Takatsugu Wakahara,! Tsukasa Nakahodo,! Takahiro Tsuchiya,l Akihiro
Sakuraba,’ Yutaka Maeda,® Takeshi Akasaka,* Kenji Yoza, Ernst Horn,’ Tatsuhisa Kato,®
Michael T. H. Liu,” Naomi Mizorogi,® Kaoru Kobayashi,® Shigeru Nagase*-*

!Center for Tsukuba Advanced Research Alliance, University of Tsukuba, Graduate School of
Science and Technology, Niigata University, Department of Chemistry, Tokyo Gakugei
University, *Bruker AXS K. K., *Department of Chemistry, Rikkyo University, °Department of
Chemistry, Josai University, ' Department of Chemistry, University of Prince Edward Island,

Department of Theoretical Molecular Science, Institute for Molecular Science

The structures and electronic properties of endohedral metallofullerenes have been
extensively investigated both experimentally and theoretically.! It is widely accepted that the
maximum-entropy-method (MEM)/Rietveld analysis of synchrotron X-ray powder diffraction
data is powerful for structural determination of endohedral metallofullerenes. However, some
of these structures such as Sc3;@Cs, do not correspond to energy minima or most stable
structures. We report here structural determination of the Sc3;Cg, molecule by the Bc NMR
spectroscopy and X-ray single-crystal structure analysis. It is remarkable that the endohedral
structure of Sc;Cs, is not Sc;@Cs, but Sc3C2@C30.2

(1) Endofullerenes: A New Family of Carbon Clusters; Akasaka, T., Nagase, S., Eds.; Kluwer: Dordrecht, 2002.
(2) liduka, Y. et al., J. Am. Chem. Soc. 2005, 127, 12500.
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Spin-Transfer System under Equilibrium Constructed from Endohedral
Metallofullerenes and Organic Donors

O Kumiko Sato', Takahiro Tsuchiya', Takatsugu Wakahara', Yutaka Maeda’,
Tsukasa Nakahodo', Takeshi Akasaka', Tatsuhisa Kato’, Kei Ohkubo®, Shunichi Fukuzumi®,
Naomi Mizorogi®, Kaoru Kobayashi’, Shigeru Nagase®

! Center for Tsukuba Advanced Research Alliance,
, University of Tsukuba, Tsukuba, Ibaraki 305-8577, Japan
De;vartment of Chemistry, Tokyo Gakugei University, Koganei, Tokyo 184-8501, Japan
Department of Chemistry, Josai University, Sakado, Saitama 350-0295, Japan
! Department of Material and Life Science, Graduate School of Engineering,
Osaka University, Suita, Osaka 565-0871, Japan
> Institute for Molecular Science, Okazaki, Aichi 444-8585, Japan

Endohedral metallofullerenes have attracted special interests as new spherical molecules
with unique electronic properties and reactivities, which are not seen in empty fullerenes [1].
Endohedral metallofullerenes are more easily reduced than empty fullerenes. The difference
in redox potential is in fact one of the most important factor to control their reactivities [2].

Some charge transfer (CT) interaction between organic donor molecules and Cgp have
been discussed so far [3] since the first report about the complex of Cg with
tetrakis(dimethylamino)ethylene by Allemand and co-workers [4].

Recently, we have studied the complexation behavior of endohedral metallofullerene
La@Cs2-A with azacrown ethers. La@Cs;-A forms the complex with azacrown ethers via
electron transfer process. However, the radical cation of the macrocycles was not so stable. In
this context, we reported here the complexation behavior of La@Cs,-A with organic donor
molecules which form stable radical cations.

References

(1] Endofullerenes: A New Family of Carbon Clusters; Akasaka, T.; Nagase, S., Eds.; Kluwer Academic
Publishers: Dordrecht, 2002.

[2] Akasaka, T.; Kato, T.; Kobayashi, K.; Nagase, S.; Yamamoto, K.; Funasaka, H.; Takahashi, T. Nature 1995,
374, 600.

[31 (a) Saito, G.; Teramoto, T.; Otsuka, A.; Sugita, Y.; Ban, T.; Kusunoki, M.; Sakaguchi, K. Synthetic Metals
1994, 64, 359. (b) Konarev, D. V.; Neretin, I. S.; Saito, G.; Slovokhotov, Y. L.; Otsuka, A.; Lyubovskaya, R.
N. Dalton Trans. 2003, 3886.

f4] Allemand, P. M.; Khemani, K. C.; Koch, A.; Wudl, F.; Holczer, K.; Dcnovan, S.; Griiner, G.; Thompson, J.
D. Science 1991, 253, 301.
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3C NMR Study of CeLa@Cs, Anion

O Tomohito Komaki, Takeshi Kodama, Yoko Miyake, Shinzo Suzuki,
Koichi Kikuchi, Yohji Achiba

Department of Chemistry, Tokyo Metropolitan University, Hachioji, 192-0397, Japan

Recently, Kato et al. revealed that an excess electron was located on a La dimer in
Lay@Csgo anion by ESR spectroscopy [1]. Ce,@Cso has the same molecular structure as
Lay@Cso, therefore an excess electron would be located on a Ce dimer in Ce;@Cso anion.
Since Ce has one 4f electron, we have been interested in the magnetic interaction between an
excess electron and two 4f electrons on a Ce dimer. Previously, we reported the C NMR
spectra of Ce,@Csp anion [2], but we could not elucidate the magnetic interaction. In this
work, to understand such an interaction, we produced CeLa@Cso anion and measured its >C
NMR spectra because the magnetic interaction in CeLa@Cso anion is simplified to an excess
electron and only one 4f electron on a CeLa dimer.

Fig. 1(a) shows the *C NMR spectra of MM’@Cso (M, M’ = La, Ce) mixture. The
signals of CeLa@Cso and Ce,@Cso approach those of Lay@Cs at higher temperature. This
feature is roughly explained by the decrease of magnetic moments based on Ce ions of
CeLa@Csgp and Ce@Csgy when temperature rises. On the other hand, as shown in Fig. 1(b),
the signals of CeLa@Csg anion and Ce,@Cso anion are apart from the diamagnetic region at
higher temperature, furthermore the shifts of the signals of CeLa@Cs anion are larger than
those of Ce,@Cgp anion.

This study was partly supported by Industrial Technology Research Grant Program from New
Energy and Industrial Technology Development Organization (NEDO) of Japan.
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Fig. 1: *C NMR spectra of MM’ @Csg, (M, M’ = La, Ce) mixture measured at 125 MHz in CS; (a),
in triethylamine/ acetone (b). The peak marked with X in Fig. 1(b) originates from impurity.

[1] T. Kato, et al., In Fullerenes and Nanotubes: The Building Blocks of Next Generation Nanodevices,
Proceedings of the International Symposium on Fullerenes, Nanotubes, and Carbon Nanoclusters, The
Electrochemical Society Inc, Pennington, 2003, p. 564.

[2] T. Ichikawa, et al., The 28" Fullerene-Nanotubes General Symposium 26 (2005).
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by Soft X-ray Magnetic Circular Dichroism (SXMCD)
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Nagoya University, Nagoya 464-8602, Japan
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Endohedral Metallofullerenes are expected to show novel magnetic properties due to
encapsulated metal atoms. Magnetic properties of some mono-metallofullerenes,
M@Cs, was studied by SQUID [1]. On the other hands, no magnetic property of
di-metallofullerenes have been reported. Soft X-ray magnetic circular dichroism
(SXMCD) is extremely sensitive method to obtain surface magnetization[2]. In this
respect, SXMCD is very suitable for investigating the magnetic properties of small
quantities of metallofullerenes embedded on a non-magnetic substrate. It is also a great
advantage of SXMCD technique to obtain magnetization of metal ions in fullerenes
separately from a diamagnetic fullerene cage according to an element specificity of
SXMCD. Here, we report the magnetic property of mono- and di-erbium
metallofullerenes, Er@Cs,, Er@Csz, and Er,Co@Cs, as investigated by SXMCD.

SXMCD measurements have been performed on BL25SU in Spring-8. Er
metallofullerenes were coated on a Au-Cu sample plate, and were baked at ~400K in a
load-lock chamber under the pressure of 1X

10° Pa. The sample It was cooled down to 16K S — )
: : . o} 4 En@C

using a Liq.He contlnu?us flow-type cryostat. & 3.0 %Er:c,@ucm ¢ =
Helical X-ray Absorption Spectroscopy and & 25 o° ¢
MCD spectra were measured by means of the 2 ,, .o.ﬁ g A
total electron yield method. g ,g&ff‘ A

Figure 1 shows temperature dependence of % s S oL
inverse of MCD intensity at a magnetic field up § Lof 53“
to 2 T. Inverse of MCD intensity corresponds  ~ 5[ -
approx1.mately to 1/ x. We .found that a 0 TS Te—re—
magnetic moment of Er,@Cg, increases 40% T/XK
relative to that of Er@Cs,, suggesting that the Fig 1. Temperature dependence of
Er metallofullerenes may have ferromagnetic Inverse of MCD intensity

interaction below 20 K.
References:[1] H. Shinohara, Rep. Prog. Phys., 63, 843 (2000).
[2] T. Funk et al., Coord. Chem. Rev., 249, 3 (2005).
Corresponding Author: Hisanori Shinohara
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The Ultraviolet Photoelectron Spectra of Ti,C,@Cs;

(O Masayuki Kato, Kentaro Iwasaki, Shojun Hino, Daisuke Yoshimura,
Hiroe Moribe, Haruya Okimoto, Yasuhiro Ito, Toshiki Sugai, Hisanori Shinohara

Chiba Univ., Institute of Molecular Science, Nagoya Univ.

The Ultraviolet Photoelectron Spectra (UPS) of Ti;C,@Cs; were measured in
UVSOR BL8B?2, Institute of Molecular Science.

The UPS of Ti,C,@Cs are shown in Figure. The spectral onset position of
these UPS is about 0.8 eV from the Fermi level. This value is analogous to those of
other metallofullerenes in which even electrons are transferred to the cage (such as
Tm2+@C822’, Y26+@C326', etc.). There are distinct structures in the region shown in
Figure. The spectral intensity of each structure changes upon the incident photon
energy change. It is drastic in lower binding energy region of 1~4 eV (marked A to C).

The NMR analysis revealed that Ti,Co@Cs, has GCsy symmetry.(l) When
metallofullerenes have the same cage structures with the same oxidation states of
encapsulated atoms, their UPS usually resemble well. We have already reported the
UPS of Y2C2@C32(III)(2) which has the same Cj3, symmetry. Present results on
Ti,C,@Cs, are different from those of Y,Co@Cso(IIl) particularly in lower binding
energy region. The UPS of Y,C,@Cs(IlI) are well reproduced by the MO calculation
using C3(8) geometry with Cg,* electronic configuration. The difference among these
two metallofullerenes implies that the
interaction between encapsulated atoms Ti or Y . ‘ . — .

and the cage is different; it could be large in
TizCz@ng.

onset
s
55 eV
References:
50 eV
(1) H. Shinohara, Private communication.
45 eV
(2) S. Hino et al., Phy. Rev. B. in press.
40 eV
35 eV
Corresponding Author: Masayuki Kato 30 oV
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e
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Fluorescence switching in Er@Cs; by solvent-induced electron transfer

(OShingo Okubo, Toshiya Okazaki, Sumio lijima
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Technology (AIST), Tsukuba, 305-8565, JAPAN

Recent advances in molecular scale electronics have raised expectations that this
technology may provide the building blocks for future generations of ultrasmall and
ultradense electronic computer logic. In particular, fluorescent molecular photoswitches
have attracted considerable attention because they can be used as erasable optical
data-storage elements at a single molecular level. Here, we demonstrate “on/off”
fluorescence switching of Er’* ion in Cs-Cg, (Er@Cg,-1I) by reversibly controlling the
electronic states of the Cg; fullerene cage.

Normally, fluorescence form Er@Cs, is significantly weak in the ordinal organic
solvents such as chlorobenzene (“off” state) because the low-lying Csp cage state
effectively quenches the fluorescence (lower spectrum in Fig. 1). This is consistent with
that fact that the onset of the absorption spectrum is beyond 2000 nm. However, if we

change the solvents from chrolobenzene to

. qe -+ . .
pyridine, a strong enhancement of Er’* emission

at around 1.5 pm was observed (“on” state, upper in pyridine
spectrum in Fig. 1). It is well-known that

Cgr-based mono-metallofullerenes have anionic

intensity / arb. unit

forms in pyridine [1,2]. The electron transfer from

pyridine molecule to Er@Csg, severely diminishes

T T T T T T T T
1350 1400 1450 1500 1850 1600
emission wavelength / nm

the long wavelength absorption of the cage, and

.. Fig. 1. FI ectra of Er@Cs,-11
thus the Er’* emission takes place. '8 voreseence sp @Cw:

References
[1] Okubo S., et al., Abstract of 22nd Fullerene general symposium, Okazaki, 2002, p 33

(2] liduka Y., et al., J. Am. Chem. Soc., 2005, 127, 12500
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Single Electron Transfer from Aliphatic Amines with [60]Fullerene
at the Ground State and Facile Synthesis of Tetraaminofullerene Epoxide

(OTakatsugu Tanaka, Waka Nakanishi, Loic Lemiégre,
Hiroyuki Isobe, Eiichi Nakamura

Department of Chemistry, The University of Tokyo Hongo, Bunkyo-ku, Tokyo 113-0033, Japan

Amination of carbon clusters has been attracting the interest of chemists for a decade,
for its own sake and for useful properties expected for the resulting amine-functionalized
fullerene and carbon nanotube. Sometime ago, we investigated the synthesis of
tetraaminofullerene epoxide 2 and reported that the photoirradiation in an aerated solution
accelerates the reaction in moderate to high yield.'” We report herein the results of these
studies that have largely resolved the synthetic and mechanistic questions.’ The key finding is
that a mixture of C, and a secondary amine in a mixture of dimethylsulfoxide and
chlorobenzene generates a long lived contact ion pair (1) as the result of amine-to-Cy, single
electron transfer (SET). This reaction is applicable to cases where the previous photoreaction
entirely failed, and the isolated yield is generally 60-90%. The new reaction does not require
any light and adds to the repertoire of methods for large-scale preparation of functionalized
fullerene derivative.

1 1
, Single Electron Rz_,\‘? F}q.ﬂz "(Bﬁ ﬁ@ n n=4:64%
. R Transfer [ R'l 0O 3 : gg:f,
60 + HN —————— CGO: :HN R‘ 1 N o
) ) : 1:20%
k2 DMSO/PhCI 2 " .ﬁ: (&N N,
1 2

o Q™ HO% (&')PH
X X le) O
e MR \—’R {l_—) Q , Q N =N

e o M, D
eﬁ' rg\ile XCN NCX e QN Qo N‘DBOJ HO. %CN N‘J‘H?H

R =Me : 5% X=0:69% 0 90% n=2:78%

Bu:61% NBoc : 76% 1:84%
CH,NHBoc : 88%

[1] Isobe, H.; Ohbayashi, A.; Sawamura, M.; Nakamura, E. J. Am. Chem. Soc. 2000, 122, 2669-2670. Isobe, H.;
Tomita, N.; Nakamura, E. Org. Lesnt. 2000, 2, 3663-3665.

[2] Isobe, H.; Tanaka, T.; Nakanishi, W.; Lemiégre, L.; Nakamura, E. J. Org. Chem. 2005, 70, 4826-4832.
Corresponding Authors: Hiroyuki Isobe and Eiichi Nakamura
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Synthesis of Fullerene C;y Encapsulating Molecular Hydrogen
O Yasujiro Murata,l’2 Shuhei Maeda,1 Michihisa Murata,1 and Koichi Komatsu'

Institute Jfor Chemical Research, Kyoto University, Uji, Kyoto 611-0011, Japan
’PRESTO, Japan Science and Technology Agency (JST)

The molecular surgical approach is a promising method to synthesize
yet-unknown endohedral fullerenes and their derivatives, which includes creation of an
orifice on the fullerene cage, insertion of a small guest through the orifice, and closure
of the orifice with retention of the guest inside the fullerene. Actually, fullerene Ceo
encapsulating a hydrogen molecule, Hy@Cs, was synthesized by this methodology.'

Since the inner space of Cy is larger than that of Ceo, it might be possible that
more than one small molecules be encapsulated. Recently open-cage Cro derivative 1
was synthesized” by applying the procedure similar to that used for the synthesis of
open-cage Ce.> Molecular hydrogen was successfully inserted into 1 by treatment
with high-pressure hydrogen gas (890 atm) at 200 °C. Not only H,@1 (97%) but also
(H2)>@1 (3%) were found to be formed under these conditions. Now the complete
closure of orifice of Hy@1 and (H,)@1 has been achieved without loss of encapsulated
hydrogen molecule(s), thus having led to the formation of Hy@C7 and (Hy),@C7o for
the first time. The 'H NMR chemical shift of encapsulated hydrogen in each

compound is shown below.

H.@1 (H2)@1 H,@Crp (H2)2@C+g
Sy 01651 &y 01522 81 123.70 81y 023.53
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Control of Decomposition of Acrylic Polymers by dispersing
Fullerene-derivatives

OTomoya Yamashiki" 2, Yusuke Tajima', Toshihiko Sakurai', Ryoko Shimada"?,
and Hiroki Osedo’

I Integrated Materials Research Laboratory, Riken, 2-1 Hirosawa, Wako-shi, Saitama
351-0198, Japan
? New Frontiers Research Laboratory, Toray Industries Inc., 1111 Tebiro,
Kamakura-shi, Kanagawa 248-8555 Japan

Photo-catalytic materials like TiO, have enormous applications from environmental
field to energy field. These materials are usually dispersed as nm-sized particles into
polymers in order to activate photo-catalytic process. But most of the matrix polymers
are decomposed under strong oxidation by photo-catalytic process. In this work, we
tested the possibility of suppressing polymer decomposition by the addition of fullerene
into polymer. In our experiments, Cg derivative® is dispersed into conventional acrylic
polymer and TiO, particles. These composites are spin-coated on substrates and
irradiated to UV light. TGA analysis and IR spectroscopy are used for monitoring
polymer decomposition process. As a result, it is proved that acrylic polymer

decomposition by
40

photo-catalytic process is
suppressed by an addition of
Ceo derivative (Fig.1). It is
assumed that fullerene plays

30
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Fig.1 Weight loss of acrlyl-TiO, composites
after UV-irradiation by TGA
1) Y. Tajima et al.,Chem. Lett. 33(12), 2004, 1604-1605.
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Quantitative analysis of detonation nanodiamonds with X-ray diffraction

Naoki Komatsu ®, Naoki Kadota?, Takahide Kimura?®, Eiji Osawa”

a) Department of Chemistry, Shiga University of Medical Science, Seta, Otsu, 520-2192
b) NanoCarbon Research Institute Ltd., Rm 301, Toudai Kashiwa Venture Plaza, 5-4-19
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Detonation nanodiamonds (¢-NDs) are known to form tight aggregates and include
substantial amount of other forms of carbons [1]. These properties are considered to hamper
the characteristic application of d-NDs in spite of their availability and inexpensive price.

Quite recently, however, Osawa and coworkers succeeded in disintegration of d-NDs to
prepare stable colloid of primary particles of d-NDs [2]. They also reported quantitative
analysis with X-ray diffraction (XRD) for the evaluation of the purity. Unfortunately, the
reported purity of d-NDs, 77 %, is thought to be a little lower than the actual purity because
much larger diamond (~1 um) was used for the determination of the calibration line for d-
NDs (~4 nm) [2]. Herein, we report more precise calibration line for -NDs extrapolated by

use of 30, 50 and 100 nm size of pure NDs.
Since pure NDs with 4 nm size are not
available, particle size effect was estimated by
using pure hydrogenated NDs with 30, 50 and
100 nm in average diameters (Tomei Diamond
Co.) and zinc oxide (Aldrich, 99.9 % purity) as
an internal standard. The area ratios of ND (111)
and zinc oxide (101) on XRD were determined
at three concentrations, 15 wt%, 20 wt%, 30
wt%, of zinc oxide for each size of NDs. As
shown in Fig. 1, linear relations are obtained
between the area ratios and the diameters,
indicating that calibration line for any size of
NDs can be extrapolated. A calibration line for 4
nm size NDs is shown in Fig. 2, from which the
purity of d-NDs is determined to be 87 wt%.

Reference
[1] V. Y. Dolmatov, Russ. Chem. Rev., 70, 607 (2001).
[2] A. Kriiger, E. Osawa, et al., Carbon, 43, 1722 (2005).
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Separation and Characterization of Polyyne Molecules in Solution

OT. Wakabayashi,' T. Doi,! R. Umeda,> M. Sonoda,” and Y. Tobe?

'Department of Chemistry, School of Science and Engineering, Kinki University,
Kowakae 3-4-1, Higashi-Osaka 577-8502, Japan
’Division of Frontier Materials Science, Graduate School of Engineering Science,
Osaka University, and CREST, Japan

Abstract: Polyyne molecules H(-C=C-),H (n = 2) are of particular interest in connection
with areas spanning from basic research such as in molecular spectroscopy to applications to
combustion chemistry, planetary science, astrophysics, and non-linear optical properties in
materials science [1,2]. We present here our recent progress on the production, separation,
and characterization of the series of molecules in solution phase. In particular, the results
from NMR characterization ensure the preparation in their macroscopic quantities. The
resonance Raman spectroscopic study reveals molecular vibrations of the stretching modes
and fragility against UV exposure. Also confirmed is the existence of another series of
polyynic molecules as byproducts that form during the process in laser ablation of graphite
particles suspended in the organic solvents. Based on the systematic behaviors of the retention
times in the HPLC chromatogram and of the wavelength positions in the UV electronic
absorption spectra, the products are classified and their formation mechanism is discussed.

References:
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Matrix Effects on the Transformation of Nanodiamonds to Nano-Onions
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Nano-Carbon Research, Toudai Kashiwa Venture Plaza, 5-4-19, Kashiwa-no-ha, Kashiwa
277-0882 Chiba, Japan

Between the two major forms of carbon, graphite and diamond, diamond stepped into
nano-world earlier, in 1963. However, nanodiamond particles with average diameter of 4.3
nm synthesized by detonation of mixed explosives were acquired only as covalently bonded
aggregates. This fatal defect as a nano-material has hindered the subsequent development,
while the advent of fullerenes and nanotubes has pushed graphite up as one of the most
essential pieces for nanotechnology. Development of beads-assisted wet disintegration
methods broke this situation recently. The aggregates have been successfully broken up into
primary nanodiamond particles, resulting in drastic change from slurry to transparent brown
colloidal solution [1]. Hereby this 40-years-old material has become accessible to various
approaches, such as chemical modifications and fabrication of composite materials

Nanodiamond dispersed sol-gel silica glass was synthesized by using tetramethyl
orthosilicate and aqueous nanodiamond solution, and investigated by a high-resolution
transmission electron microscope (HRTEM). Transparent brown glass was obtained at a low
diamond concentration by following the standard procedure. As the diamond ratios increased,
the composite turned darker and less transmissive. HRTEM observation demonstrated that
wetting between diamond and silica is good enough to get nanodiamonds embedded in silica
matrix.

Distinct stabilization of diamond particles due to silica matrix was found when the
samples were annealed at 1050 °C in vacuo for densification of porous glasses. Most of the
nanodiamonds, especially particles completely surrounded by silica, remain intact, although
the same diamonds without silica start to convert into nano-onions at around 900 °C. Such
stabilized particles show tolerance even to intense electron beam irradiation. Apparently
nucleation of graphitic layer at diamond surface is the crucial point for the diamond-onion
transformation. Careful microscopic observation indicates the transformation mechanism
involving growth of spiroid [2] from surface to center of a nanodiamond particle.

References: [1] A. Kriiger, F. Kataoka, M. Ozawa, T. Fujino, Y. Suzuki, A. E. Aleksenskii, A. Ya. Vul’, E. Osawa,
Carbon 43, 1722 (2005). [2] M. Ozawa, H. Goto, M. Kusunoki, E. Osawa, J. Phys. Chem. B 106, 7135 (2002).
Corresponding Author: Masaki Ozawa

E-mail: ozawa@nano-carbon.com, Tel: 04-7140-8671, Fax: 04-7140-8893
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Crystal Structures of Discrete Cg Fullerides

Stabilized by Appropriate Triphenylmethane Cations

OTakahito Sugiura'?, Eiji OsawaZ, Hiroshi Moriyama'

! Department of Chemistry, Toho University, Funabashi, Chiba 274-8510, Japan
2 Nano-Carbon Research Institute Ltd,, Kashiwa, Chiba 277-0882, Japan

Quite limited number of X-ray diffraction data of Cg anion radical salts have been
reported,l) because of their intrinsic unstable nature of the radical anion. It has been hard to
obtain fulleride crystals suitable for X-ray diffraction analysis; if crystals are formed, they are
frequently small or twinned or have low resolution. The biggest obstacle for determining a
structure is an intrinsic disorder of C¢ anion radical originated from the Jahn-Teller distortion.
In this study, triphenylmethane dyes were used as counter cations to stabilize the Cgp anion
radical and to reduce orientational disorder. We have tried to electrocrystallize Cg anion salts,
stabilized by appropriate triphenylmethane dye cations. Only [Brilliant green] Cgo™ salt has
been so far characterized previously, we succeeded here to obtain crystal structures of another
twotriphenylmethane-dyes  (crystal violet and ethyl
violet)-stabilized Cgp anion radical crystals. These salts are
found to show rather stable semiconducting behavior.

Fulleride salts are synthesized and crystallized by
electrocrystallization of Ceo and dye in
chlorobenzene/ethanol in H-shaped glass cell equipped with
platinum electrodes under a constant current (1-10 pA) for
several weeks in an inert atmosphere. Spectroscopic data of
UV-vis and IR for these salts and physical properties such as Fig1  Crystal structure of
electric conductivity and magnetic susceptibility will be [Ethyl Violet] [Ceo]”
reported.

References:
(DC. A. Reed and R. D. Bolskar, Chem. Rev.,, 100, 1075-1120
(2000).

Corresponding Author: Hiroshi Moriyama
E-mail: moriyama@chem.sci.toho-u.ac.jp
Tel: 047-472-1211, Fax:047-476-9449

Fig2  Crystal structure of
[Crystal Violet] [Ceo]”
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Polymerization of C¢) Molecules Induced by Hole / Electron Injection
from a Scanning Tunneling Microscope Tip

ORyo Nouchi, Kosuke Masunari, Toshio Ohta and Yoshihiro Kubozono

Department of Chemistry, Okayama University, Okayama 700-8530, Japan,
and CREST, Japan Science and Technology Agency, Kawaguchi 322-0012, Japan

The scanning tunneling microscope (STM) is a powerful tool for nanoscale
modification of various surfaces. For the surface of closely packed Cg layer, carrier
(electron / hole) injection from an STM tip brings on the removal / movement [1] and
polymerization [2] of Cg¢ molecules. The removal and movement of Cg molecules are
possible to be performed at single molecular scale. The polymerization is, however, hard
to be achieved at single molecular precision because of the spatially spread of injected
carriers. In this study, the spreading effect was investigated by the imaging of
polymerized area before and after carrier injection.

The experimental procedure is as follows: The STM tip was placed on an injection
point at a certain tip-sample distance (sample bias voltage: 2.0 V, tunneling current: 0.2
nA). Then, the voltage pulse was applied with the duration of 30 s. The figure shown
below illustrates STM images taken sequentially after application of pulses with various
voltages. First, -3.0 V pulse was applied (Fig. a). In this case, holes are injected as
carriers since the applied sample bias voltage is negative. Second, -3.3 V pulse was
applied at the same injection point (Fig. b). Finally, electrons were injected by the
application of +3.0 V pulse (Fig. c). The fact that the diameter of the polymerized area
increases by hole and electron injections, as is shown in Figs. b and c, indicates that the
polymerization of C¢o monomers and the decomposition of polymers are induced by the
injection of both carriers. In addition, it should be noted that the distribution of the
polymerized molecules is ring-shaped. This fact suggests that the slowing down of
carriers is necessary for the polymerization of Cg, molecules.

X : Injection point. 50 x 50 nm?

References:
[1] K. Masunari et al.: The 29" Fullerene-Nanotubes General Symposium (2005) 1P-12.
[2] Y. Nakamura et al.: Surf. Sci. 528 (2003) 151.
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In-situ measurement of Raman scattering and AFM during laser-heated
ACCVD growth process of SWNTs

OShohei Chiashi, Yoichi Murakami, Yuhei Miyauchi and Shigeo Maruyama

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

We have built an atomic force microscope
(AFM) with Raman scattering measurement
capabilities and succeeded in synthesizing
SWNTs on the AFM sample stage [1] using
alcohol catalytic CVD method [2].

In this experimental apparatus, in-situ
measurement of Raman scattering and AFM
performed while SWNTs
synthesized by using “laser-heated”
cold-wall ACCVD method. Mo/Co metal
particles, which were directly loaded on the

WCIe were

silicon substrate [3], was used as the catalyst
and CW-Ar-ion laser (488.0 nm, 50.0 mW)
was used as the heating and Raman
Fig. 1 the
measurement of the intensity of the G-band

excitation. shows in-situ

ethanol gas supply

[=]
o

(c) temperature

(b) silicon

intensity (arb. units)
Temperature (°C)

o 2 4 6 8 0%
Time (min)

Fig. 1 . In-situ measurement of the Raman
scattering intensity from (a) SWNTs and (b)
the silicon substrate during the laser-heated

CVD process. The sample temperature (c) was
calculated from the temperature dependence of
Raman shift from the silicon peak (520 cm™ at
300 K).

(a) and Raman scattering peak from the silicon substrate (b) during the CVD process. The
sample temperature (c) was calculated from the temperature dependence of Raman shift of the
silicon peak [4]. About 40 s after the supply of the ethanol gas (0.1 Torr), the G-band appeared
at 1570 cm™. The G-band intensity increased with time, but the intensity increase stopped

about 4 min after the appearance of the G-band, which indicated the inactivation of the metal
catalyst particles and the stop of the SWNTs growth. In the waiting time for the G-band
appearance, SWNTs could not be found by in-situ AFM measurement.

[11S. Chiashi, et al., Chem. Phys. Lett., 386 (2004) 89-94.

[2] S. Maruyama, at al., Chem. Phys. Lett., 360 (2002) 229-234.
[31Y. Murakami, ef al,, Chem. Phys. Lett,, 377 (2003) 49-54.
[4] M. Balkanski, ef al., Phys. Rev. B, 28, 28 (1983) 1928-1934.
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Formation of Single-Wall Carbon Nanotubes in
Argon and Nitrogen Gas Atmosphere

oShinzo Suzuki', Nobuyuki Asai', Hiromichi Kataura®, and Yohji Achiba'

! Department of Chemistry, Tokyo Metropolitan University, Tokyo 192-0397, Japan
2Nanotechnology Research Institute, National Institute of Advanced Industrial Science and
Technology (AIST), Central 4, Higashi 1-1-1, Tsukuba, Ibaraki 305-8562, Japan

The formation of single-wall carbon nanotubes (SWNTs) using laser vaporization
technique in the different ambient gas atmosphere was investigated with the apparatus aimed
for photoluminescence mapping, that was recently constructed in our laboratory (Lambda
Vision Inc., PLE-2508).

Figure 1 shows a typical example of photo- sno
luminescence mapping of mono-dispersed
semiconductive SWNTs, those prepared with
Rh/Pd(1.2/1.2 atom%)-carbon composite rods
in nitrogen and in Argon gas atmosphere,
respectively. In  comparison with the

< Excitation wavelength / nm

well-known result for Hipco nanotubes [1],

. e e . . 900 i av 1500
the ch1ra11ty distribution is found to be Emission wavelength / nm
80

[%]
1

narrower for SWNTs prepared by laser
vaporization technique.

It is interesting to see that, in the case of
Argon, the peak corresponding to the chirality
(7,6) is found to be the main feature. This
chiral index is different from those reported

Excitation wavelength/ nm <

recently as size-selected nanotubes ((6,5) by 350 0 1500

CoMoCAT 2}, or (7,5) by DIPS [3]).

This study was partly supported by Figure 1.
Industrial Technology Research Grant Program from New Energy and Industrial Technology
Development Organization (NEDO) of JAPAN, and the Grants-in-Aid for Scientific Research
(B) (No.16351104) from MEXT.

References: [1] Bachilo et al., Science., 298, 2361(2002). [2] M. Zheng et al., J. Am. Chem. Soc., 126,
15490(2004). [3] T. Saito et al., Abstract of General Symposium for Molecular Structure, 2B17(2005).
Corresponding Author: Shinzo Suzuki

E-mail: suzuki-shinzo@c.metro-u.ac.jp Tel: +82-426-77-2533 Fax: +81-426-77-2525
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Synthesis of Horizontally-Aligned SWNTs with Controllable Density
on Sapphire Surface and their Polarized Raman Spectroscopy

OHiroki Ago,*’l’2 Naoyasu Uehara,” Ken-ichi Ikeda,” Ryota Ohdo,?
Kazuhiro Nakamura,” Masaharu Tsuji'>

! Institute for Materials Chemistry and Engineering, Kyushu University and CREST-JST,
Fukuoka 816-8580, Japan
’Graduate School of Engineering Sciences, Kyushu University, Fukuoka 816-8580, Japan

Recently, we have found that the horizontally-aligned single-walled carbon nanotubes
(SWNTs) are formed on R- and A-faces of sapphire substrates (o-Al,Os), which is promising
for nanoelectronics applications [1].  We used the colloidal particles of iron oxide with the
mean diameter of 4 nm, but the SWNT yield was relatively low [1].  Here, we report on the
facile synthesis of the aligned SWNTs on A-face sapphire with controllable nanotube density
and the results of their polarized Raman spectra.  The catalyst was prepared by simply
dipping a substrate into the methanolic solution of Fe(NO3)3-9H,0 and MoO»(acac),, where
the addition of Mo improved the catalytic activity and reproducibility. = The SWNT density
was controlled by changing the metal concentration of the solution (Fig. 1), and the high
nanotube density of > 20 pum™ was achieved. This high SWNT density allowed us to
measure the polarized Raman spectra, as shown in Fig. 2. The spectra clearly indicate the
formation of aligned and isolated SWNTs, not nanowires of metal or metal carbide.

Figure 1 (top) AFM images of SWNTs synthesized on
A-face sapphire substrates. The different metal concentrations
were used; (a) 1 X107, (b) 1X 10, (c) 1 X10° M.

x5 1592

Figure 2 (right) Polarized Raman spectra of SWNTs on the
A-face sapphire measured for the high density SWNT array.
The VV-configuration with 514.5 nm excitation was
employed.

Intensity (arb. unit)

Acknowledgements The authors acknowledge support
from CREST of Japan Science and Technology, Grant-in-aid

A 60°
for Scientific Research from MEXT (#16710087), and Nissan [T weierd o

and Tketani Science Foundations. 1515 4 90°
References [1] H. Ago, K. Nakamura, K. Ikeda, N. Uehara, N. 100 200 300 1300 1400 1500 1600 1700 1300
Ishigami, M. Tsuji, Chem. Phys. Lett., 408, 433 (2005). Raman Shift (cm™)
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Effects of typical metallic Elements added as Catalysts for production
of DWCNTs by DC-Are discharge method

OHideki Inakura

THE HONJO CHEMICAL CORPORATION
19-7, NIWAJIHONMACHI 4-CHOME NEYAGAWA-CITY OSAKA, JAPAN

Arc discharge method can produce several type carbon nanotubes such as Single-Wall
nanotube and Multi-Wall nanotubes. Especially, under the condition that mixture of
transition metallic elements (Co, Ni, Fe) and sulfur is added as catalysts and Hydrogen
is added in atmosphere, Double Wall carbon nanotube grows selectively. Because of
the necessity of catalysts, Single and Double wall nanotubes as produced include metal
particles with graphite shell. This particles cause many problems such as difficulty of
purification, damaged CNTs by heating process for instance FED manufacturing
process, and so on.

In this study, we tried to synthesis DWCNTs from catalysts including typical metallic
elements. We have used typical metallic elements (selected form Cu, Zn, Sn) and
transition metallic elements (selected from Co, Ni, Fe) and Sulfur as catalysts. These
elements and graphite powder were mixed and filled in graphite rods with hole. Using
these rods as anode, DC-Arc discharge was generated in reaction chamber filled with
hydrogen and argon mixture.

As a result, some kind of typical metallic elements with out Iron group elements were
not effective to growth of CNTs. But mixing typical metallic elements with usual
catalysts (Mixture of transition metallic elements and Sulfur) is not only critical to
growth of DWCNTSs, but also enhance that effect.

References: [1}J.L.Hutchison,et.al.,Carbon,761-770,39(2001)
[2]Y.Saito,et.al.,J.Phys.Chem.B,931-934,107(2003)
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Selective Diameter-Control of Single-Walled Carbon Nanotubes by the
Enhanced Direct-Injection-Pyrolytic-Synthesis (DIPS) Method

O! Takeshi Saito, ! Satoshi Ohshima, **Wei-Chun Xu, 13 Koji Matsuura, 1"‘Toshiya Okazaki,

' Motoo Yumura and ! Sumio Iijima

'Research Center for Advanced Carbon Materials, National Institute of Advanced Industrial
Science and Technology (AIST), Tsukuba 305-85635, Japan
*Institute of Research and Innovation (IR]), Kashiwa Laboratory, Kashiwa 277-0861, Japan
> Japan Fine Ceramics Center, c¢/o Research Center for Advanced Carbon Materials, AIST,
Tsukuba 305-8565, Japan

*CREST, Japan Science Technology Corporation, ¢/o Research Center for Advanced Carbon
Materials, AIST, Tsukuba 305-8565, Japan

The controlled synthesis of single-walled carbon nanotubes (SWCNTs) in the structural
characteristics, i.e., diameter, length, number of defects and so forth, is an enabling step for
realization of their many potential applications and fundamental studies requiring defined
nanotube structures and properties. Above all, the controllability of the tube diameter would
be the key to the chirality-controlled synthesis of SWCNTs. At the last symposium, we
reported the selective diameter-control method in the SWCNTs synthesis, designated the
Direct Injection Pyrolytic Synthesis (DIPS) method" 2. Our results suggested that this method
can tune the mean diameter of SWCNTs at any point within the range from ca. 0.8 nm to 2.0
nm selectively.

Here, we will report the details of the reaction conditions, such as reaction temperature and

carbon sources at the meeting.

HipCo process

References:1; Saito, T. et al., J. Phys. Chem. B, 2005, 109, 10647-10652.

2; Saito, T. et al., The 28th Fullerene-Nanotubes General Symposium, 1-9.
Corresponding Author: Takeshi Saito
E-mail: takeshi-saito@aist.go.jp Tel&Fax: +81-29-861-4863 (Fax: 3392)
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Super Growth: Shape Engineerable Single Walled Carbon Nanotube
Solid as Flexible Conducting Mesoporous Material

O Don N. Futaba®!, Kenji Hata!, Tatsuki Hiraoka', Takeo Yamada!, Kohei Mizuno',
Yuhei Hayamizul, Tatsunori Namai'i, Yozo Kakudate', Osamu Tanaike', Hiroaki
Hatori', Koji Miyake', Shinya Sasaki', Motoo Yumura' and Sumio Iijima'

! National Institute of Advanced Industrial Science and Technology (AIST), Tsukuba,
305-85635, Japan
2 Japan Fine Ceramics Center, (AIST), Tsukuba, 305-85635, Japan

We present a new form of carbon nanotubes material where CNTs are aligned
and packed densely in a bulk solid. This SWNT sold is fabricated from liquid-induced
lateral collapse of the as-grown sparse SWNT forest synthesized by super-growth CVD
[1]. The high-density packing follows from the alignment of the forest structure, and
the resultant SWNT solid material displays a 20x increase in mass density (73% of the
ideal) and a 70x increase in the Vickers hardness while retaining its alignment and high
BET surface area. As such, SWNT solid is an ideal form of CNTs for material and
energy storage. The high surface area and well-defined microscopic structure imply that
SWNT solid can be regarded as mesoporous material which is conductive and flexible.
In addition, we can engineer shapes during the solidification process suitable for various
applications. These unique characters make SWNT solid as a valuable material for
supercapacitor electrodes and flexible heaters. Furthermore, we show how partial
shrinking of the as-grown material creates a “handle” for strong mechanical and/or

electrical connection, such as commutator contacts for a DC motor. Through this

method, the SWNT “brush” shows exceptional
tribological character and wear rate and can used be as
electrical contacts. The SWNT solid promises to §
open new frontiers in within the carbon nanotube field.

References:
[1] K. Hata et al, Science, 306, 1241 (2004).
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Fluorination of Carbon Nanotubes, Structures and Properties

OHidekazu Touhara*, Hideki Arikai *, Yoshio Nojima®, Fujio Okino®, Y. A. Kim®,
Morinobu Endo®, Shinji Kawasaki ©, Hiromichi Kataura”, Masako Yudasaka® and
Sumio Lijima®™F

4 Facultyc of Textile Science and Technology, ® Faculty of Engineering, Shinshu
University, ~ Graduate School of Engineering, Nagoya Institute of Technology,

b Nanotechnolo§y Research Institute, National Institute of Advanced Industrial Science
& Technology, “NEC Corporation, F Meijo University

Fluorination is one of the most effective chemical method to modify and control the
structural and physical properties of carbon materials [1]. Fluorination is also effective
for property control and functionalization of single-walled carbon nanotubes (SWNTs)
[2]. In this paper, we report fluorination of various forms carbon nanotubes, and
structures and properties of resulting compounds by the comparative methods. The
nanotubes used were purified SWNTs (1.4-1.5 nm in diameter), double-walled carbon
nanotubes (DWNTs, consisted of two pairs of DWNTSs; inner tube:outer tube diameter
(nm) = 0.7:1.3 and 0.9:1.58, respectively), cup-stacked carbon nanotubes
(Cup-CNTs(GSI Creos Co.), 50-150 nm in diameter, 10-30 nm in wall thickness), and
single-walled carbon nanohorns (NHs) and hole-opened carbon nanohorns (h-NHs).

The fluorination was carried out in the temperature range RT-773 K using 1 atm
elemental fluorine. The limiting stoichiometry was CFys for SWNTs [2] and CFg3 for
DWNTs indicating outer surface fluorination without disrupting the double-layered
morphology [3]. RT fluorination was possible for Cup-CNTs with the stoichiometry
CFo4s [4]land h-NHs with CFgg4. Very interestingly, elemental fluorine was desorbed
from the fluorinated h-NHs by heat treatment and/or evacuation indicating F, storage
ability of the h-NHs. The discharge performance of Li cells with fluorinated carbon
nanotues (F-CNTs) cathodes will also be reported [5].

1) H. Touhara and F. Okino, Carbon, 38, 242 (2000).

2) S. Kawasaki et al., Phys. Chem. Chem. Phys., 6 ,1769 (2004) and references cited therein.
3) H. Muramatsu, et al., Chem. Commun., 15, 2002. (2005).

4) H. Touhara, Mat. Res. Soc. Symp. Proc. Vol. 85E, HH12.3.1 (2005).

5) H. Touhara, Fluorinated Materials for Energy Conversion, Chap. 4, Elsevier (2005).
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Nonlinear Optical Waveguide Device Using Carbon Nanotube-
Polyimide Composite Material

oShun Matsuzaki'?, Taro Itatani', Emiko Itogal, Masahiro Igusal, Hiromichi Kataura',
Madoka Tokumoto'?, Kohtaro Ishida®, Youichi Sakakibara'

"National Institute of Advanced Industrial Science and Technology (AIST), Tsukuba 305-8565
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Optical waveguide using single-wall carbon nanotube (SWCNT) saturable absorber in a
core is a very promising nonlinear optical device for optical telecommunication that enables
strong confinement of light in the core with a long light-matter interaction length. The
waveguide structure is also very important in that heat accumulation which inevitably follows
the saturable absorption is expected to decrease by attaching efficient heat sink mechanisms.

Previously, we reported an optically uniform SWCNT-polyimide composite that may be
usable as a core material.[1] With this material, in this study we have fabricated a buried
waveguide structure. As shown in Fig. 1, a ridge core made of SWCNT-polyimide was
formed on a SiO»(15um)/Si substrate by a reactive ion etching (RIE) method. This core was
then buried with an epoxy resin with a refractive index almost equal to SiO,. Figure 2 proves
the formation of a buried waveguide.

Linear and nonlinear optical properties of the waveguide will be also reported.

air

epoxy clad

core

SiO;

Si

Fig. 1 SEM image of ridge core structures. Fig. 2 Optical microscope image of a cross section.

A part of this work was conducted in AIST Nano-Processing Facility, supported by
"Nanotechnology Support Project” of the Ministry of Education, Culture, Sports, Science and
Technology (MEXT), Japan.

[1] The 29th Fullerene-Nanotubes General Symposium, abstract p.55.
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Carbon nanotube transparent flexible transistors
using solution process
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‘PREST, Japan Science and Technology Corporation, Kawaguchi 330-0012, Japan
Tokyo Institute of Technology, Yokohama 336-8502, Japan

Now, flexible transistors based on a transparent semiconductor are an important
focus of research, since the fusion of flexible electronics and transparent electronics
is proposed for a number of novel applications. A promising application of
transparent flexible thin film transistors (tf-TFTs) is their use as pixel switches in
flexible active-matrix display. When we manufacture electronic devices of the
display, we have to consider the process. We can simplify the fabrication
sequence of large area displays by solution processes. Recently, tf-TFTs have been
reported in single-walled carbon nanotubes (SWNTs) [1]. SWNT tf-TFTs showed
high performance (hole mobility about 15, on to off ratio 10° ). In addition, the
transistors were highly flexible and could be bent to a radius of 8mm without
significant loss in performance. This indicate that SWNTs have high flexibility and
good use suitability for flexible electronic devices. However, the transistors were
fabricated by a complicated process of transferring SWNTs from high-temperature
growth substrates to flexible ones.

Here, we demonstrate SWNT tf-TFTs based on solution process which is simpler
to apply than one of the reported SWNT tf-TFT. Our tf-TFT exhibits hole mobility
about 0.5 cm?/Vs, on-to-off current ration of ~10% and the minimum radius of
7.5mm. This performance approaches the level needed as pixel switches. This work
therefore represents a major step towards °‘large area transparent plastic

electronics’.

[1] Seung-Hyun Hur, O Ok Park, John. A. Rogers, Applied Physics Letters 86,
243502 (2005)
Corresponding Author : Tetsuo Takahashi
E-mail: tetsuo@imr.tohoku.ac.jp, Tel: +81-22-215-2032, FAX: +81-22-215-2031
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Individual solubilization of carbon nanotubes
using polyimides

Masahiro Shigeta®, Masaharu Komatsu, Naotoshi Nakashima

Department of Chemistry and Biochemistry
Graduate School of Engineering, Kyushu University
744 Motooka, Fukuoka 819-0395, Japan

Carbon nanotubes (CNTs) have a high potential for applications in energy, electronics, IT
and materials. However, their insolubility in solvents has hindered chemical approaches using
CNTs. Our interest is focused on the fundamental properties and applications of soluble carbon
nanotubes in aqueous and organic systems”. Polymer wrapping is a powerful technique to
construct CNTs-polymer composite materials. Polyimides are based on stiff aromatic backbones,
and total aromatic polyimides are especially suitable polymers having unusual mechanical
strength and high resistanve to heat and chemical reactions. Combination of carbon nanotubes
and polyimides is expected to play.an important role in the development of novel nanocarbon
composite polymers with high performance. We found that the polyimide results in individually
dissolved SWNT solutions”. Here, we describe the individually dissolution of SWNT and the
formation of an organic gel of SWNTs/polyimide.

Polyimide was produced from 1, 4, 5, 8-naphthalenetetracarboxylic dianhydride and 4,
4’-diaminodiphenyl ether-2,2’-disulfonic acid, followed by neutralization with triethylamine.
Typical procedures for the preparation of nanotube solubilization were as follows. A prescribed
amount of SWNTs was added to a DMSO solution of the polyimide, and the mixture was
sonicated for 1 h, followed by optional centrifugation at 10*g. Higher concentrations of SWNTs
in polyimide solutions form a gel composed of individually dissolved SWNTs. The visible-near
IR spectra of SWNTs/the polyimide showed characteristic features assignable to individually
dissolved SWNTs. We also report fluorescence behaviors in the near-IR region, at the meeting.

References: 1) N. Nakashima, International J. Nanoscience 4 (2005) 119
2) M. Shigeta, M. Komatsu, N.Nakashima, Chem. Phys. Lett., in press.
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Electronic Properties in Mobius Nano-Carbon Materials
Kikuo Harigaya
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Recent theoretical developments on topological materials, Mbius nanographite and Mobius
conjugated polymers, are reported. (I) In nanographite systems with the Mobius boundary
condition, there appears a novel magnetic domain. However, this domain state competes
against the helical magnetic states. Total energies of the latter states are always lower than that
of the former state. Additionally, the domain wall appears in the charge density wave states.
(1D Optical properties of Mébius conjugated polymers are studied. We discuss that oligomers
with a few structural units are more effective than polymers, in order to measure effects of
discrete wave numbers which are shift by the Mobius boundary from those of the periodic
boundary. Certain components of the optical absorption for the electric field perpendicular to the
polymer axis mix with the absorption spectra for the electric filed parallel with the polymer axis.
The polarization dependences of electric field of light can detect whether conjugated polymers
have the Mobius boundary or not.
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Phys. Soc. Jpn. 72 (2003) 998-1001.
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Band Gap and Quasiparticle States in Carbon Nanotubes
Takashi Miyake, Yoshio Akai, and Susumu SaitoO
Department of Physics, Tokyo Institute of Technology, Meguro-ku, Tokyo 152-8551, Japan

It is now well known that carbon nanotubes can show a variety of electronic properties
depending on their network topology. One kind of achiral nanotubes, so-called armchair
nanotubes, are metallic, while other nanotubes are semiconducting with moderate or narrow
fundamental gap depending again on their network topology [1]. These rich electronic
properties have attracted a great deal of interests in carbon nanotubes as next-generation
electronics materials [2]. On the other hand, ironically due to this rich variety of network
topology, a crystalline sample with uniform-topology nanotubes has not been produced yet,
and the detailed geometries and the important electronic properties of nanotubes have not
been measured experimentally with enough accuracy for a device use. Therefore, so far the
predictive first-principles electronic-structure study has played an important role in this field.
Their geometry deviations from graphite values such as bond lengths and angles are found to
give sizable deviations in their electronic states using the density-functional theory [3]. Also
we have studied the fundamental-gap values of semiconductor nanotubes using the
state-of-the-art Green’s function method called the GW approximation [4,5]. In this study [6]
we report the systematic analysis of the so-called zigzag nanotubes including metallic
nanotubes, moderate-gap semiconductor nanotubes, and the narrow-gap semiconductor
nanotubes using the GW approximation, and discuss quasiparticle states and fundamental-gap
values which should be measured not via photoabsorption/luminescence experiments but via
photoemission and inverse photoemission experiments as well as STS experiments.
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Fabrication and Properties of Self-assembled Monolayers modified with

Cgo—Derivative Fixed on Gold Nanoparticles

(ONoriaki Ikeda, Chyongjin Pac, Hiroshi Moriyama

Department of Chemistry, Faculty of Science, Toho University, Miyama, Funabashi,
Chiba 274-8510, Japan

Electrode modifications have attracted much attention in the study of organic semi-
conductor devices in the recent years. From the viewpoint of optimization of the device
efficiency, it has been recognized that organic/inorganic interface plays an important role. A
variety of methods have been adopted to form fullerene molecular films, e.g., drop coating,
Langmuir-Blodgett (LB) technique, self-assembled monolayers (SAMs). Among those, the
formation , electrochemistry, photoelectrochemistry, and surface properties of fullerene SAMs
have been much reported. Here, we synthesized Ceo-derivatives whose SAMs were
fabricated on solid substrate (Au electrode, ITO, quartz) (I). Moreover, multi-layer (II) was
successfully prepared (Fig. 1). The modified films were characterized by UV-vis spectroscopy,
cyclic voltammetry, X-ray photoelectron spectoroscopy (XPS), and scanning electron
microscope (SEM) (Fig. 2). The electrochemical and photoelectrical properties of those films

were investigated. Details will be reported.

Fig. 1 SAMs of Cgoderivatives (I) and multi-layer
(IT). AuNP indicates gold nanoparticle.

1) X. Shi, W. B. Caldwell, K. Chen, and C. A. Mirkin, J. Am. Chem. Soc., 116, 1159811599 (1994).
Corresponding Author: Hiroshi Moriyama
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Electrochemistry of an Open-Cage C,, Embedded in a Film on an
Electrode in an Aqueous Media

(OMasaharu Komatsu', Kenichi Watanabe!, Ayumi Ishibashi', Yasuro Niidome',
yu

Michihisa Murata’®, Yasujiro Murata®, Koichi Komatsu?,

and Naotoshi Nakashima!

'Department of Applied Chemistry, School of Engineering, Kyushu University, 744
Motooka, Nishi-ku, Fukuoka 819-0395, Japan, *Institute of Chemical Research, Kyoto
University, Gokasho, Uji, Kyoto 611-0011, Japan

Abstract: “Molecular surgery” of Cg, started since 2001.'?
Rubin ez al. developed a synthetic methods to open a cage on
Ce', and Komatsu et al. described a “molecular suture” of
open-caged Cq°. The goal of this study is to understand an
electron transfer between an electrode and the open-cage Cq,
on electrodes. Here, the electron transfer between electrode
and open-cage Cg, 1°, embedded in the artificial lipid-like
amphiphilic compound, tetra-n-octylammonium bromide
(TOAB), film is described.

Four-consecutive one-electron reduction waves from C,
moiety of 1 were observed in cyclic voitammogram for a
I/TOAB film on a basal-plane pyrolytic graphite (BPG)
electrode. On the contrary, no electrochemical
communication was detected for a cast film of 1 solely on
BPG.  Stronger binding of electrogenerated 1-anions with
TOAB is considered to be important for the electrochemistry
of 1 on the electrode.*

Br
H,C(H,C), +,(CH,),CH,

N
H;C(H,C); " (CH2);CH,

TOAB

References: 1) Y. Rubin, ez al., Angew. Chem., Int. Ed. Engl., 40, 1543 (2001). 2) Y. Murata, M.
Murata, et al., J. Am. Chem. Soc., 125, 7152 (2003). 3) Y.Murata, ef al., J. Eur. Chem., 9, 1600 (2003).

4) N. Nakashima, “Fullerene Lipid Films”, in “Encyclopedia of Nanoscience and Nanotechnology,
Vol. 37, Ed. by Hari Singh Nalwa, American Scientific Publishers, 2004, pp. 545-565.
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Synthesis and Properties of a New C¢-TTP Hybrid System

OTakahiro Ikeuchi, Hisakazu Miyamoto, Yohji Misaki

Department of Applied Chemistry, Faculty of Engineering, Ehime University

Recently  Cgo—tetrathiafulvalene  (TTF)
systems have attracted much attention as
light-induced charge-separation systems for
photovoltaic devices. We have found
bis-fused TTF[2,5-bis(1,3-dithiol-2-ylidene)
1,3,4,6-tetrathiapentalene] (TTP , 1) and it’s
derivatives have produced many organic
metals stable down to low temperatures. In
this connection, hybrid systems composed of
Ceo and TTP (2) are of interest as single
component conductors as well as
photoinduced electronic materials. We report

TH<ITH<X

T

1

:R=H

1a : R=SMe

2a : R=SMe

2b : R=SHex

herein synthesis and properties of a Cgo-TTP hybrid system 2.

The synthesis of 2a,b has been achieved by Bingel-type cyclopropanation reaction
between 3 and Cg with CBry and DBU in toluene. Cyclic voltammograms of 2a,b
consist of three pairs of oxidation waves corresponding to the TTP moiety, and four
pairs of reduction ones due to Cgy moiety (Table 1). The reduction potentials of 2a in
o-dichllorobenzene (0-DCB) are comparable to those of Cgp. On the other hand, the
oxidation potentials of 2a,2b in C¢HsCN are lower than those of la due to

electron-withdrawing effect of Cgo.
0o o

Ceo

. SHS S>=<S e DBU/CBr,

3a,b

Table 1 Redox potentials of 2a,b and their related compounds
(Vvs.Fc/Fc', 0.05 M BuyNPFs )

toluene

S\/\o

SMe

2a,b

Compound solvent  E> E> E> E> E® E® E% E™
2a o-DCB 0.02 026 0.46 -1.20 -1.56 -2.01 -2.54°
2a CHsCN 0.10 0.31 059 0.73
2b CsHsCN  0.10 0.31 059 0.73
Ceo o-DCB -1.18 -1.58 -2.03 -2.62°
1la CHsCN 0.06 027 058 0.71

“Irreversible wave. Cathodic peak potentials.

References: Dirk M. Duldi,et al.,J. Org.Chem., 68, 779 (2003)
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Synthesis and Photophysical Properties of [60]Fullerene Adducts
Carrying Oligocarbazole Moieties

(OTakashi Konno, Yosuke Nakamura, Satoru Watanabe, Masato Suzuki, and Jun Nishimura
Department of Nano-Material Systems, Graduate School of Engineering, Gunma University

[60]Fullerene—donor dyads linked by covalent bondings have attracted much interest
from the aspects of charge-separated states arising from the intramolecular photoinduced
electron transfer. Especially, porphyrins and related compounds have been extensively
utilized among a variety of donor moieties. In contrast, there have been only a few examples
of carbazole-linked fullerene adducts, although carbazole is a good electron donor known as a
component of photoconductive poly(N-vinylcarbazole) (PVCz). Quite recently, we have
successfully prepared [60]fullerene adduct 1 bearing a carbazole residue by using Bingel
reaction. Unexpectedly, the photoinduced electron transfer via the excited states of
[60]fullerene was not evidently detected in adduct 1. Aiming
at the construction of further new fullerene-donor dyad systems,
the introduction of two carbazole moieties or oligocarbazole
moieties onto the [60]fullerene surface was examined. We
have designed three [60]fullerene adducts 2-4 bearing two
carbazole or oligocarbazole moicties attached to the
cyclopropane ring symmetrically. The trimeric carbazole
moieties in 4 have larger m-conjugated system and more
electron-donating property than the single carbazole systems in
2 and 3. The synthesis (Scheme 1) and photophysical 1
properties of 2—4 are presented in detail.

O O
PR /U\/U\ P Ceo, CBry, DBU
R* O O R
toluene, r.t.
5,6,and?7

2and5:R=

Scheme 1.

*Corresponding author: Yosuke Nakamura
E-mail: nakamura@chem.gunma-u.acjp Tel: +81-277-30-1312 Fax: +81-277-30-1314
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Confirmation of Chemical Modification of Carbon Nanotubes
Using Gold Particles as Reaction Indicator

° Hiroaki Azehara,' Yuka Kasanuma,' Takaharu Okajima,' Tadashi Fujieda,” Toshio Yasuda,*
Motoyuki Hirooka,? Kishio Hidaka,> Mitsuo Hayashjbam,2 and Hiroshi Tokumoto'

'Nanotechnology Research Center, Research Institute of Electronic Science,
Hokkaido University, N21 W10, Kita-ku, Sapporo, Hokkaido 001-0021, Japan
*Materials Research Laboratory, Hitachi Ltd., 7-1-1 Omika-cho, Hitachi-shi,

Ibaraki 319-1292, Japan.

Chemical modification of carbon nanotubes (CNTs) is a key factor to increase their
solubility, change their optical and electrical properties, and so on. At the same time, CNTs
are believed to be ideal tips for scanning probe microscopes.! Especially, for chemical force
microscopes” with molecular resolution, we must combine these two techniques and develop
AFM with chemically modified CNT-tips. Prior to the usage, the CNT-tip ends should be
confirmed that they are properly modified chemically. However, conventional spectroscopic
methods can hardly confirm the chemical states of the CNT-end because the amount of their
functional groups is too small to be detected.

In the present study, we try to label functional groups of CNTs with gold nano-particles.
Since thiol atoms form covalent bonds with gold ones, we introduce thiol groups to CNTs at
the final step of their modification and then exposed them to colloidal gold sol. The pale red
gold sol decolorized immediately after it was contacted with the solution of CNTs, suggesting
successful adsorption of gold particles to the CNT-ends. Further, the adsorption of gold
particles to CNT-ends was more evidently confirmed by scanning transmission electron
microscopy and atomic force microscopy. Based on these results, it is concluded that gold
particles can be used as an indicator for thiol groups tethered to CNTs, and therefore as a
confirmation means of the chemical modification of CNTs.

References

(1) T. Uchihashi, N. Choi, M. Tanigawa, M. Ashino, Y. Sugawara, H. Nishijima, S. Akita, Y. Nakayama, H.
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Fullerene Derivatives Bound to Oxygen - Synthesis,
Photophysical behavior, and Generation of Singlet Oxygen

Takeshi Honma', Takumi Hara', Yusuke Tajimal,
Mikio Hoshino!, Shiro Matsumoto’, Kazuo Takeuchi'?

INanomaterial Processing Lab., RIKEN, Wako, 351-0198
’Depertment of Chemical Engineering, Saitama University, Saitama, 338-8570

Recently, we reported that the acetalization of fullerene epoxides with several carbonyl
compounds readily takes place in the presence of Lewis acid to afford the corresponding
1,3-dioxolane derivatives of Cg.[1] Furthermore, we found that fullerene mono oxide,
Cs00 1 gives 1,2-fullerene diol 3 with the use of Bronsted acids as catalysts.[2]

In this paper, we present photophysical
properties of the triplet states of Cgp and
several fullerene derivatives 1-3 (Fig.1)
in toluene studied by laser flash
photolysis. T-T absorption spectra of 1-3
are located at the wavelengths shorter
than that of Cgo. The triplet lifetimes
were determined by monitoring the
decay of the T-T absorption spectra. The
triplet states of Cg and 1-3 were
effectively quenched by oxygen via
energy transfer. The formation of the singlet oxygen (‘O;) was confirmed by
observation of the emission spectrum of 'O,. In the formation of 'O, observed for
toluene solutions of Ceg and 1-3, the difference in quantum yield is hardly discernible.

© 30

Fig.1 Fullerene derivatives
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Fig.2 Emission spectrum from singlet oxygen generated by
laser irradiation (532 nm) of Cgo and fullerene derivatives.

[1]1Y. Shigemitsu, M. Kaneko, Y. Tajima, K. Takeuchi, Chem.Lett., 2004, 33 (12), 1604-1605.
{2] T. Honma, Y. Tajima, D. Yamazaki, T. Sasaki, K. Takeuchi, K. Tanaka, The 29% Fullerene-Nanotubes
General Symposium, 66 (2005).
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Organofullerenes Highly Soluble in Polar Solvents
OKiminori Kawakami and Jun Enda

Mitsubishi Chemical Group Science and Technology Research Center, Inc
1000, Kamoshida-cho Aoba-ku, Yokohama 227-8502, Japan

We previously reported the synthesis of air-stable organofullerenes by
mono-methylation of pentaorgano-monohydro[60]fullerene that Nakamura et al. had
developed.'? These fullerene derivatives exhibit not only unique properties but also sufficient
stability as commercial products. However, they are insoluble in esters such as PGMEA
(propylene glycol monomethy ether acetate), a polar solvent generally used in industrial
processes. In this study we prepared Cgo(4-CsHsOCOR)sMe (1) with various R group and
evaluated the solubility of the products in polar solvents.

Compounds la-1g were prepared in quantitative
yield by esterification of Cgo(4-C¢H4sOH)sMe under
basic condition with a small excess of acid chlorides
(RCOCI). Among them, derivatives with linear R group
(ie. la-1c) exhibited low solubility in PGMEA(<
5mg/mL). On the other hand, derivatives with branched
R group such as 1d-le exhibited higher solubility in
PGMEA (> 50mg/mL). Further, derivatives which
possess bulky rotatable part on the ester moiety (1f-1g)
exhibited excellent solubility. In this context,
Ce0(4-CsH4OCH,COO-1-C4Hg)sMe also exhibited 12: R
remarkable solubility in PGMEA (> 100mg/mL). 44.gr
Further, we will discuss thermal and optical properties R

=CH;, 19: R= CZH51 ic:R= n-C3H-,
i-C3H-,, 1_e: R= t-C4H9,
CHz-i'C3H1, 19: R= CHz-t'C4H9

I=

as well as air -stability of these derivatives.
In this presentation, we will also introduce other fullerene derivatives available by

Mitsubishi Chemical group.
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Organic and Organometallic Derivatives of Dihydrogen-encapsulated
[60]Fullerene

O Yutaka Matsuo, Hiroyuki Isobe, Takatsugu Tanaka, Yasujiro Murata,
Michihisa Murata, Koichi Komatsu, and Eiichi Nakamura

Nakamura Functional Carbon Cluster Project, ERATO, Japan Science and Technology
Agency, and Department of Chemistry, The University of Tokyo, and Institute for
Chemical Research, Kyoto University

Abstract: Regioselective multi-addition reaction of organocopper and amine
compounds onto dihydrogen encapsulated [60]fullerene, Hy@Cqo, produced a variety of
organic and organometallic derivatives of Hy@Cgo. The X-ray crystallographic analysis
of dihydrogen encapusulated bucky ferrocene, Fe(H,@CeoPhs)CsHs, showed the
presence of the dihydrogen molecule located almost in the center but slightly away from
the ferrocene moiety. The "H NMR chemical shift values for the encapsulated molecular
hydrogen indicated that these values are susceptible to the magnetic environment of
inside as well as outside of the fullerene cage.

K*(thf)g

PhMgBr phPh
(15eq.)

under Os
CgHsCI/DMSO (4/1)
2h

l amine (6.0 eq.)
25°C1

References: Matsuo, Y.; Isobe, H.; Tanaka, T.; Murata, Y.; Murata, M.; Komatsu, K.;
Nakamura, E. J. Am. Chem. Soc., in press.
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Ionization and Chemical Functionalization of Gd@Cs,

OTakayoshi Kono', Yoichiro Matsunaga', Tsukasa Nakahodo', Takahiro Tsuchiya',
Takatsugu Wakahara', Yutaka Maeda®, Takeshi Akasaka", Shingo Okubo®, Tatsuhisa
Kato®, Naomi Mizorogi’, Kaoru Kobayashi’, Shigeru Nagase®

ICenter Jor Tsukuba Advanced Research Alliance, University of Tsukuba,
A Tsukuba, Ibaraki 305-8577, Japan
Department of chemistry, Tokyo Gakugei University, Koganei, Tokyo 184-8501, Japan
? Institute for Molecular Science, Okazaki, Aichi 444-8585, Japan
* Department of Chemistry, Josai University, Sakado, Saitama 350-0295, Japan

Chemistry of endohedral metallofullerenes is one of the most exciting topics in
the fullerene science. They could give rise to new species or materials with novel
properties which are unexpected for hollow fullerenes”. Among these, Gd@Cs; is of
‘particular interest because of the relationship which has potential for some new
materials such as MRI contrasting agents®™. The derivatization of Gd@Cs; is a key step
for developing its application in the field of medicinal use.

Recently, we have verified the carbon cage symmetries of several endohedral
metallofullerenes by the NMR measurement. Meanwhile, we have found that the
addition of adamantylidene carbene to La@Cs, selectively proceeds to afford the
mono-adduct”. The selectivity of the reaction is very important for further applications.

In this context, we report here the chemical characterization of Gd@Cs; by means
of *CNMR measurement of its anion and the regioselective reaction of Gd@Cs, with

adamantanediazirine.
N
\ hy
+ N —
Gd@Cs:
References Gd@Cs2(Ad)
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3) Zhang, Y. et al. Chem. Lett. 2005, 34, 1264

4) Chen, C. et al. Nano Lett. 2005, 5, 2050

5)Maeda, Y. et al. J. Am. Chem. Soc. 2004, 126, 6858.
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Isolation and Characterization of La@C74(CsH3Cl)-1I

OTakashi Kikuchi,! Hidefumi Nikawa,' Takatsugu Wakahara,' Tsukasa Nakahodo,'
Takahiro Tsuchiya,1 Takeshi Akasaka,' G. M. Aminur Rahman,' Yutaka Maeda,?
Kenji Yoza,? Ernst Horn, * Naomi Mizorogi,” and Shigeru Nagase®

!Center for Tsukuba Advanced Research Alliance, University of Tsukuba, Tsukuba
Ibaraki 305-8577, Japan
?Department of Chemistry, Tokyo Gakugei University, Koganei, Tokyo 184-8501, Japan
3Bruker AXS K. K., Yokohama, Kanagawa 221-0022, Japan
?Department of Chemistry, Rikkyo University, Tokyo 171-8501, Japan
3 Department of Theoretical Molecular Science, Institute for Molecular Science, Okazaki,
Aichi 444-8585, Japan

In 1991, Smalley and co-workers reported that La@Ce, La@Crs, and La@Cs;
were produced in the soot, but only La@Cs, was extracted with toluene'. Since then, the
chemistry of soluble metallofullerenes has been started by centering on that of La@Cs,
and up to now many soluble endohedral metallofullerenes have been separated and
characterized. However, insoluble metallofullerenes such as La@Cso and La@Crs
have not yet been isolated although they are regularly observed in the raw soot by mass
spectrometry.

Recently, we have reported the first isolation of La@C74 as a metallofullerene
derivative?. Three isomers, La@C74(C¢H3CL) Ia-Ic, were isolated and their 'H and BC
NMR spectra indicate that they have the same cage structure in which the addition
position of the dichlorophenyl group affords different structures. Finally, the X-ray
crystallographic analysis of isomer Ia unambiguously verified the structure of the novel
endohedral metallofullerene derivative with the C74(Ds5) cage.

We herein report the isolation of new isomers, La@C74(CsH3Cl) Ila-Ilc, and their
structural determination by mass and spectroscopic measurements.

1) Y. Chai, T. Guo, C. Jin, R. E. Haufler, L. P. Felipe, F. Chibante, J. Fure, L. Wang, M. J. Alford, R. E.
Smalley, J. Phys. Chem. 1991, 95, 7564-7568.

2) H. Nikawa, T. Kikuchi, T. Wakahara, T. Nakahodo, T. Tsuchiya, G. M. A. Rahman, T. Akasaka, Y.
Maeda, K. Yoza, E. Horn, N. Mizorogi, S. Nagase, J. Am. Chem. Soc. 2005, 127, 9684-968S5.
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Isolation and Characterization of Gd,@C;

O Yuji Takematsu', Takayoshi Kono', Tsukasa Nakahodo', Takahiro Tsuchiyal,
Takatsugu Wakahara', Yutaka Maeda®, Takeshi Akasaka"", Tatsuhisa Kato®, Shigeru Nagase4

ICenter for Tsukuba Advanced Research Alliance, University of Tsukuba,
Tsukuba, Ibaraki 305-8577, Japan
Department of chemistry, Tokyo Gakugei University, Koganei, Tokyo 184-8501, Japan
Department of chemistry, Josai University, Sakado, Saitama 350-0295, Japan
*Institue for Molecular Science, Okazaki, Aichi 444-8585, Japan

Endohedral metallofullerenes encapsulate one or more metal atoms inside a hollow fullerene
cage. These fullerenes have attracted special attention because they engender new spherical
molecules with unique electronic properties and structures that are unexpected for empty

fullerenes.”

Among these, the gadolinium metallofullerenes have attracted special interest because of the
promising applications to magnetic resonance imaging (MRI).>”- The gadolinium metallofullerene
isolated and structurally characterized so far is Gd@Cs;. On the other hand, we have recently
reported isolation, characterization, and theoretical study of Laz@C7g.8) We here in report the
isolation and characterization of Gd,@C7s by means of mass, absorption and EPR spectroscopic

measurements.
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Analysis of Lanthanide-Induced NMR Shifts of the Ce@Cs; Anion

OMichio Yamada,' Takatsugu Wakahara,' Yongfu Lian,' Takahiro Tsuchiya,' Takeshi
Akasaka,' Markus Waelchli,” Naomi Mizorogi,3 and Shigeru Nagase3

ICenter for Tsukuba Advanced Research Alliance, University of Tsukuba, Tsukuba, Ibaraki
305-8577, Japan, *Bruker Biospin K. K., Tsukuba, Ibaraki 305-0051, Japan, 3 Department of
Theoretical Molecular Science, Institute for Molecular Science, Okazaki, Aichi 444-8585,
Japan

Abstract: Endohedral metallofullerenes have attracted wide interest because of their possible
applications in the fields of nanomaterial and biomedical science. Much attention has been
paid to encapsulation of lanthanide atoms having f electrons, as seen for Tm@Cs,' Ce@ng,2
Pr@Cs,’ Gd@ng,4 and Eu@Cs,.” For their electronic and magnetic properties, cage
structures and metal positions play an important role. Recently, we have succeeded in
determining the cage frameworks of La@ng,6 Ce@C32,7 and Pr@0328 by measuring the Be
NMR spectra of their anions. From the MEM/Rietveld analysis of synchrotron powder
diffraction data of Sc@C32,9 Y@ng,10 and La@ng,11 Takata and co-workers have determined
that the metal atom is located at an off-centered position on the C, axis adjacent to a
hexagonal ring of the Cg cage. These agree with theoretical prediction.”> From the
MEM/Rietveld analysis, however, it is recently reported that Eu@Cs,’ and Gd@Cs," have an
anomalous structure, in which the metal atom having f electrons is located on the C; axis but
is adjacent to the C-C double bond on the opposite side of the C,,-Cs, cage. We here report
the position of the Ce atom in Ce@Cs, by means of paramagnetic NMR spectral analysis of
its anion and density functional calculations.

References: (1) Kodama, T. et al., J. Am. Chem. Soc. 2002, 124, 1452. (2) Ding, J. et al., J. Phys. Chem. 1996,
100, 11120. (3) Ding, J. et al., J. Am. Chem. Soc. 1996, 118, 11254, (4) Funasaka, H. et al., Chem. Phys. Lett.
1995, 232, 273. (5) Sun, B-. Y. et al., Angew. Chem. Int. Ed. 2005, 44, 4568. (6) Akasaka, T. et al., J. Am. Chem.
Soc. 2000, 122, 9316. (7) Akasaka, T. et al., J. Am. Chem. Soc. 2004, 126, 4883. (8) Akasaka, T. et al., Chem.
Phys. Lett. 2002, 360, 235. (9) Takata, M. et al., Chem. Phys. Lett. 1998, 298, 79. (10) Takata, M. et al., Nature
1995, 377, 46. (11) Nishibori, E. et al., Chem. Phys. Lett. 2000, 330, 497. (12) Kobayashi, K. et al., Chem. Phys.
Lert. 1998, 282, 325. (13) Nishibori, E. et al., Phys. Rev. B 2004, 69, 113412.
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For di-metallofullerenes' with various metal atoms, the metallofullerenes based on Cgy/Cs,
cages usually have much higher abundance than others, so that the most studies so far have
concentrated on the Cgy/Cg, based di-metallofullerenes. However, di-metallofullerenes based
on other cage sizes may exhibit some unique and novel electronic properties.

Here, we report the first systematic study of the production, isolation and structural
characterization of a series of Lu di-metallofullerenes Lu,Cy, (2n=74-86). Lu,Cy, (2n=74-86)
are isolated by multi-stage HPLC method and characterized by LD-TOF-MS, UV-Vis-NIR
absorption and *C NMR. Table 1 summarizes the symmetries obtained by *C NMR for a
series of Lu di-metallofullerenes which are produced and isolated in this study. The current
study provides an important basis for a further investigation of metallofullerenes in a broad

size ranges.
Cage size Isolated Lu,Cyy, Symmetry
Cn Lu;C@Crz Cs
Cs Lu,C@Cra G
Crs Lu,@Crs Ty
Crs Lu,@Crs Coy
Lu,@Cso Coy
Cso
LU2C2@C30 C2v
Co Luy@Cs Cs, Coy, Cay
Lu;C@Cs Cs, Gy, Gay
Cor Luy@Css Dy, Cy
LuyCr@Csa Dq
Css - Luy@Css Cyy

Table 1. A series of Lu di-metallofullerenes which are produced and isolated.

References:
[1] H. Shinohara, Rep. Prog. Phys., 63, 843 (2000).
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Facile Generation of Fullerene Nanoparticles by Hand-Grinding
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Fullerenes are hydrophobic carbon allotropes, and are not at all soluble in water.
However, nanoparticles of them remain dispersed in water even without the aid of a
dispersing agent such as a surfactant.' On one hand, the dispersion may help to develop
new biotechnological applications of fullerenes without performing chemical
modification to endow water solubility. On the other hand, concern has been raised for
the potential environmental impact of the dispersion. Indeed, the first report on the
cytotoxicity of the Cg nanoparticles has not only attracted considerable scientific

interest but also drawn keen public attention.

The obvious approach to prepare small particles is a top-down approach, in which
bulk solid is reduced to small particles by mechanical forces. However, this approach
usually gives the particles on the order of microns in size. Thus, the nanoparticles,
including those of Cep, are generally produced by bottom-up approaches, in which
molecules are allowed to assemble into nanoparticles in solutions or gas through
chemical reactions.

We found that in the case of fullerene Cg, nanoparticles including those as small as
20 nm are produced readily by hand-grinding bulk solid in an agate mortar. To our
knowledge, preparation of nanoparticles by such a facile procedure is unprecedented,
and is related closely to solid properties of Cgo. The hand-ground nanoparticles of Cep
dispersed in water, just like those prepared by the conventional solution processes.
BC.NMR measurements revealed that all 60 carbons of the C¢o molecules in the
nanoparticles are equivalent, indicating no significant chemical reaction took place
during hand-grinding. Structure, size, and properties of the hand-ground Cg
nanoparticles will be presented.

1) S. Deguchi, R. G Alargova, K. Tsujii, Langmuir, 2001, 17, 6013-6017. 2) E.
Oberdorster, Environ. Health Perspect., 2004, 112, 1058-1062.
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Since the discovery of superconductivity in NaxXyCeo(X=N:7t=12K, X=H:7t=15K),
there has been many interests in the structure and the electronic states of the Na-X-Cgo
ternary systems. It has been suggested that nitrogen or hydrogen in the systems
contribute not only to a spacer which suppress the structural instability but also to the
electronic states near the Fermi level.

In the present work, Cs(NaH)xCeso compounds(x=1~10) were synthesized, and their
structures and electronic properties were investigated by powder X-ray diffraction,
magnetic susceptibility and solid state NMR measurements.

Stoichiometric amounts of, Cs, Ceo, and NaH were mixed and ground in a glove box
and transferred into an ESR quartz tube in a glove box. These raw materials in the

sealed tubes were reacted in a furnace at 390°C for 74hours.

Figure 1 shows the powder x-ray diffraction profile of CsNaHCeo compound at room
temperature. The diffraction profile can be indexed with a orthorhombic lattice(space

group: Immm ) of lattice constants of &9.069 A, /=10.192 A and =14.128 A. Detail

results on the correlation between structures and electronic properties of these materials
will be discussed in the presentation.

013

Intensity ( 10°)

0 1l0 ' 20 30 40
20 ( deg)

Figl. Powder x-ray diffraction profile of CsNaHCg compound at r.t.

[1] K.Imaeda et al, Solid State Communication, Vol99, No7, 479-482(1996)
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Solution-Processed Organic Thin-Film Transistors Based on
Dodecyl Substituted Cq Derivatives
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We have reported solution-processed n-type organic thin-film transistors (OTFTs)
based on long-chain alkyl-substituted Cg9, C60-fused N-methylpyrrolidine-meta-Cn
phenyl (C60MCn (n= 8,12,16)), exhibit high electron mobility [1-2]. In this study, for
evaluating the effect of alkyl-chain orientation, we fabricate and characterize OTFTs

based on various dodecyl substituted Cgo derivatives (table 1).

Films of Cg derivatives were fabricated on highly doped silicon wafers covered with

SiO, by spin coating from chloroform

solution under ambient condition. Source and Ry
drain gold electrodes were deposited on the P, 2
films. The TFT characteristics were Q“.%’

measured in a vacuum at room temperature.

4

Figure 1 shows out-of-plane XRD patterns of
C60C12 and C60MC12 films. Film crystallinity is
different in the two films. The spacings of the (001)
plane in the C60C12 and C60MC12 films are
calculated to 2.48 nm and 2.32 nm, respectively.
Field-effect electron mobilities of C60C12- and
C60MC12-TFT exhibit 0.002 cm®Vs and 0.09
cm?/Vs, respectively. These results indicated that

Table 1 .Dodecyl substituted Cgo derivatives.

Compounds R, R,

C600C12 Me 0rtho-C12H25Ph
C60MC12 Me meta-ClezsPh
C60PC12 Me par a-C 12H25Ph
C60C12 Me C 1 2H25
C60NC12  Cy,Hys H

(v
1
8000) CEOMC12
2500/
® 2000 @ 6000]
g 8
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Fig. 1 . Out-of-plane XRD patterns of C60C12
and C60MC12 films.

alkyl-chain orientation of Cg derivatives strongly affects the film crystallinity and TFT

performance.

[1] M. Chikamatsu et al., Appl. Phys. Lett. 87, 203504 (2005).

[2] M. Chikamatsu et al., The 29" Fullerene-Nanotubes General Symposium, 2-14 (2005).
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Electronic properties of higher fullerenes and their related compounds
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Fullerenes are r -electron enriched materials which can produce novel physical properties
such as metallic behavior and superconductivity. In metal intercalated Cgp, the electron
transfer from metal atoms to Cgp molecules plays an important role to the metallic behavior
and superconductivity. In endohedral metallofullerenes, the electron transfer occurs from the
encapsulated metal atoms to the fullerene cage, leading to the semiconductors with very small
band gaps. Therefore, it is meaningful to investigate the electronic structures of various types
of fullerenes. In this study, we have fabricated field-effect transistor (FET) devices with thin
films of higher fullerenes, C5¢ and Crs, and studied their FET properties in order to clarify the
electronic properties of higher fullerenes; two isomers, I and II, are independently studied for
Crs. The structures and electronic properties of metal intercalated higher fullerenes, RbyCrs
and Rb,C7s, have also been studied.

The drain current I, versus drain-source voltage Vpsplots of FET device with thin films of
Cy is shown in Figure 1. The field-effect mobility, u , was estimated to be 3.5X10° cm* V!
s from the plots (Figure 1), and the z of C(I) FET was estimated to be 42X 10™ cm*V™'s™.
These values are lower than that of the Cgo FET device, 0.6 cm?>V™'s™ [1]. The difference in
the p value between Cg and higher fullerenes is due to the crystallinity of the thin films.
Therefore, the ordered structures are 300
indispensable for high-performance FET ‘ Ve =130V]
devices. The optical absorption spectra of the
thin films of C;s and Cj;3 have also been
measured in order to estimate the band gaps.
Furthermore, the structures of Rb,C;s and
RbyC7s have also been studied by the X-ray
powder diffraction with synchrotron radiation.
The electronic properties will also be reported
on the basis of temperature dependent ESR ’ G S 0

spectra of RbyCr6 and RbyCys. Fig.1. Iy - Vps plots of Czg FET

oy
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Study on Encapsulation of Radioactive Waste Elements inside Carbon
Nanocapsules
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Abstract:

Although nuclear energy is the only non-greenhouse gas-emitting energy sources that
can effectively replace fossil fuels and satisfy global demand at present [1], there is still
opposition to the peaceful use of nuclear power. The main objection against nuclear power is
the risk of spread of “radioactivity” (radionuclides) to the environment where it may cause
health effects in human.

Carbon nanocapsules are known to encage many kinds of elements in their inner cavity.
The elements that were reported to be encapsulated in carbon nanocapsules are: lanthanides
such as La, Ce, Pr, Nd, Gd, Tb, Dy, Ho, Er, Tm and Lu, actinides such as Th and U, alkaline
earth such as Ca and Sr, transition elements such as Sc, Ti, V, Cr, Mn, Fe, Co, Ni, Cu, Y, Zr,
Nb, Mo, Ru, Rh, Pd, Hf, Ta, W, Re, Os, Ir, Pt and Au, and some other elements such as B, Si,
S, Ge, Se, Sb [2]. The elements that can be encaged in carbon nanocapsules will increase in
number, because there are more than 10 elements that have not been tested, such as Tc, Pm,
Ac, Pa, Np, Pu, Am, and Cm, each of which is expected to be encaged in carbon
nanocapsules.

It should be emphasized that most of the elements in a typical nuclear spent fuel also
appear in the elemental table where the elements can be encaged in nanocapsules.
Considering chemical stability of carbon and also mechanical stability of graphene wall in

nanocapsules, the capsule will act as a perfect barrier to radionuclide release.

References:
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Preparation of polyhedral graphite particles including rare earth metal
carbides in their centers
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Polyhedral graphite (PG) particles are turbostratic graphite balls of sub-micron sizes.
Kokai and co-workers reported that the PG particles were produced using pulsed CO, laser
irradiation onto pure graphite target [1, 2]. The preparation of PG particles needs high
pressure of Ar atmosphere (> 0.8 MPa). Recently, we produced
single-wall carbon nanohorns aggregated around metal or metal
carbide (M-SWNH) particles by continuous wave Nd:YAG
laser irradiation onto graphite target containing iron-group
metals and Ti in Ar gas atmosphere [3]. In this study, we
performed laser vaporization of graphite containing rare earth
oxide (M203) M =Y, Gd and La) in Ar gas atmosphere (0.1 — = ™
0.'9 MPa). Fig. 1. Transmission electron microscope

Single-wall carbon nanotubes (SWNTs) and carbon
nanocapsules including MC, (MC,-CNCs) were obtained at an Rk it
Ar gas pressures of 0.1 MPa. PG particles including MC; in , YG: (110)
their centers (MC,-PG particles) (Figs. 1 and 2) were obtained
at more than 0.3 MPa. With further increasing Ar gas pressure, s
the yield of MC»,-PG particles increased and facets of MC,-PG ) ¥, (112)
particles were clearly developed. Unlike the formation of

image of YC,-PG particles

M-SWNH particles by using iron-group metals and Ti, the
product did not contain M-SWNH particles. We will discuss the
formation of these various products.

Fig. 2. Electron diffraction patterns

of an YC,-PG particle
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Bulk ACCVD Generation of SWNTs with Narrow Chirality Distribution
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By scaling up the alcohol CCVD (ACCVD) generation technique [1,2] of single-walled
carbon nanotubes (SWNTs), bulk amount of sample is being prepared. By dissolving zeolite
used as catalysts support, purified SWNTs as shown in F1g 1 are produced.

In order to determine the chirality
distribution of SWNTs, dispersed and
centrifuged SWNTs in NaDDBS/D,0 was
examined by the fluorescence spectroscopy with
scanning excitation energy [3] as in Fig. 2.
‘As-grown’ sample (20 mg) was sonicated for 30
min in 10g of D,O with 0.5 wt % NaDDBS.
After centrifuged at 436,000 X 1 hour,
supernatants was used for the measurements.
Narrow chirality distribution with bright (7,5)  [ig- 1 Ten grams of purified SWNT.
nanotube was obtained. This chirality 900

distribution is equivalent to the case with CVD
temperature at about 700 °C in the standard
ACCVD method [4]. This sample with bright
emission and with relatively narrow chirality

Toray Lot # S050808-3

distribution is useful for spectroscopic studies.

Excitation wavelength (nm)
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Isolation of Circular Aggregates of Single-Walled Carbon Nanotubes by
Ultrasonic Atomization
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Although rings of carbon nanotubes (CNTs) are predicted to have interesting magnetic
properties, facile preparation or isolation methods of the rings with high purity are not yet
reported. We describe here a convenient method for the isolation of circular single-walled
carbon nanotubes (c-SWCNTs) using

ultrasonic ator.nization [1]. onec ﬂj I
A suspension of SWCNTs was bath- N fas out
sonicated at 20 °C and the resulted mist N rooeiver

above the surface was exposed to the flow of  gsin —— +HHH—==

gas (Fig. 1). The SWCNTs blown into the / SWCNTSs \ 1.
receiver (1) were found to consist of c- ! et S !
SWCNTs exclusively by TEM analyses (Fig. bhad

bath sonication

2a), while the ones from other parts of the  Fig 1 Apparatus for ultrasonic isolation of
glassware and residue (2 — 5) included only a circular SWCNTs

little or no circles. They have round or oval
shape with 0.5 — 3.3 um in diameters (Fig. 2b), and some of them may be interlocked (Fig.
2¢). When much shorter
SWCNTs  were  used,
Christmas  wreath-shaped
aggregates of SWCNTs
were observed (Fig. 2d).
From the viewpoint of
the isolation mechanism,
the relatively small droplets
including circular SWCNTs
are thought to be carried to
a receiver, while larger
droplets including textures
of string-shaped SWCNTs =
were not blown by the gas. Fig.2 TEM images of 1

——5
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Recent advances in growth of vertically aligned SWNT films by ACCVD
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In a previous study, we showed that the thickness
of vertically aligned (VA) SWNT films produced by the
alcohol catalytic CVD method [1] can be determined
during growth by in situ optical absorbance
measurements [2]. This was achieved by exploiting the
relationship between the optical absorbance of a
VA-SWNT film and its thickness [2]. An analytical
description of the growth was developed based on these
measurements [3], which shows the catalyst activity
decreases exponentially with increasing CVD reaction
time. Thus, the final film thickness is largely determined
by the initial catalyst activity; however, the factors
affecting the catalyst activity are not yet well understood.

In the current study, we observed that the initial

Growth rate [arb. units]

800 Pa

400 Pa

0

120 240 360
time [s]

Fig. 1: Pressure dependence of the
initial growth rate of VA-SWNT films

catalyst activity is sensitive to the ambient chamber pressure at which VA-SWNT growth
occurs. This is shown in Figure 1 for three separate cases. In the 600 Pa case a film with a
thickness of 6 pm was grown, as shown in Figure 2a, whereas the 800 Pa case (Fig 2b)
produced a film 21 um thick. The enhanced growth may be attributed to an increase in the
ethanol dissociation rate, or the pressure change may have altered the flow dynamics inside
the reaction chamber. Further studies are underway to clarify the underlying mechanism.

10 um

Fig. 2: (a) VA-SWNTs grown at an ambient ethanol pressure of 600 Pa. The film is approximately

6 um thick. (b) Growth at an ethanol pressure of 800 Pa resulted in VA-SWNT films with
thicknesses greater than of 20 um. The scale bar applies to both images.

[1] Y. Murakami, S. Chiashi, Y. Miyauchi, M. Hu, M. Ogura, T. Okubo, and S. Maruyama, Chem. Phys. Lett. 385

(2004) 298.

[2] S. Maruyama, E. Einarsson, Y. Murakami, and T. Edamura, Chem. Phys. Lett. 403 (2005) 320.

[3] E. Einarsson, Y. Murakami, and S. Maruyama, in preparation.
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Selective Oxidation of Semiconducting Single-Wall Carbon Nanotubes
by Hydrogen Peroxide

O Yasumitsu Miyata', Yutaka Maniwa'-, Hiromichi Kataura®

IDepartment of Physics, Tokyo Metropolitan University, 1-1 Minami-Osawa, Hachioji,
Tokyo 192-0397, Japan
’Nanotechnology Research Institute (NRI), National Institute of Advanced Industrial
Science and Technology (AIST), 1-1-1 Higashi, Tsukuba 305-8562, Japan
SCREST, Japan Science and Technology Corporation (JST), Japan

Single-wall carbon nanotubes (SWCNTs) occur as both metal and semiconductor
types. However as yet, none of the synthetic methods used to prepare SWCNTs are in
fact selective towards the production of either pure metallic or pure semiconducting
SWCNTs. This is a major drawback with regards to applications, where SWCNT purity
is essential. For example, metallic SWCNTs are highly desired as nanometer-size
conductors, while semiconducting SWCNTs are required as field effect transistors and
saturable absorbers. As such, the selective purification of metallic and semiconducting
SWCNTs represents a very important target.

Here, we report an optical study of SWCNTs oxidized in H,O,. Commercially
available HiPco was purified and used as the starting material to obtain SWCNT
samples, which were then oxidized in heated H,O,. From an analysis of the integrated
intensity of the absorption bands of metallic and semiconducting SWCNTs, it was
estimated that the concentration of metallic SWCNTs in the final product was higher
than 80 %. The enrichment of metallic SWCNTs was not observed during oxidation in
air. Absorption spectroscopy confirmed that SWCNTs were weakly doped with H,O. It
was suggested that the faster oxidation of semiconducting SWCNTs was due to its
higher reactivity resulting from hole-doping by H,O,.
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Growth of carbon nanotubes by RF-PECVD
- Lowering of growth temperature by pretreatment of catalyst film -
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A radio frequency plasma enhanced chemical vapor deposition (RF-PECVD) method is
one of the most suitable growth method of CNTs for fabrication process of field emission
displays (FEDs) because of possibilities for low temperature and large area CNTs growth. We
have examined CNTs growth characteristics by the RF-PECVD method with an intent of
controlling the growth of the CNTs for the FEDs application. In this paper, we show effects of
granulation of the catalyst to temperature for CNTs growth.

CNTs were grown in an RF-PECVD apparatus with conventional planar type
capacitively-coupled plasma source. A discharge frequency was 13.56MHz. Silicon (100)
single crystal (10x10 mm?) on which catalyst iron (Fe) was deposited by vacuum evaporation
was used as a substrate for CNTs growth. The thickness of catalyst iron was 3 nm. The
process of CNTs growth consisted of two steps. First, the substrate was annealed as a
pretreatment in a vacuum of about 4.0x10° Pa. The pretreatment temperature was 650°C.
Second, plasma was generated in an atmosphere of CHy and H, and CNTs were grown on the
substrate. Gases flow rates were 80 sccm for CHy and 20 sccm for Hy.  Pressure during the
CNTs growth was 67Pa.  The growth temperature was varied from 650°C to 500°C. The CNTs
grown on the substrates were observed by a scanning electron microscope (SEM) and a
transmission electron microscope (TEM).

Fig.1 (a) is an SEM image of the surface on the substrate pretreated at 650°C. Formation
of nanoparticles was confirmed. Fig.1 (b) and (c) are SEM images of CNTs grown at 550°C
and 500°C after the pretreatment at 650°C, respectively. Both of the CNTs were multiwalled
CNTs that had about 9 nm in average diameter. Thickness of CNTs layer grown at 550°C and
500°C were 4 um and 400 nm, respectively. These results show that enough granulation of the
catalyst is indispensable for the lowering of growth temperature of CNTs.

Fig.1 SEM images of (a) the surface on the substrate pretreated at 650°C, and the CNTs grown at (b) 550°C
and (c) 500°C after the pretreatment at 650°C.
Corresponding Author: Takamichi Sakai
E-mail: t.sakai@elec.mie-u.ac.jp Tel/Fax: +81-59-231-9404
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Development of technique to synthesize carbon nanotubes (CNTs) directly onto
substrate at low cost and at low temperature (< 600°C) contributes to applications of CNTs to
electronic device such as field emission displays (FEDs). We have found that it is possible
to synthesize CNTs by alcohol catalyst chemical vapor deposition (ACCVD), which has
recently attracted much attention as a simple growth method of CNTs, at lower temperature
than that of conventional CCVD methods. In this study, we have examined dependence of
CNTs growth on growth temperature under an intention to lower the growth temperature by
alcohol CCVD.

An ACCVD system used in this study consisted of a gas introduction system, a
mechanical vacuum pump and a quartz tube reactor heated by an electric furnace. Ethanol
(purity: 99.5%) was used as carbon feedstock. A Co-Al bilayer film deposited by vacuum
evaporation was employed as a catalyst film. Co was deposited onto Al film that was
previously deposited onto a p-type silicon (100) wafer (10X 10mm?®) as a buffer layer.
Thickness of Co and Al film were 2nm and 20nm, respectively. Growths of CNTs were
carried out under a pressure of 40Torr in an ethanol atmosphere. The growth time was 10 min.

Fig.1 shows cross sectional scanning electron microscope (SEM) images of CNTs
synthesized at 450°C and 550°C. Thickness of CNTs layer for 450°C and 550°C are
170nm and 400nm, respectively. Observation of CNTs synthesized at 450 °C by
transmission electron microscope (TEM) showed that it was multi-walled carbon nanotube.
These results show that it is possible to grow CNTs at temperature as low as 450°C by the
alcohol CCVD.

Fig.1 Cross sectional SEM images of CNTs layer grown at (a) 450 and (b) 550°C.
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Plasma sheath effects on the growth of freestanding individual
single-walled carbon nanotubes
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Recently, freestanding individual single-walled carbon nanotubes (SWNT5s) were successfully
produced on a silicon-based flat substrate, owing to a diffusion plasma-enhanced chemical vapor deposition
(PECVD) method by our group [1]. This ultimate technique, three-dimensional alignment control of
individual SWNTs, can provide huge opportunities to develop a new-type architecture for SWNT devices.
In order to fully use potential abilities of this unique-shape SWNTSs, however, a more precise control is
inevitable on the part of tube structures such as tube-alignment, -electric property, -diameter, -length, and so
on. For the purpose of overcoming the above-mentioned critical issue, roles of plasma sheath have
quantitatively been discussed with detailed plasma measurements and simple calculations.

Figures 1(a) and (b) describe typical scanning electron microscope (SEM) and transmission
electron microscope (TEM) images of the freestanding individual SWNTs produced with the diffusion
PECVD method, respectively. Most all of tip parts of freestanding SWNT vibrate intensely (Fig. 1(a)). The
main diameter of SWNTs produced is around 3 nm, which is slightly larger than that of general SWNTs.
According to simple calculations and Langmuir probe measurements, it is found that an electric field
strength on the tip part of individual SWNT is above 1.2 V/um, which is strongly enhanced compared with
a macro scale electric field (0.01V/um) owing to the unique shape of freestanding SWNTs (Fig. 1(c)). A
comparison between thermal energy, which disturb tube alignment, and rotation energy caused by the
plasma sheath electric field (Fig, 1(d)) provides a strong evidence that the plasma sheath electric field affects
the freestanding alignment of individual SWNTS directly.
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Fig.1 (a)SEM and (b)TEM images of freestanding SWNTs. (c) A potential profile in the plasma sheath calculated
with Poisson’s equation. (d) Schematic images of the individual SWNTs alignment. (E, P, and F describe a vector
of electric field, a dipole, and a force, respectively. 8 denote an angle between the tube and field. )

Reference: [1] T. Kato, et al., Abstracts of the 29® Fullerene-Nanotubes General Symposium, p. 10, 2005.
Corresponding: T. Kato, kato@plasma.ecei.tohoku.ac.jp, TEL: +81-22-795-7046, FAX: +81-22-263-9225
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Synthesis and Purification of Double Walled Carbon Nanotubes
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Chirality and wall numbers are both key factors determining physical properties of carbon
nanotubes (CNTs). Double-walled carbon nanotubes (DWNTs) have advantages over
single-walled nanotubes (SWNTs) in the mechanical toughness and chemical stablity. Thin
DWNTs show strong one-dimensional character like SWNTs. Motivated by such high
potentials for future applications, we are aiming at establishing an efficient and selective
growth method for thin DWNTs.

Here we report an experimental result focusing on post-purification processes for CNT
products grown by chemical vapor deposition (CVD). Hexane was used for the carbon
source with a combined catalyst of cobalt acetate, ammonium iron acetate and ammonium
molybdate tetrahydrate supported in MgO power. The products were purified by oxidation
in air and washing in acids, and characterized by Raman scattering and transmission
electron microscopy (TEM). When the purification processes were optimized, two clear
peaks were observed in Raman spectra (Fig.1) at around 160 and 300 cm™ for the radial
breathing mode. As depicted in a typical TEM image (Fig.2), the purified samples were
dominated by DWNTs with outer- and inner-tube diameters of 1.3-1.6 and 0.7-1.0 nm,
respectively, and the tube diameters had relatively narrow distributions.
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Fig.1 RBM spectra excited at 488.0nm Fig.2 TEM image of DWNTs
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Preparation of Single-Wall Carbon Nnanotubes

oYosuke Aoki', Shinzo Suzuki!, Hiromichi Kataura?, Hiroshi Nagasawa3 .
Hisao Abe®, and Yohji Achiba'

! Department of Chemistry, Tokyo Metropolitan, Tokyo 192-0397, Japan
‘?Nanotechnology Research Institute, National Institute of Advanced Industrial Science and
Technology (AIST), Central 4, Higashi 1-1-1, Tsukuba, Ibaraki 305-8562, Japan
3 Life Science System Division, EBARA Corporation, 4-2-1 Honfujisawa,
Fujisawa-shi, Kanagawa 251-8502, Japan
?Research and Development Section, Ceramics Research Center of Nagasaki, 605-2

Hiekoba-go, Hasami-cho, Higasisonogi-gun, Nagasaki 859-3726, Japan

Last year, it was confirmed that single-wall carbon nanotubes (SWNTs) have been
successfully prepared by applying alcohol-CCVD technique [1] utilizing porous glass (PG) as
metal-supported material [2]. Since PG having several different inner-pore sizes can be easily
obtained, by controlling the ambient temperature in the PG preparation process, it is
interesting to see whether the formation process of SWNTs is influenced by the inner-pore
size of PG having similar grain size.

In the previous investigation, it was recognized that SWNTSs could be prepared by utilizing
PG having < 30 nm inner-pore size [3]. In this presentation, it is demonstrated that SWNTs
can also be prepared by using PG having much larger inner-pore size (up to ~200 nm). Also,
it was found that, as larger the inner-pore size of PG becomes, the reaction temperature giving
the best yield of SWNTs shifts to the lower. Raman spectra of SWNTs obtained with ACCVD
technique at the same ambient temperature by using PGs having larger inner-pore size
indicate broader diameter distributions for them. The experimental findings of absorption and
fluorescence spectroscopy for these SWNTSs are presented and used for further discussion.

This study was partly supported by Industrial Technology Research Grant Program from
New Energy and Industrial Technology Development Organization (NEDO) of JAPAN, and
the Grants-in-Aid for Scientific Research (B) (No.16351104) from MEXT.
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Influence of CH,, C;H,, or C;H, gas addition on the growth of
SWNTs in H,-Ar arc discharge
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High-yield and high-crystallinity single-wall carbon nanotubes (SWNTs) have been
mass-produced by a dc arc discharge evaporation of carbon anode containing lat% Fe
catalyst in Hy-Ar mixture gas”. H, gas selectively etches the amorphous carbon in the
growth process of SWNTs by forming gaseous hydrocarbon. However, the yield of SWNT
production, the ratio of the obtained SWNT mass to the evaporated anode mass, is only ~ 4%.
In the present study, CHs, C;H4, or C,H; gas have been added into H,-Ar mixture gas to
improve the yield of SWNT production.

Figure 1 shows the Raman spectra of SWNTSs prepared in Hy-Ar-1%CH4 mixture gas,
and a strong RBM peak at 189 cm™ and a weak RBM peak at 269 cm™ can be seen in the
inset. The RBM peak at 269 cm™ comes from the SWNTs with 0.9 nm in diameter, and
become stronger with the increase of partial pressure of CHy gas. Figure 2 shows the G/D
ratio obtained from Raman spectra of SWNTs prepared in Hy-Ar-CHjs, Hj-Ar-C;Hs, and
H,-Ar-C,H, mixture gas. The addition of 1%CHj results in the highest G/D ratio, and it has
been found that the yield of SWNT production increase 1% also. As increasing the partial
pressure of CHy4 gas, a lot of carbon smoke takes place in the growth process of SWNTs,
resulting in the quick decrease of G/D ratio. In the case of C;H,; or CoH, gas, the G/D ratios
with addition are always lower than that without addition of these gases. This may be due to
their low bonding energy and low decomposition temperature.
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Fig. 1 Raman spectra of SWNTs Fig. 2 G/D ratio from Raman spectra
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Selective Encapsulation of Dimetallofullerene into Single-Wall Carbon nanotubes
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It is well known theoretically [1] and experimentally [2] that the dispersion and small
electrostatic  interactions occurs between single-wall carbon nanotubes (SWNTs) and
fullerenes inside peapods. Furthermore, the electronic charge upon fullerene cages will affect
the encapsulation yield of peapods. To obtain information on the encapsulation mechanism,
we have prepared the peapods using the mixture of two metallofullerenes and tried to estimate
the encapsulation yield of each metallofullerenes.

A schematic view of peapods synthesis is shown in Figure 1. Using this doping method,
one can simultaneously estimate the sublimation quantity and encapsulation yield of each
metallofullerenes. The metallofullerenes, Dy,C,@Cs, and Gd@Cs,, were used for peapods
synthesis, in which their electronic charges of each fullerene cages are know to be Cy,® and
Cs2’ respectively. Peapods were prepared by the vacuum sublimation method [3]. An
ampoule was evacuated to 1.0 X 10° Torr and then vacuum sealed. The sealed ampoule was

heated at 773 K for 2 days in a furnace. The ampoule
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 Smacs——— a
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Figure 1. Schematic view of

was cooled down to room temperature. An energy

dispersive x-ray (EDS) spectrometer was used for

characterizing the encapsulated metal atoms.

Figure 2 shows EDS spectra of peapods and

sublimed fullerenes. In the capillary, each mixed-peapods synthesis.
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the other hand, the EDS spectrum of peapods

indicates that Dy,C,@Cs, has encapsulated into 3000
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Incorporation and release of Cg in/from single-wall carbon nanotubes
with large diameters
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Aiming to use single-wall carbon nanotubes (SWNTs) as carriers of biological materials,
the biological materials are attached to the outside walls of SWNTs through physical
interactions or chemical reactions. By incorporating the biological materials inside the
SWNTs, the functions of SWNTs as the carriers will be broadened. Various biological
materials have large sizes, therefore the SWNTs with large diameters are useful as the carriers.
Since not much is known about the incorporation and release of materials in/from
large-diameter SWNTs, we studied it with Cg and the results are introduced in this report.

The super-growth SWNTs were synthesized by water-assited CVD [1]. The holes were
opened by heating up to 550°C with a rising rate of 1°C/min in dry air [2]. The methods of
incorporation and release of Cg in/from SWNTs were the same with those reported
previously [3]. As a result, we found that the number of Cgp-encapsulating SWNTs was large
when the tube diameter was 5 nm or less. Sometimes the Cg molecules aligned on a line
along the edges inside thick nanotubes, which would mean that the thick tubes were
sometimes flattened. The released quantity of Cg was about 60% in toluene-ethanol (4:1 in
weight). SWNTs with diameters in a range of 3 to 5 nm released more Cg than other diameter
distributions. We infer that the stability of Cg inside thick tubes is less than in the thin tubes
because the stability of Cg inside thick tubes would be gained through small contact areas of
Ce0-Ceo and/or Cgo-wall by taking multi-helical arrangements [4] and others.

[1] K. Hata et al, Science 2004, 306, 1362. [2]J. Fan et al, J. Phys. Chem. B to be published.
{31 R. Yuge et al, J. Phys. Chem. B 2005, 109, 17861. [4] K. S. Troche et al, Nano Lett. 2005, 5, 349.
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In vivo magnetic resonance imaging of single-wall carbon nanohorns
through labeling with magnetite nanoparticles
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Aggregate size (ca. 100 nm) of single-wall carbon nanohorns (SWNHs) [1]
corresponds to a condition for passive targeting toward cancer tumors by the enhanced
permeability and retention (EPR) effect [2]. Moreover, in vitro studies have
demonstrated low/non-cytotoxicity of SWNHs and their capabilities for drug
incorporation and release [3, 4]. Therefore, SWNHSs are one of candidates for drug
carriers in cancer therapy. Further development on biomedical applications of SWNHs
and assessment of their toxicological hazards in living body, however, require
non-anatomical in vivo observation of their motions and accumulative behaviors. Here,
we show our success of in vivo magnetic resonance imaging (MRI) of SWNHs through
attaching superparamagnetic magnetite, a MRI contrast agent.

Attachment of nanoparticles (6 nm in diameter) of superparamagnetic magnetite to
SWNHs was achieved through a deposition of iron acetate clusters on hole-opened
SWNHs (0xNHs) in ethanol at room temperature, followed by heat-treatment at 400°C
in Ar. In vivo MRI visualized that when magnetically labeled oxXNHs were administered
into mouse via tail vein, they accumulated in the spleen and kidneys. Histopathological
examinations supported the MRI results. The simple magnetite-attaching method would
be applicable to any kind of carbon nanotubes, thus should facilitate the toxicity
assessment of nanotubes and their applications in bioscience and biotechnology.

Acknowledgement: We thank Dr. T. Azami and Dr. D. Kasuya for preparing NHs, and Varian
Technologies Japan Ltd. and BioView Co. for the NMR measurements and MRI observations.
References: [1] S. lijima, et al., Chem. Phys. Lett., 309, 165 (1999). [2] H. Maeda, et al., Bioconjugate
Chem., 3, 351 (1992). [3] T. Murakami, et al., Mol. Pharm., 1, 399 (2004). [4] K. Ajima, et al., Mol.
Pharm., in press.
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We have been studying applications of single-wall carbon nanohorns (SWNHs) to drug
delivery systems, and previously showed that the incorporation of drugs and release are
possible [1, 2]. Effects of the released drugs were also confirmed in vitro assays [1, 2].
Recently, we found that the release sometimes became extremely slow, or even stopped on
the way. We clarified its reasons which are introduced in this report.

We incorporated cisplatin (CDDP) inside SWNHs in dimethyl formamide and studied
the CDDP release from SWNHs in PBS [2]. The CDDP@NHh could release 70% of CDDP
in PBS, while CDDP@NHox released only about 15% [3]. Here, NHh denotes SWNH
having holes with hydrogen-terminated edges [4], and NHox denotes that having holes with
oxygen-containing functional groups (NHox). To find reasons why the release was stopped
at 15% for CDDP@NHox, we carried out the studies shown below.

CDDP@NHh and CDDP@NHox had similar structures, and both contained same
amount (18 weight %) of CDDP. CDDP structure was kept in both CDDP@NHh and
CDDP@NHox. Therefore we thought the stopping of the CDDP release from NHox was
caused certain actions of PBS on CDDP@NHox. To clarify the certain actions, we treated
NHh and NHox with PBS (PBS-NHh, PBS-NHox). Their TGA showed that the combustion
temperature of PBS-NHox decreased by about 160°C, but not that of PBS-NHh. According
to our previous report, this combustion-temperature decrease is due to the chemical
structure changes of the functional groups at the holes edges of NHox [4]. We believe that
the chemical structure changes of the hole edges of NHox brought by PBS was the major
reason for the CDDP-release from NHox stopping at 15%, which will be discussed in detail
in the talks.

Acknowledgement: We thank Dr. T. Azami and Dr. D. Kasuya for preparing single-wall carbon nanohorns.
References: 1) T. Murakami, et al. Mol. Pharmaceutics,1, 399 (2004). 2) K. Ajima, et al. Mol
Pharmaceutics, in press (2005). 3) K. Ajima, et al. The 29" Fullerene-Nanotubes General Symposium, 2P-44
(2005). 4) J. Miyawaki, et al. J. Phys. Chem. B 108, 10732 (2004).

Corresponding author: Kumiko Ajima, Masako Yudasaka

E-mail: kumikoajima@frl.cl.nec.co.jp, yndasaka@frl.cl.nec.co.jp
Tel: +81-(0)29-856-1940, Fax: +81-(0)29-850-1366.



1P-34

Phonon transport in finite length SWNTSs using molecular dynamics
simulations
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Single-walled carbon nanotubes (SWNTs) are expected to possess high thermal
conductivity due to their quasi-one-dimensional structure and strong carbon bonds [1]. While
experimental attempts to characterize heat conduction of SWNT encounter technical
difficulties, the classical molecular dynamics (MD) simulations hold advantage as the heat
conduction is phonon-dominated. MD simulations give us access to detail properties such as
length dependence of thermal conductivity. Furthermore, by analyzing temporal evolution of
spatio-temporal spectra by performing the wavelet transform or the short time Fourier
transform, one can probe dynamics of individual phonon modes and their contribution to the
overall heat conduction.

~ Our early MD studies showed the power-law length dependence of SWNT thermal
conductivity up to sub-micrometers length [2]. This has been discussed in relation with the
one-dimensional heat conduction where theoretical models exhibit divergence of the thermal
conductivity with respect to the tube length [3]. Here, we report our recent results of the
simulation covering larger range of nanotube length and with longer sampling time. Results
indicate that thermal conductivity is likely to converge where the length dependence falls off
from the power law at the nanotube length of the order of a micrometer. The results, together
with the observation of detailed phonon dynamics, will be compared with available studies of
phonon transport equations. The detail  1ggo
pictures of the phonon transport can be
probed by exciting heat pulse or wave
packet and tracing their propagation. For
finite length SWNTs, phonon dependent
contributions to the heat conduction are
investigated in terms of transport
properties of phonon modes in the key
branches.
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Kataura plot based on GWA graphene dispersion
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Peaks of joint density of states (JDOS) of single-walled carbon nanotubes (SWNTs)
plotted against diameter is called Kataura plot [1] and conveniently used for interpretation of
resonant Raman scatterings, optical absorption

and fluorescence spectroscopy. 3 o S D;ﬁf:

There are two ways to calculate the plot: ol rnbnu i
one is to calculate SWNT energy band directly; s ' Q(;, :
another is to use zone-folding approximation to g . ?f‘p xX,
the calculated energy band of a graphene sheet. g o ‘ﬁ‘f’ o) .
Since the former is too heavy to calculate with 2 n”%d: “ Po* %
ab-initio calculation such as local density 508 adh* ﬁ%‘:&

] -,

approximation (LDA) and GW approximation & ® T8 @D:ﬂ?j g
(GWA), a comprehensive technique to °S OGWA &
compensate the curvature effect on E \L/\ll);i\sman
zone-folding method (Fig. 1) is desired. 048 1 12 14 1s 18 2
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o Fig. 1 Kataura plot from zone-folding of
geometry optimized nanotube structure was graphene with GWA, LDA, TB models.

Here, Kataura plot calculated from

compared with the simple zone-folding o——
approximation within Hamada-TB [2] level -0 &,;8 S
as in Fig. 2. After the full understanding of 2 o g(%
. . . ®
geometry effect and deviation of compensation 3 g © x i
. . . . = o o
function, this compensation function was § K o)
. o : s |9
applied to the dispersion relation of graphene s 1 @
calculated with GWA. 4 20
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s 117 o%%e
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examined by Hamada-TB level.
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AFM Evaluation on Suspended Carbon Nanotubes
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Optical characterization with absorption and emission of suspended carbon nanotubes has
shown remarkable progress on evaluating structural and electronic properties of nanotubes.
These optical properties have been believed to come from individually isolated nanotubes
without any experimental evidence. To study and evaluate properties of the suspended
nanotubes, such as numbers of nanotubes in each bundle and bundle concentration, we have
developed a new spray technique coupled with AFM observations. With this technique, the
number density of nanotube bundles is evaluated through sonication and centrifugal
sedimentation processes coupled with optical characterization.

SWNTs of purified HiPco were dispersed in aqueous sodium dodecyl sulfate (SDS)
surfactant [1 wt %] with bath sonicator (sample 1). The resulting suspension was then
treated in a probe-tip ultrasonicator (SONIFIER 250) for 30 min (sample 2). After
sonication, the sample was centrifuged (HITACHI CS100GXL) at 197,000g for 1 hour
(sample 3) [1]. These samples were observed by AFM (Veeco Digital Instruments
NanoscopelV), absorption spectroscopy (JASCO V-570) and spectrofluorometer
(SHIMADZU). AFM samples were prepared by the spray technique with the suspension.

The AFM images show nanotube bundles together with uniform thin layers of SDS with the
height of 2-3 nm. The ratio between observed amounts of SDS and that of nanotubes show the
number density of nanotube bundles in the
suspension using the concentration of SDS.
Figure 1 shows that the number density increases as
the sonication power is increasing from sample No.
1 to No. 2 suggesting debundling thick bundles into
individual nanotubes. The results also show that
ultracentrifugal sedimentation from No. 2 to No. 3
changes the density to half of its original. With
co-observed height and length distribution and
optical observation, further analyses on absorption
and emission cross section of the suspension and

40

30
2 R
1 2 3

Density of SWNTs { 10" 7 mi ! (1% SDS solution)

their dependence on the bundle size are in progress. Sampte No.
References: Figure 1: Changes of Density of carbon
[1] M. J. O’Connnel, et al.: Science 297 593 (2002). nanotubes in SDS solutions about

each sample.
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Single-Walled Carbon Nanotubes Studied by Tip-enhanced Near-field
Raman Spectroscopy
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Raman scattering from molecules adsorbed on metallic nanostructures is strongly
enhanced due to excitation of localized surface plasmon polaritons. This phenomenon is
known as surface enhanced Raman scattering (SERS). Even a single metallic nanostructure,
e.g. metallic needle tip, can induce SERS at its apex, which is called tip-enhanced near-field
Raman scattering (TERS). TERS provides detailed chemical information in nanometer scale
and is a suitable tool for characterization of carbon nanotubes.

We investigate the polarization property in tip-enhanced Raman spectroscopy by
employing a radial plate consisting of four divided half-wave plates each with a different
orientation of the slow axis. The radial plate provides both longitudinal (parallel to the tip
axis) and lateral (perpendicular to the tip axis) polarization of the electric field on the sample
plane by selecting the proper polarization of the incident field. Single-walled carbon
nanotubes are investigated with this polarization control. The radial breathing mode (RBM)
and the G-band, which belong to different vibrational symmetries, show opposite polarization
dependences. We will also report the investigation of the polarization selectivity of the
tip-enhanced efficiency within the G-band.

Until now, almost all TERS spectroscopy has been operated in transmission mode
because of experimental confinement. However, the transmission configuration cannot afford
opaque or thick samples whereas reflection mode can. We have successfully measured TERS
in reflection-mode. In this system, both illumination of incident laser and collection of Raman
signals are performed from upward through long working distance objective lens that can be
applied for any substrates. We will also demonstrate TERS results on silicon substrates.

Corresponding Author: Yuika Saito

E-mail: yuika@riken.jp
Tel: 048-467-9339, Fax: 048-462-4653



1P-38

The feature of the Breit-Wigner-Fano Raman line in DNA-wrapped
single-wall carbon nanotubes

(OHironori Kawamoto, Takashi Uchida, Masaru Tachibana and Kenichi Kojima
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Yokohama 236-0027 Japan

Breit-Wigner-Fano (BWF) Raman line in DNA-wrapped single-wall carbon
nanotubes (SWNTs) was investigated. For as-produced HiPco SWNT bundles, the
asymmetric profile of BWF line is clearly observed with an excitation energy of 2.33 eV
(Fig.1a). The asymmetric feature almost disappears in isolated HiPco SWNTs by DNA
wrapping in aqueous solution (Fig.1b). The change provides evidence that the asymmetric
feature of BWF line is attributed to the bundling effect of SWNTs. In addition, the
asymmetric feature of BWF line strongly appears when the DNA-wrapped SWNTs are
exposed to air. This means that the rebundling in the DNA-wrapped SWNTs can occur due to
drying. According to the change of BWF line, the debundling and rebundling of
DNA-wrapped SWNTs can occur due to hydrating and drying, respectively. Such reversible
feature of DNA-wrapped SWNTs suggests that they are promising materials for biosensors
and drug delivery devices.

@) (®)

Relative Intensity (arb. units)
Relative Intensity (arb. units)
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Fig. 1 TM bands in typical Raman spectra for (a) as-produced HiPco SWNT bundles, and (b)

DNA -wrapped HiPco SWNTs in aqueous solution, taken with an excitation energy of 2.33 eV

(532 nm) at 296 K. The TM band was fitted with three Lorentzian (dotted) lines and one BWF

(dashed) line.

Corresponding Author: Masaru Tachibana
E-mail: tachiban@yokohama-cu.ac.jp
Tel: +81-45-787-2307, Fax: +81-45-787-2307



1P-39

Band-gap modulation of semiconductive single-walled carbon
nanotube in miceller solution by addition of viologens
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Semiconductive single-walled carbon nanotube (sSWCNT) can be a
macromolecular probe for environment of coating materials by detecting its band-gap
modulation (BGM). By insertion of charged and non-charged organic molecules to w/w
1% sodium dodecyl sulfonate (SDS) micelle, the BGM were investigated by absorption

and photoluminescence (PL) spectroscopies. Uniform red-shifts were observed in the
absorption spectra of (d) phenyl viologen (PV?") and (¢) methyl viologen (MV>")
(Figure 1), while the significant shifts were not induced by addition of non-charged (b)
4,4'-dimethylbipheny! and (c) 6,6'-bi-3-picoline. We consider that the larger red-shift in
MV?*" addition than PV?' is due to the amounts of the viologens inserted to the
hydrophobic domain of SDS micelle. In PL mappings after addition of the viologens,
E1 emissions of both type I and II' sSSWCNTs were uniformly red-shifted. These
phenomena would be explained to hole-doping effect by insertion of the cationic
viologens to SDS micelles, not by
matrix-imposed stress-induction. The a1
detail PL results and electronic
structures of sSWCNTs will be o
discussed at the meeting.

Absorbance

'Type I and II are defined by mod(2n+m, 3)

=1 and 2, respectively. 1o
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Theoretical Current-Voltage Characteristics of Finite-Length Carbon
Nanotube between Silicon(111) Electrodes
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Since the discovery of electronic transport property of carbon nanotube (CNT), a large
number of studies have been carried out toward its application to many fields. In particular,
CNTs have been attracting much attention for making molecular devices, since CNTs are
expected to give a high-speed transistor due to ballistic conduction. Recently, it has been
suggested that individual metallic single-walled CNT (SWCNT) with tunneling barriers
resulting from division into short nanotube sections can be used for the single-electron
transistor (SET) [1] and that SWCNT functionalized with hydrogen on the side wall can be
expected as a quantum dot [2].

On this background, here we investigated current-voltage (I-V) characteristics of (a) CNT
(6,6) wire and (b) CNT (6,6) wire functionalized with hydrogen sandwiched between silicon
electrodes with Si(111) surface. The transmission spectrum was computed using
TranSIESTA-C program package [4]. In TranSIESTA-C, the charge density distribution is
calculated with density functional theory (DFT). Effect of the finite bias is taken into
account using non-equilibrium Green’s function (NEGF) method [3]. I-V characteristics was
obtained from the transmission spectrum using the Landauer-Biittiker formula [3].

In the presentation, we will report quantum phenomena such as Coulomb blockade in the
system (b). Moreover, we will compare I-V characteristics of the system (a) with that of the
system (b).

References:

[1] H. W. Ch. Postma et al., Science, 293, 76 (2001).

[2] K. Sueishi et al., Abst. 28th Fullerene-Nanotube General Symposium, 28, 131 (2004).

[31 S. Datta, Electronic Transport in Mesoscopic Systems (Cambridge University Press, New York, 1996).
[4] M. Brandbyge et al., Phys. Rev. B 65 165401 (2002).
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Photon-Induced Damage Creation in Carbon Nanotubes
O Satoru Suzuki, Fumihiko Maeda, Yoshihiro Kobayashi
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CREST, JST

Our previous studies have shown that low-acceleration-voltage electron irradiation
inevitably damages single-walled carbon nanotubes (SWNTs) [1]. This phenomenon
can also be utilized for spatially selective removal of SWNTs [2], conversion of electric
property of a SWNT-FET from metallic to semiconducting [3], and making a SWNT
insulating [4]. Here, we show that SWNTs are also damaged by low-energy photon
irradiation in an ultra-high vacuum.

SWNTs grown by the ethanol-CVD method were exposed to white light in an
ultra-high vacuum at beamline ABL-3B in the synchrotron radiation facility of the NTT
Atsugi R&D Center. The photon energies were dispersed in a wide energy range of the
vacuum-ultra-violet region, but they were mostly below 1 keV. The irradiation dose was
estimated to be of the order of 10% /cm®.

The light irradiation drastically decreased G-band intensity in the Raman spectrum
of the SWNTs, as shown in Fig. 1. This result is very similar to those obtained when
SWNTs are irradiated by low-acceleration-voltage electrons, and indicate that the
SWNTs are heavily damaged. It also strongly suggests that the low-energy photon and

electron irradiation damage occurs without assistance of gases in the circumference.
References:

[1] S. Suzuki et al., Jpn. J. Appl. Phys. 43
(2004) L1118.

[2] S. Suzuki et al., Jpn. J. Appl. Phys. 44
(2005) L113.
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Chemical Modification of Multi-walled Carbon Nanotubes (MWNTs)
by Vacuum Ultra-violet (VUYV) Irradiation Dry Process
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Controlled chemical modification of the sidewalls of CNTs is one of the most
fundamental technologies for device applications, such as transistors, sensors, and so forth
[1,2]. There are few reports on the dry process for chemical modification, although a dry
process has many advantages compared to a wet process because of its controllability of
aggregation. Mawhinney [3] and Cai [4] reported that the oxidation of single-walled carbon
nanotubes (SWNTSs) in an ozone or UV/O; reaction produced a series of oxygenated groups.
However, they did not estimate the amount of functional groups quantitatively.

We have developed a fast dry oxidation process for CVD grown multi-walled carbon
nanotubes (MWNTs) using VUV (Vacuum Ultra Violet light (A= 172nm)) irradiation. We
introduced carboxyl groups as many as 3% of the carbon atoms within one minute at room
temperature as shown in Fig.1. The MWNTs with the carboxyl groups were analyzed by
attenuated total reflection (ATR) FT-IR, transmission electron microscopy, and Xx-ray
photoemission spectroscopy. The attachment of the carboxyl groups was further confirmed
by reacting ferritin molecules with the
MWNTs.

We believe that active oxidizing species 8 _m-C-O-
such as singlet oxygen are related to the high- .~~~ (Alcohol)
speed mechanism in the reaction L 6 L~ - ol
system.References: © B‘m  (Quinoneetc) >C=0

[1] K. Matsumoto et. al., JTAP, (2003), 42,2415 g L ol =

[2] M. Nihei et. al, Proc. of IEEE/IITC, 234 2005) < e ®

[3] D.B. Mawhinney et. al, CPL, (2000), 324, 213 2 L =COOH.

[4] L.Cai et al, Chem. Mater., (2002), 14, 4235 (CarboxyD
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Fig.1 Reaction time dependence of ‘Dry Oxidation’



1P-43

Fabrication of antigen sensor using carbon nanotube FETs
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Carbon nanotube (CNT) FETs have attracted much attention for a variety of applications.
Recently, the CNT biosensors have been reported [1,2]. However, the sensors have the
problem of exposing the electrodes directly to the solution. In this study, we have fabricated
the CNT-FETs, in which the contact electrodes are covered with insulator, and studied the
effects of the antibody-antigen reaction on the drain current.

Figure 1 shows an SEM image and a schematic cross section of the CNT sensor we
fabricated. The open window on the CNT is used for the detection of antibody-antigen
reaction. By this structure, it is possible to avoid the problem of exposing electrodes directly
to phosphate buffered saline (PBS) solution. Figure 2 shows the time dependence of the drain
current of the CNT-FET. The current oscillation was caused by the periodic adding of the
water. This is probably due to the change in the pH of the solution. The base line of the
oscillation decreased when the PBS with antigen (10 mg/ml) was added in the solution. This
probably reflects the antibody-antigen reaction suggesting the possibility of the CNT-FETs as
the antigen sensors. R
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Fig. 1. SEM image and schematic cross Fig. 2. Time dependence of
section of the fabricated CNT sensor. the drain current.
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Easy Fabrication Process of Carbon Nanotube Emitters for Diode Type
Field Emission Display with Organic Luminescence Thin Films

oNobuyuki Iwata, Yasunori Hata, Masato Yoshikuni and Hiroshi Yamamoto
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We propose a novel low voltage acceleration field emission display (LV-FED) by
using organic luminescence films and carbon nanotube (CNT) emitters as a cold
cathode. The proposed LV-FED has a diode-type structure and is assembled by
placing the CNT emitters close to the luminescence layers with the um order of distance.
The applied voltage between the anode (luminescence layers) and the cathode (CNT
emitters) works also as electric field which transports injected electrons in the
luminescence film to the recombination interface with holes.

In this study we fabricated CNT emitters by the following easy processes;
screen-printing (SP), spreading by spray (SS) and spin-coating (SC) methods. The

fabrication processes, conditions and emission current obtained are listed in Table . In
the case of SS and SC, decanted suspension of CNT’s was used after sonicating the
solution of CNT. The reason why somewhat low current density is probably due to the
long cathode-anode distance, about 200um. The SEM image showed that individual
CNT’s with about 100nm-500nm were dispersed with the density of 1.2x107 cm™.  We

will discuss observed luminescence concerned with the emitters fabricated.

Table I : Fabrication processes of CNT emitters, condition and emission current

Sp SS SC
Soluti o-terpineol(2.99g)+ Tetrahydrofuran Dimethylformamide
olution
ethylcellulose(0.16g) (THF) (DMF)
CNT powder (wt%) 0.66 0.05 0.02
. . magnetic stirring at L.
Dissolution . sonication for 12h sonication for 12h
70°C for 30min
.. 0.1MPa,1sec*50,
Deposition squeeze 2200rpm, 60sec
300°C
Annealing Dry 150°C, Bake 400°C Bake 400°C Dry 150°C, Bake 400°C
Current Density at 9 (after irradiation of . %5
350V (pA/cm?) excimer laser)
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Development of detachment method of vertically aligned SWNT films
from substrates and their re-attachment to arbitrary surfaces
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Abstract:

A hot-water assisted detachment method for the peeling-off of our vertically aligned
single-walled carbon nanotube (VA-SWNT) films [1] from substrates has been
developed. In particular, we found that the VA-SWNT films grown on quartz substrates
(Fig. 1a) is efficiently peeled off by submersing the substrate into heated distilled water
(schematic in Fig. 1). The detached film floats on the water surface (Fig. 1b). The key
point is to use warm water above 60 °C, because the water in R.T. is almost ineffective

-for the detachment, as has been confirmed with excellent reproducibility [2].

Furthermore, the detached film is readily re-attached to arbitrary surfaces such as Si
substrates (Fig. 1c) and transparent plastic films (Fig. 1d). SEM observation confirms
that the morphology before detachment (Fig. 2a) is perfectly preserved even after the
re-attachment to other substrate (Fig. 2b). Detailed procedure, possible applications, and
mechanism of the hot-water assisted process, will be presented in the symposium.

Distilled water
{(Warmed)

Fig. 1. Photos of the VA-SWN (a) before and (b) after Fig. 2. SEM image of the film
after re-attachment to (c) Si substrate and (d) transparent film. All the films in  (a) before detachment and (b)
(b-d) are the same as that in (a). The left figure shows schematic of the process. after re-attachment on Si.

[1] Y. Murakami et al., Chem. Phys. Lett. 385 (2004) 298. [2] Y. Murakami et al., to be submitted.
Corresponding Author: Shigeo Maruyama,
E-mail: maruyama@photon.t.u-tokyo.ac.jp Tel&Fax: +81-3-5800-6983
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Microreactors Utilizing Vertically-Aligned Carbon Nanotubes
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Carbon nanotubes are one of promising materials as catalyst support, because of their high
surface area, feasibility to chemical modifications, and mechanical/chemical stability [1].
However, these are severe limitations in the use for catalyst support due to the high cost of
nanotubes and their poor solubility.  Recently, microfluidic devices have been attracted a
great interest as efficient and continuous reactors [2].  Generally, catalysts are immobilized
on the walls of microchannels by chemical modification or vacuum deposition so that a
catalytic reaction occurs only at surface of the channel.

We have applied carbon nanotubes to the catalyst support by growing them inside a
microchip.  The nanotube-incorporated microchip has many advantages; (i) nanotubes are
fixed inside the channel so that dispersion of nanotubes in solvent is unnecessary, (ii) large
contact area is expected because the nanotubes cover the whole channel, (iii) collection of
nanotubes after a chemical reaction, such as filtration, is not required, and (iv) an
electrochemical reaction or sensing can be performed due to their high electrical conductivity.
We grew vertically-aligned multi-walled carbon nanotubes inside a channel (Fig. 1) and
chemically modified them with Pt nanoparticles.  Hydrosilylation of olefin, which proceeds
in the presence of Pt catalyst, was performed as a model reaction of catalysis, as shown in Fig.
2. The silane conversion reached 70 % after 1 hour of the experiment.  We believe that
our idea of incorporating nanotubes into microfluidic devices may find promising applications,
because a small amount of nanotubes work uniquely and efficiently.

100 pm

Product

Figure 1. SEM image of vertically-aligned  Figure 2. Illustration of the hydrosilylation reaction in the
carbon nanotubes grown inside the PUMWNT-immobilized microreactor. The size of the
microchannel. reaction zone is 2.5%x20x0.2 mm>,

Acknowledgements: The authors acknowledge support from CREST-JST, Grant-in-aid for Scientific Research
from MEXT (#16710087), and Nissan Science Foundation. HA thanks Prof. K. Tanaka for helpful suggestions.

References: {1} P. Serp. M. Corrias, P. Kalck, Appl. Catal. A4, 253,337 (2003).
[2] W. Ehrfeld, V. Hessel, H. Lowe eds., Microreactors, Wiley-VCH (2000).
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Growth and Characterization of Carbon Nanowalls
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Carbon nanowalls are one of carbon material with two-dimensional structure. They
attracted attention due to their unique shape, which may enable their usage of gas storage
devices, membranes for electrochemical energy storage, and field emitters. The structural
characterization is indispensable for their practical applications [1, 2, 3].

The carbon nanowalls used in this work were produced on quartz and Si substrates
coated Ni, Ni/ITO, Ni/Cr or without any catalysts using a gas mixture of CHy, H, and Ar by
dc PECVD method. Their lateral sizes were controlled from 0.3um to 1.5um, by growth
conditions. SEM was used to observe morphologies of carbon nanowalls and Raman
spectroscopy and XRD were used to evaluate their structure.

Fig.1 shows the SEM images of carbon nanowalls prepared by dc PECVD method
under different growth times. It shows small flakes grow to large sheets gradually and wavy
sheets form the network structure. From their Raman spectra and XRD data, we will discuss
growth mechanism and structure of the carbon nanowalls in this report.

Fig.]1 SEM images of carbon nanowalls prepared under different growth times (from left, Smin,

10min and 20min, respectively).

[1]Yihong Wu, Peiwen Qiao, Towchong Chong, Zexiang Shen, Adv. Mater., 14, 64 (2002)

[2]M. Hiramatsu, K. Shiji, H. Amano, M. Hori, Appl. Phys. Lett., 84, 4708 (2004)

[3]S. Kurita, A. Yoshimura, H. Kawamoto, T. Uchida, K. Kojima, M. Tachibana, P. Molina-Morales, H. Nakai, J.
Appl. Phis., 97, 104320 (2005)
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Surface Modification of Carbon Nanotube
with NO, Radical in Fuming Nitric Acid
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While surface modification by organic reactions has been thoroughly studied in fullerene
chemistry, such for carbon nanotube is now rising and variety of reactions on the sidewall
have been demonstrated recently. In this report we wish to demonstrate the methods to
prepare water-soluble SWNT using simple NO, radical reaction as a key step.

The aimed radical is available directly from NO, gas dissolved in aq. HNO; (fuming nitric
acid). Related works are precedented for the addition reaction of SWNT with NO; gas in
organic solvent by Moriyama and the oxidation reaction of SWNT with HNOs-H,SO, by the
pioneer Smalley. For comparison, heterogeneous conditions using fuming HNO3 was carrted
out first with [60]}fullerene, and sonication of suspended black powder Cg in this solvent was

found to cause dissolution gradually and give fullerenol as a brown solution.
fuming HNO, H,O0
Ceso N > Cg0(NO2), > Cgo(OH),
)

With this result in hand, SWNT was sonicated in 2ml fuming HNO; at 60°C for 10h by
Branson ultra sonic cleaner (42kHz). After dilution, the products were separated by filtration

with Millipore membranes filter (10pm), and washed with water. The residue was put into
10ml water and further sonicated at 60 °C for 10h, followed by filtration with the same filter.
We obtained black dispersed solution, which kept stable dispersion for over one month.

The AFM images of SWNT [a) before and b) after treatment in Fig. 1] showed that SWNT
was cut after the treatment. The Raman spectrum @ o
also showed stronger D-band (ca. 1300cm™),
which is consistent with sidewall modification. We
believe that the second sonication with NH; or H,S

a0 ms o es By LTk

T

and application to DWNT may be interesting in our .
present method. Fig. 1 AFM images of SWNT a) before, b) after

References : H. Moriyama, Abstracts of The 25th Fullerene-Nanotubes Memorial Symposium, 1P-55 (2003)
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Trapping of S-Heterocyclic Carbene with Cg Probe Technique
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ICenter Jor Tsukuba Advanced Research Alliance, University of Tsukuba,

5 Tsukuba, Ibaraki 305-8577, Japan
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* Department of Applied Chemistry, Faculty of Engineering, Gunma University, Kiryu,
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Recently, Wiberg and co-workers reported the preparation of TTF analogue
with a disilane backbone, obtained from the reaction of the isolable disilene with carbon
disulfide[1]. They suggested that S-heterocyclic carbene intermediate plays the

important role in the process of the generation of TTF analogue. Meanwhile,
heterocyclic carbenes have attracted special attention as a spin source, ligand, catalyst
and so forth, due to their unique coordination properties. Recently, we have reported the
generation of a  tetracyclosilene @ by  the  photolysis of  the
anti-dodecaisopropylcyclo[4.2.0.0%Joctasilane[2]. Herein we report the generation of
S-heterocyclic carbene with a cyclotetrasilane backbone by [2+3] cycloaddition of
tetracyclosilene with carbon disulfide[3]. The carbene has been confirmed by trapping it
with Cep as a chemical probe[4]. The structural determination of the obtained Cg
derivative has been performed by spectroscopic and X-ray crystallographic analysis.

Scheme.

R
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Fi igure. Crystal structure of CGQ(C19H42$28i4).

[1]1 N. Wiberg et al. Chem. Eur. J. 8, 2730 (2002). [2] S. Kyushin et al. Chem. Lett. 494 (2000).
[3]1 H. Nikawa et al. Angew. Chem. In. Ed. in press. (4] a) T. Akasaka et al. J. Am. Chem. Soc., 122, 7134
(2000). b) T. Wakahara et al. J. Am. Chem. Soc. 124, 9465 (2002). c) M. T. H. Liu et al. J. Org. Chem. 68,

7471 (2003). d) M. O. Ishitsuka et al. Tetrahedron Lett. 45, 6321 (2004).
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Regioselective Synthesis and Structure of
Hepta(organo)[60]fullerene-Transition Metal Complexes

OTakeshi Fujita!, Yutaka Matsuo?, and Eiichi Nakamura':2

' Department of Chemistry, The University of Tokyo and *Nakamura Functional Carbon
Cluster Project, ERATO, JST, Hongo, Bunkyo-ku, Tokyo 113-0033, Japan

Regioselective functionalization of fullerenes is one of the challenges in
fullerene chemistry due to their complicated reactivity. However, we achieved this goal
by reduction of penta(organo)[60]fullerene-transition metal complexes with potassium.
Herein we report the regioselective synthesis of three kinds of
hepta(organo)[60}fullerene-iron complexes by the reduction of buckyferrocene 1
followed by trapping with alkyl bromide. And also we applied this reaction to the
synthesis of hepta(organo)[60]fullerene-ruthenium complexes having carbonyl ligands.

= @ T < F
PN o | TN | memen BEEEN0 RE R
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PhyHC CHPh, PhaHC CHPh,
1 2 3(23%) 4(5%) 5(3%)
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Buckyferrocene 1 was first reduced with nine equivalent of potassium in THF

-

to give a dianion 2, and then treated with excess amount of a-bromodiphenylmethane to
afford three isomers of heptaadducts 3, 4, and 5. The structures of these compounds
were determined by X-ray analysis. The three isomers of UV-vis-NIR spectra were quite
different from each other due to having different n-conjugated systems. On the other
hand, a fullerene-ruthenium complex 6, which has two carbonyl ligands, was reduced
without any decomposition and followed by the addition of the same halide to give a
corresponding heptaadduct 8. We also report the spectroscopic properties of the
dianions, the intermediates of these reactions.

Corresponding Author: Eiichi Nakamura
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Kinetics of 1,3-Dipolar Cycloaddition of Diaryldiazomethanes with
Fullerenes Cq, and Cy

OH. Kitamura, N. Seike, T. Higashi, K. Kokubo, and T. Oshima
Department of Applied Chemistry, Graduate School of Engineering, Osaka University,
Suita, Osaka 565-0871, Japan

Due to the highly conjugated low-lying LUMO orbital, Cep is demonstrated to easily
undergo electrocyclic reactions such as 1,3-dipolar cycloaddition and Diels-Alder reaction.
Diazoalkanes are well known to react with Cg to give two monoadducts, [6,5] open fulleroids
and [6,6] closed methanofullerenes, via nitrogen-release from the primary adducts [6,6]
pyrazolines.

However, to our best knowledge, little is known about the kinetic features of these reactions.
We, therefore, investigated the kinetics of 1,3-dipolar cycloaddition of a series of meta- and
para-substituted diphenyldiazomethanes (DDMs) with fullerenes Cg and Cyo at 30°C in
toluene. The second-order rate constants for the primary addition of unsubstituted DDM to
Ceo and Cyo were 0.113 and 0.078 s7! M'l, respectively. It was found that Cg reacted ca 1.5
times faster than C;, with DDMs and the rates increased with the increase of
electron-donating ability of the substituents. The Yukawa-Tsuno equation gave the excellent
correlations; log K*/k° = -1.61(c + 0.21645g") + 0.02 (n = 12, R*= 0.98) for Cg, and log
1" = -1.66(c + 0.16745x") + 0.00 (n = 12, R*= 0.98) for Cr, respectively. Plots of log
k(Cygo) against log k(Co), log k(DDQ), and log &(TCNE) provided the linear correlations with
the slopes of 0.99, 1.57, and 2.57, respectively, reflecting the redox potentials as well as the
LUMO coefficients of the acceptors.

. 6,6]closed
[6,6]closed pyrazoline [5.6]open fulleroid me[thar]wfu"erene
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Diastereoselective Complexation of Chiral Diphosphine and
Ruthenium-Pentaorgano[60]fullerene

O Yuichi Mitani,' Yutaka Matsuo,? Yu-Wu Zhong? and Eiichi Nakamura'+

'Department of Chemistry, The University of Tokyo and *Nakamura Functional Carbon
Cluster Project, ERATO, JST, Hongo, Bunkyo-ku, Tokyo 113-0033, Japan

Control of stereochemistry at the metal center of half-sandwich transition metal
complexes plays an important role in both catalytic and stoichiometric enantioselective
transformation reactions. Herein we report the diastereoselective complexation of
Ru(CesoMes)CI(CO), (1) with (R)-prophos ligand [(R)-1,2-bis(diphenylphosphino)propane],
giving an enantiomerically pure and configurationally stable chiral-at-metal complex,
Ru(C¢oMes)CI((R)-prophos) (2). This complex was diastereoselectively converted into
cationic complexes, [Ru(CsoMes)((R)-prophos)L][SbFs] (L. = MeCN (3), ‘BuCN (4),
methacrolein (5), acetone (6), CO (7), 2,6-Me;CsH;NC (8), BnNC (9)) and vinylidene

complex (10) was also obtained diastereoselectively by treatment of 3 with phenylacetylene.

Scheme 1 Me,

oG N
ocyE M PhoP, Cl PPh
Me, \ﬁ 7 N1/ E

2: (100% de)

AgSbFg, L
CHClp, 25°C
>90%

Me,‘ _]SbFs_

PhA_L PPh
2 2
\RI/*'

U™ Me

Me, ATEIEN Me
Ph—=—H g
-
CHCls, 80°C Figure 1, Molecular stiucture of Ru(CgMes)CI{(A)-prophos] (3)
90% Selected bond distances (A) and angles (°); Ru-C(fullerene Cp, averaged)
L=MeCN =228 A, Ru<entroid(fullerene Cp) = 1.92 A, Ru-C = 2.437(3) Ru-P1 =
10 (100% de) 3: L = MeCN (100%ds) 2.344(3), Ru-P2 = 2,341(3), P1-Ru-P2 = 80.5(1), Cl-Ru-P1 = 86.2(1),

4: L = t+-BuCN (100% de) Ci-Ru-P2 = 81.4(1).
5: L = methacralein (100%de)
8: L = acetone (100% de)
7: L =CO (100% de)
8: L = 2,6-Me,CgHsNC (77% de)
9: L = PhCH,NC (7% de)
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Application of Cg-based amine-labeling reagents to MALDI-TOF MS analysis

OHiroki Tsumoto'?, Katsumasa Takahashi', Kohfuku Kohda?, Takayoshi Suzuki’,
Hidehiko Nakagawa' and Naoki Miyata'

! Graduate School of Pharmaceutical Sciences, Nagoya City University,
Tanabe-dori, Mizuho-ku, Nagoya 467-8603, Japan
’F, aculty of Pharmaceutical Sciences, Musashino University,
Shin-machi, Nishitokyo, Tokyo 202-85835, Japan

Peptide mass fingerprinting (PMF) is a mass spectrometric technique for identification of proteins.
The masses of tryptic peptides from digested protein are matched to the theoretical peptides in database.
To identify the parent protein with greater accuracy and confidence, the number of identified tryptic
peptides is important. Matrix-assisted laser desorption/ionization time-of-flight (MALDI-TOF) mass
spectrometry is generally used in the PMF method. However, it is somewhat difficult to analyze small
molecules (m/z < 500 Da) by MALDI-TOF mass spectrometry. This is in part due to the poor
ionization efficiency for the lack of high-proton-affinity functional groups and to the presence of
matrix-related ion peaks in the low-mass range.

Our strategy is to use a physico-chemical property of Cgo for the analysis of small
molecules by MALDL. In the 28th symposium, we reported the synthesis of
amine-labeling reagents containing Ce moiety (Figure 1). Cg-derivatization of
tryptic peptides results in a theoretical monoisotopic mass-increase of 878.07 (1),
883.10 (2), 955.98 (3) and 756.00 (4), respectively. There are three advantages in

1:R=C5H5,n=3

the Cgy~derivatization method. The first is the increased sensitivity caused by Ceo § '; : 8635'32 =ni s
moiety. The second is the mass shift toward higher mass range from the matrix  4:R= Hn=0
range. The third is the relative quantification of tryptic peptides by using the Figure 1.

isotope-coded light (1) and heavy (2) reagents. The improved ionization
efficiency of the Cg-labeled peptide and the increased mass of the Cg-labeled analytes including amino
acids and peptides were demonstrated using negative ion mode.

To demonstrate the identification of a protein with increased sensitivity and sequence coverage, the
tryptic peptides from cytochrome ¢ were treated with reagent 1.  The new peaks a ~ ¢ were obtained in
the mz 1000 ~ 2000 range and the
sequence of the peaks was identified b o
from the increase of the mass (Figure 2). "1 T e e
In this symposium, we report the of | ¢ d s 1mm o wem
potential use of the Cg-derivatization N [ 15
method for the identification and " 1000 1100 1200 1300 1400,.450p, 1600 1700 1800 1500 2000
quantification of proteins.
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Figure 2.
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Mechanism of mechanochemical hydroxylation of fullerene

OT. Kubo, E. Matsui, H. Watanabe and M. Senna

Faculty of Science and Technology, Keio University,
3-14-1 Hiyoshi Kohoku-ku, Yokohama 223-8522, Japan

Out of many possibilities to make fullerene (Cgo) water-soluble, a mechanochemical route by
milling Ceo with alkali metal hydroxide seems attractive, due to its simplicity and ecological
benignity. The reaction is known to be sensitive to the atmosphere and amount of additives.
Zhang et al. prepared fullerene hydroxide (fullerenol or Cg(OH),) by milling in air and
adding a large amount of alkali metal hydroxide [1]. Komatsu et al. on the other hand,
reported dimerization of fullerene by milling Ce in an inert gas atmosphere and adding alkali
metal hydroxide in a catalytic quantity [2]. However, most of the reaction mechanisms are
still open.

We here examine the reaction mechanism of fullerenol formation via a mechanochemical
route, by comparing with known mechanisms of the similar reactions via a photochemical
route [3], by zooming up the formation and properties of intermediate active species.

Fullerene and one of the hydroxides of Li, Na, K were mixed at the molar ratio, 1:250 with
a vibro-mill (Fritsch Vibratory Micro-Mill, Pulverisette 0) for 5h, dispersed in water and
filtrated. The filtrate was mixed with methanol and the precipitate was collected by
centrifugation. A black powdery substance was characterized by FT-IR and UV-vis spectra.

In most of the cases, we obtained Cg(OH), with n-value between 8 and 15. Unlike the
cases with sodium or potassium hydroxide, C-H bond formation was observed in addition to
the parallel formation of fullereneol, when we used LiOH-H,O. From ESR spectra, we
confirmed the participation of the cation radical of Cgp by using potassium methoxide as a
nucleophilic reagent. ESR g-value was changed from 2.0029 to 2.0044. Infrared spectra
showed addition of methoxy group.

We therefore think the mechanism of cation radical generation to be similar to the case of
photochemical pathways and this radical is a key active species for the present
mechanochemical hydroxylation. We also speculate the increase in the electron density

around oxygen to ease bond formation to the positively charged part of the cation radical of
Ceo-

References: [1] Pu Zhang, Hualong Pan, Dougfang Liu, Zhi-Xin Guo, Fushi Zhang, Daoben Zhu, Synth.
Commun. 2003, 33, 2469-2474

[2] K. Komatsu, Top Curr. Chem. 2005,254, 185-206

[3] A. L. Shames, E. A. Karz, S. D. Goren, D. Faiman, S. Shtutina, Mate. Sci. Eng. 1997, B45, 134-139
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Effects of pressure and temperature on the solubility of C; in n-hexane
OShinichi Okada, Seiji Sawamura

Department of Applied Chemistry, Faculty of Science and Engineering,
Ritsumeikan University, Kusatsu, 525-8577, Japan.

We have reported that the solubility of Cgg in n-hexane increases with increasing
pressure up to 400 MPa at 298.2 K in the preceding paper [1]. In the present study, we
measured the solubility of C7 in n-hexane at temperatures in the range of 288.2 — 318.2
K and pressures up to 435 MPa.

A clamp-type optical cell designed by us [2] (the light-path length is 1.0 mm) was
used for solubility measurement. A small amount of C7 and n-hexane were put in the
cell and then the cell was pressed. The cell was shaken on a thermoregulated seesaw for
a few weeks, during which the visible absorption spectra of the solution in the cell were
repeatedly measured until the absorbance became constant. Calibration method for

“changes of the light-path length and molar absorption coefficient caused by changes in
pressure and temperature was previously reported [3].

Solubility of Cyg in n-hexane was shown in Fig. 1. It increased with increasing
pressure having a breaking point around 100 MPa at all temperatures. The volume
change, AV, accompanying the dissolution of Cy in n-hexane, was estimated to be
-55.3 £ 5.3 cm® mol™ at 0.10 MPa and -10.4 + 1.1 cm’® mol™ at 400 MPa using a
thermodynamic equation of [0 In X / p}y=— A V/RT. The difference between these
values is too large to be ascribed to the volume reduction of a solid phase of Cyo by
pressure. Interestingly the solubility- pressure curve of Cg in n-hexane at 298.2 K (Fig.
1) has a similar breaking point around 50 MPa, which is assigned to a phase transition
between solid phase such as Cg (fcc form) and a solvate [1]. For Cyo, similar phase
transition in the solid phase may be caused
by pressure though there have not been any
other suggestive reports.

References:[1]S. Sawamura, et al., Chem. Phys.
Lett., 299, 177 (1999). {2] S. Sawamura, ef al., J.
Solurion Chem., 16, 649 (1987). [3] S. Sawamura,
et al., J Phys. Chem., B105, 2429 (2001).
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Synthesis and Reactions of Novel Methano[60]fullerenes
(OTomoyuki Tada, Yasuhiro Ishida, and Kazuhiko Saigo

Department of Chemistry and Biotechnology, The University of Tokyo,
Tokyo 113-8656, Japan

Recently, we have reported on the synthesis of [60]fullerenoacetyl chloride 2a and
found that 2a was a versatile precursor for the preparation of various [60]fullerenoacetic acid
esters and amides [1]. Moreover we have firstly succeeded in the synthesis of

aminomethano[60]fullerenes 5a-e upon applying the Curtius rearrangement of acyl azides
3a-e [2].
Scheme 1 : Synthesis of Aminomethano[60}fulierenes 5a-e

2a: 81%-quant. 5a : 88% (crude)

2b: 99% 5b : quant. (crude)
CH,CH; (1¢) 2c:88% 5¢ : quant. (crude)
CH,CqHs (1d) 2d : 93% 5d : quant. (crude)
CeHls (16) 2e:96% 5e : 84% (crude)

In order to evaluate the utility of Sa-e as a precursor of various methano[60]fullerene
derivatives, the condensation reaction with acyl chloride was investigated. As expected, the
free amine, generated in situ by treatment of Sa with a base, reacted with various acyl
chlorides to afford the corresponding amides 6 in moderate to good yields (Scheme 2).
Moreover, we found that Sbh-d, which possess an alkyl group such as methyl, ethyl, benzyl at

the methano-bridge carbon, were converted to dihydro[60]fullerene derivatives 7b-d under
basic conditions (Scheme 3).

Scheme 2 : Formation of the amides 6 from 5a Scheme 3 : Reaction of 5b-d with a base
R'COCI
Pyridine Pyridine
DMAP DMAP
Toluene Toluene
20-84%

6
) o) o
o = 5b) 7b : 86% (from 4b)
R'COCI = 0 Cl O\/‘k R = CHy (  86%
\(\%{:CI ~ \)]\CIOO/\/U\ o Cl CH,CH; (5¢)

o 7¢ : 56% (from 4c¢)

D)\CI /@/“\Cl CH,C¢Hs (5d) 7d : 63% (from 4d)
cl
@ MeO ON

References: [1] H. Ito, T. Tada, M. Sudo, Y. Ishida, T. Hino and K. Saigo, Organic Letters, 15,2643, (2003).
[2] T. Tada, Y. Ishida and K. Saigo, Organic Letters, to be published.

Corresponding Author : Kazuhiko Saigo
Tel : +81-3-5841-7266, Fax : +81-3-5802-3348, E-mail : saigo@chiral.t.u-tokyo.ac.jp

—104-



2P-9

Recent progress of powder diffraction study of endohedral
metallofullerene at SPring-8

(OEjji Nishibori, Ikuya Terauchi, Masayuki Ishihara, Makoto Sakata, Masaki Takata,
Yasuhiro Ito, Hisashi Umemoto, Hiroe Moribe, Takashi Inoue, Hisanori Shinohara

Department of Applied Physics, Nagoya University, Nagoya 464-8603," Japan., Japan
Synchrotron Radiation Research Institute, 1-1-1 Kouto Sayo-cho Sayo-gun Hyogo
679-5198 Japan Japan. Toyota Central R&D Labs.,Inc., 41-1, Aza Yokomichi, Oaza
Nagakute, Nagakute-cho, Aichi-gun, Aichi-ken, 480-1192, Japan., Department of
Chemistry, Nagoya University, Nagoya 464-8602, Japan.

Abstract: Endobedral metallofullerenes have attracted wide interests due to their
characteristic structural and electronic properties. We have been developing the both
experimental and analytical technique for synchrotron radiation powder diffraction
study of endohedral metallofullerene at SPring-8. Over 37 kinds of powder data of
mono-, di- and tri-metal metallofullerenes have been measured at SPring-8. The lattice
constants of these materials have been determined by LeBail method. The volume of
unit cell has been calculated from the lattice constants. It is found that the volume of
crystal is closely relating to the number of carbon atoms in fullerene cage. The fact
suggests that metal-carbide encapsulation has easily been detected only from cell
volume. Furthermore, the possible isomers can be selected by the value of lattice
constants. We also found that our previous structural studies!”? of Sc3Csy and Sc,Cgs had
fallen into a local minimum, because Sc3Cgy and Sc,Cgs are metal-carbide endohedral
metallofullerene, (Sc3;C2)@Cso and (Sc2Cr)@Cs, from the volumes.

The powder structural studies of (Sc3Cr)@Cso and (Sc.Co)@Cs: using recent
SPring-8 powder data have been performed by the MEM/Rietveld method. The precise
structures including C, encapsulations and multiple disorders of metal atoms of them
have been determined in this study.

References:

1. Takata, M,, et al., Phys. Rev. Lett., 1999, 83, 2214-2217
2. Takata, M, et al., Phys. Rev. Lett.,
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Synthesis of LaNd@C;, and Fluorescence Measurement
of Nd-metallofullerenes

(ONaomi Murata, Takeshi Kodama, Yoko Miyake, Shinzo Suzuki,
Koichi Kikuchi, Yohji Achiba

Department of Chemistry, Tokyo Metropolitan University, Hachioji, 192-0397, Japan

Up to now, fluorescence from encapsulated Er’* has been observed for En@Cs; [1,2],
ErScsxlN@Cso (x=1-3) [3], and recently (Er,C;)@Cs> [4]. In contrast, no other
metallofullerenes show fluorescence from encaged metals. In the previous symposium, we
reported the synthesis and the UV-Vis-NIR absorption spectra of Nd,@C72 and Nd>Cgo [5]. In
the present work, we newly synthesized LaNd@Cr, and tried to measure fluorescence of
Nd>@Cr,, Nd,Cgp, and the mixture of MM'@Cr, M,M'=La,Nd) .

Soot containing La, Nd-metallofullerenes was produced by direct-current (60A) arc
discharge of La/Nd/C composite rods (La:Nd:C=1.5:1.5:97) under a 500 torr He atmosphere.
Both empty fullerenes and metallofullerenes were extracted from the raw soot by refluxing
with 1,2,4-trichlorobenzene for 8h. The mixture of MM'@C7, were separated by multi-step
high-performance liquid chromatography. As shown in Fig. 1, the mass spectrum of the
mixture was well reproduced by calculation when the mixing ratio of La,@Cr2, LaNd@Cr,
and Nd@Cr, is 1:3:1.5.

Nd;@Cr,, Nd,Cgp and the mixture of MM'@C7, were dissolved in a mixture of cis
and trans decalins (decahydro-naphtalene) and measured fluorescence with the excitation
wavelength of 633 nm. At room temperature, no fluorescence was observed for all the
samples. At 77 K, only the mixture of MM'@C7, showed the quite weak emission around
1100 nm. These results imply only LaNd@C7, show the fluorescence. To confirm it, we plan
to measure fluorescence by another excitation wavelength.

This study was partly supported by Industrial Technology Research Grant Program from New
Energy and Industrial Technology Development Organization (NEDO) of Japan.

............ T
50 1160 1170

140 1150 1160 H'Ao "

Mass / Charge (m / 2) Mass / Charge m / 2)
Fig. 1 Positive-ion mass spectrum of the MM'@C72 sample after HPLC separation:
(a) observed and (b) calculated isotropic distributions for MM'@Crs.
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Reactivity of La,@C,s toward 2-admantane-2,3-diazirine: structure
determination of monoadduct La,@C-s(Ad) ()

OBaopeng Cao,l Tsukasa Nakahodo,1 Takatsugu Wakahara,1 Takahiro*’l‘suchiya,1 Kaoru
Kobayashi,? Shigeru Nagase,” and Takeshi Akasaka'

! Center for Tsukuba Advanced Research Alliance, University of Tsukuba, Tsukuba
305-8577, Japan
’Department of theoretical Molecular Science, Institute for Molecular Science, Okazaki
444-8585, Japan

It is well known that the reactivities and electronic properties of an empty fullerene
could be modified upon incorporation of a metallic guest species, which awards plentiful,
various materials with novel properties and potential application perspectives associated
with the incarcerated metal.! Based on these modified reactivities, functionalization of
metallofullerenes could further afford some new derivatives that bear special functional
groups and present intriguing properties. A communication between the dynamic motion of
the two cerium atoms within Ce,@Csgo and exohedral groups, for example, is fulfilled
either by disylilation of this molecule with 1,1,22-tetrakis-(2,4,6-trimethylphenyl)
-1,2-disilirane or through [2+3] cyclo-addition of an N-trityloxazolidinone to it.> So far,
however, investigations on reactivities of metallofullerenes are focused on the most
abundant species, La@Cs,, La;@Cso, and MsN@Cso; rare attention has been given to those
with smaller cages because of their scarcity. Recently, benefiting from a newly developed
separation method, we have isolated a new metallofullerene, Lax@C7s, with enough
quantity for spectroscopic characterization.> UV-vis-NIR absorption and CV measurement
on La,@Cys have revealed that its electronic structure as well as chemical reactivity toward
di-silirane are quite varied from those of Cs;. The specifics that La,@Crs presents are not
limited on these — it is found that La,@Css is distinct from ScsN@Crs in electronic
structure though C NMR and theoretical approaches toward the structure determination
of La,@C7s and ScsN@Crs have disclosed that the two metallofullerenes not only possess
exactly the same Crs-cage but also bear an identical intramolecular electron transfer. All
these novelties that La,@Crs exhibits drive us toward an in-depth structural elucidation on
the location of the two encapsulated La-atoms. Functionalization of metallofullerene with a
diazirine has been demonstrated to be an efficient way for growth of a single crystal toward
a final solution of the metallofullerene’s structure.* Here we report the thermal and
photochemical reactivities of La,@C7s toward 2-admantane-2,3-diazirine. We found that
the thermal and photochemical reactivities of La,@Crs with this diazirine are quite
different — the thermal reaction yields many monoadduct-isomers without regioselectivity
whereas the photochemical one is regioselective and generates only two monoadducts with
a molar ratio of ~ 5:1. The major isomer obtained photochemically has been isolated and
characterized by mass, absorption, and NMR spectroscopic analyses.

1. Endofullerenes: A New Family of Carbon Clusters; Akasaka, T. & Nagase, S. Eds.,

Kluwer Acadimic: Dordrecht, 2002.

2. M. Yamada, T. Nakahodo, T. Akasaka et al. J. Am. Chem. Soc. ASAP (2005).

3. B. Cao, T. Wakahara, T. T. Akasaka, et al. J. Am. Chem. Soc. 126, 9164-9165(2004).

4. Y. liduka, T. Wakahara, T. Akasaka, et al. .J. Am. Chem. Soc. 127, 12500-12501(2005)
Correspondence  should addressed to: Prof. Takeshi Akasaka; E-mail:
akasaka@tara.tsukuba.ac.jp; Tel & Fax: 81-29-853-6409.
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Endohedral metallofullerenes have attracted considerable interest for their potential
applications as nano-scale electronic devices on the basis of their spherical structure with
unique properties.] La@Cs; has been recognized as a prototype of endohedral
metallofullerenes. An important aspect of the chemistry of La@Cs, is its reactivity towards
free radicals on a fullerene cage. P. J. Krusic et al. have first reported the radical reaction of
Ceo.2 In comparison of reactivity of Cep, La@Cs, shows higher reactivity owing to narrower
HOMO-LUMO gap than that of Cg.

| We report here the reaction of La@Cs, with benzyl radical to afford the corresponding
stable adducts (La@Cs,-CH,C¢Hs). Three isomers of La@Csg,-CH,CsHs were isolated from
the reaction mixture by HPLC. All of them are EPR inactive indicating their closed-shell
electronic structures. The 'H and *C NMR spectra show the peaks corresponded to the
introduced benzyl group. Cyclic and differential pulse voltammograms reveal their
characteristic redox potentials.

References

1. For a recent review, see: Endofullerenes: A New Family of Carbon Clusters; Akasaka, T.; Nagase, S., Eds;
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Structure and Properties of pure H,@Ceg
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A molecular surgery technique in fullerenes has successfully produced a sufficient
amount of a new hydrogen-molecule endohedral Cgp molecule [1] for studying solid
state properties. One of the important applications could be for survey of the mechanism
of superconductivity in Cg fullerides. In the course of the studied in 1990’s after the
discovery of superconductivity in alkali Cg fullerides, the superconductivity
mechanism of these family has been understood in the framework of phonon-mediated
BCS formalism and the superconducting critical temperature Tc has been predominantly
controlled by the density of state N(Efr) at the Fermi level. However, the phonons
importantly involved to make paired electrons are not confidentially discussed and the
answer to the question as to what kind of phonons, intra-phonons (molecular vibrations)
or inter-phonons (lattice phonons), make the greater coupling with conduction electrons
still remains to be answered. One of the good ideas will be to change the intra- and the
inter- phonons to a large extent without disturbing the
electronic states to a large extent. We have demonstrated
that a new Hy@Cq gives rise to a pronounced influence
on phonons in its solid states as well as T, of its
superconducting K3;H,@Cgo compound compared to that
in Cg [2]. This was in a similar tendency to that
reported for Ar@Ceo [3]. In this meeting, we present the

experiments of structure and properties performed using
newly prepared high purity Ho@Ceo.

[1] Koichi Komatsu, Michihisa Murata and Yasujiro Murata: Science, 307 (2005) 238-240
[2] Misaho Akada et. al., The 29™ Fullerene-Nanotubes General Symposium, 2-11 (2005)
[3] S. Ito, H. Takagi et al., The 27® Fullerene - Nanotubes General Symposium, 3-9 (2004)
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Structure of Fullerene Nanowhiskers (III)

OSatoru Tsuchida , Satoru Motohashi and Hironori Ogata
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3-7-2 Kajino cho, Koganei, Tokyo,184-8584.Japan

The crystal structure and the nature of the molecular motion in C7y nanowhisker(C7-NW)
were investigated by powder x-ray diffraction(XRD), solid-state °C cross-polarization magic
angle spinning (CP/MAS) NMR and wideline *C- or '"H-NMR techniques. The temperature
dependence of spin-lattice rtelaxation time(7;) are shown in Fig.1. The activation energy(E,)
of Cy molecules is evaluated to be 13.7 kJ/mol, which is slightly smaller than that of Cy
solid(E,=22kJ/mol). This fact suggests that C;p molecules in C7-NW are more loosely
packed than those in Cy solid. No clear evidence of first-order phase transition is observed
from 297 K to 170 K. Figure 2 shows wideline TH-NMR spectra of C70-NWs as a function of
temperature. Two peaks observed at 8 and 2 ppm at 283 K are attributed to the methane and
methyl group on the isopropyl alcohol, respectively. This fact shows that isopropyl alcohol
molecules are included in C7o-NW crystal. Detailed results on the XRD measurements and
BC-and 'H-NMR will be presented in the conference.

Figure 1. Figure 2. A
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Fig 1.(a) Temperature dependence of >C-T of C70-NWs..
Figure 2. Temperature dependence of wideline 'H-NMR spectrum for C7o-NW
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Synthesis and structural investigation of fulleroid nanowhiskers
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Since the discovery of Cgo nanowhisker [1], several kinds of nanowhiskers such as
Cr0, Ceol C(COOC,Hs),] et al. were fabricated by liquid-liquid interfacial precipitation
(LLIP) method [2,3]. In this study, we present the results of the synthesis and
structural investigation of several kinds of fulleroid nanowhiskers.

For synthesis of the fulleroid nanowhiskers, the saturated toluene solution of
4,4’ -dimethoxydiphenylfulleroid(Ce:(CeHsOCH;),) purified by HPLC was prepared and
pored into a glass bottle. Then isopropy! alcohol was added into the bottle to form a
liquid-liquid interface. The bottle was capped and kept in the refrigerator for 2 weeks at
5°C, under illumination of a fluorescent lamp. The particles precipitated from the
liquid-liquid interface were obtained. Fig.1 shows an optical microscope image of
obtained sample. Needle-like crystals (nanowhiskers) were observed.

To determine the crystal structure of the sample, powder x-ray diffraction
measurement were carried out using the synchrotron radiation source at BL-1B of the
KEK. Fig.2 shows the x-ray diffraction patterns of Cg1(CsH4sOCH3), nanowhisker at
room temperature. The profile of Cg;(CsH4OCH3), nanowhisker can be assigned to
monoclinic structure with a=14.16 A ,b=10.21 A ,c=14.00A , 8 =104.69°

Detailed results of the structure of Cg(CsHsOCH3), nanowhisker and the other
fulleroid nanowhiskers will be discussed at the meeting.
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Fig.1 Optical microscope image of Fig.2 X-ray diffraction profile for
Cs1(C¢H4OCH3), nanowhisker Ce1(CeH4OCH3), nanowhisker (A =1.04)
Reference
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Photo-carrier generation and its transport process
in pristine Cgy single crystals

ORyota Tanaka, Ikuko Akimoto and Ken-ichi Kan’no

Graduate School of Systems Engineering, Wakayama University

Aiming to understanding the whole relaxation processes following optical
excitation in Ceo crystals, we have investigated the carrier generation mechanism in
connection with the photoluminescence process. From past studies, it has become
clear that the carrier generation originates from thermal dissociation of Frenkel

1]

exciton'’, and luminescence from localized exciton is enhanced by capturing the

Frenkel exciton to the localized state?!. In the present report, to confirm
anti-correlation between the carrier generation and the luminescence process’®!, we
measured photocurrent and photoluminescence in one and the same crystal. The
photocurrent was measured by Time-of-Flight method, and the photoluminescence
through ITO electrodes and mica thin films was observed by a microspectroscopy
method.

In figure 1, temperature dependence of photocurrent and photoluminescence
intensities are shown by Arrhenius plot. In the range higher than 100K where the
photocurrent becomes observable, the luminescence originates from radiative decay
of localized exciton. The thermally activated behavior of the photocurrent exhibits
anti-correlation to quenching of the photoluminescence. This relation is interpreted
by that enhancement of carrier generation directly leads reduction of luminescence
intensity. They can fit with the same activation energy of 99meV by assuming
thermal activated population transfers from the Frenkel exciton (solid lines in Fig.1).
The estimated activation energy suggests that the localized state, which exist below
120meV from the Frenkel exciton state, doesn't contribute to the carrier generation.

On the other hand, obtained time response of Temperature (K)
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Fabrication and Electrical Properties of FET devices

Based on Cg Nano-Whiskers
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A new type of Cg needle, or “nano-whisker”, has been obtained by the liquid-liquid
interfacial precipitation (LLIP) method [1]. Typical Cgp nano-whiskers that we obtain by LLIP
are typically less than 0.3 pm in diameter and more than 50 pm in length (Fig. 1).In this work,
we have fabricated Cgonano-whisker based FETs (CeoNW-FETs) and have investigated their
electrical properties, as well as performing structural characterization by x-ray diffraction,
AFM, and transmission electron microscopy (TEM).

For fabricating the C¢o NW-FET device structure in our study, we have used a Si wafer as
the substrate, with a thermally-grown SiO, insulating top layer. Ti/Au source and drain
electrodes were fabricated on the surface of SiO, layer. Roughly fifty Cgy nano-whiskers or a
Ceo nano-whisker were then used to bridge the electrodes and the fabricated device was
annealed at 440 K under 1x 107 Torr for about 24 hours.

Transistors curves for the C¢o NW-FET are shown at various gate voltages in Fig. 2. From
this data, we conclude that the C¢o NW-FET is of n-channel enhancement-type FET, and
according to standard FET theory, the carrier mobility of this C¢o NW-FET can be roughly
estimated to be 2 X 102 cm? V™'s™ under vacuum conditions at room temperature. The details
of the electrical properties and structural characterization will be shown at the symposium.
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Fig. 1, SEM image showing typical Ceo NW Fig. 2, Transistors curves for the Ceo NW-FET
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Deposition of platinum nano-particles on carbon nanohorn particles
by electrochemistry and their magnetism
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Deposition of Pt-nanoparticles on the nanohorn-aggregates was carried out by the
electrochemistry. Samples were prepared by the following way: First, we dropped acetone
liquid onto the nanohorn-aggregates and made nanohorn-paste. Then we patched this
nanohorn-paste onto the Pt mesh as an electrode and dried the acetone. This nanohorn
patched Pt mesh was soaked in the aqueous solution of H,PtClg * 6H,0 (0.0023 atomic %) and
the voltage of —1.4 V was applied to the electrode. Figure la is the electron micrograph
taken for the sample with the electrochemistry duration of 5 hours. Figure 1b is the size
distribution of the Pt-nanoparticles attached on the nanohoms. From this figure, we can find
the mean size of the particle is ~6.2 nm with FWHM of ~5.0 nm. According to the
experiment of the reaction time dependence on the particle size, it was found that the mean
size of the particles is increased with increasing the reaction time, but the number of particles
on each nanohorn did not change remarkably.

Magnetism of Pt deposited nanohorn particles was also measured by SQUID susceptometer.
Figure 2 shows the results of the temperature dependent magnetism. In this figure, we can
see the magnetism associated with the Curie spin for the sample of pristine nanohorn particles
and the magnitude of this Curie tail was decreased as the reaction time increased. This
experimental fact clearly indicates that the spin concentration of nanohorns is decreased by
the reaction, which may indicate that the Pt-nanoparticles can be attached on the site where
the radical spin exists. Detail of the analyses will be presented in the poster.
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Fig.l. Electron micrograph and size distribution of
Pt-nanoparicles. TEM image from the sample with the
electrochemistry duration of 5 hours is shown in (a). Black
small particles attached on the nanohorns are Pt nanoparticles
and thier size distribution is in (b).

Fig. 2. Temperature dependences of magnetic
susceptibility for pristine (lower panel) and Pt-diposited
(upper panel) nanohorns.
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Simulation of high-energy ion/atom impact on nano-carbons:
Electronic shake up and structural change
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We are exploring feasibility of structural modification of nano-carbons by irradiations
of ions. For achieving well-designed structures, precise understanding of the atomic
scale dynamics and tuning of irradiation-condition are highly demanded.

In most cases of experiment, irradiation is performed with kinetic energy in the order
of KeV or 100 eV. In such energy region, an irradiated ion is expected not only to hit
‘atoms but also to shake up electronic system. In cases where a high-energy H atom
passes through or runs parallel to a graphene sheet, we have found significant stopping
effect on the H atom due to ‘shake-up’ effect in electronic systems. This ‘shake-up’ can
be monitored by the time-dependent density functional theory (TDDFT) approach [1]
coupled with molecular dynamics (MD) simulation with use of computer code FPSEID
(First-Principles Simulation tool for Electron Ion Dynamics) [2]. Meanwhile,
conventional ab-initio MD method based on the static electronic-structure calculation
cannot reproduce such ‘shake-up’ effect, and thus is not suitable for simulating the
high-energy collisions.

Furthermore, we will discuss whether such ‘shake-up’ effect in electronic system is
also the case in lower energy H-collision on graphene sheets and thin-nanotubes.

This work is supported by NAREGI Nanoscience Project, Ministry of Education,
Culture, Sports, Science and Technology, Japan.
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Double-walled carbon nanotubes (DWNT) can be considered as a blend structure of
single-walled (SWNT) and muiti-walled carbon nanotube (MWNT) in that they possess the
electrical and thermal stability of MWNTSs but also the flexibility of SWNTs. The superior
physical characteristics and field emission properties of DWNTs are expected to open exciting
opportunities for applications such as field emission displays and super-tough fibers.

The use and availability of DWNTs have been significantly limited because of the lack of
techniques and knowledge that could realize selective growth. In addition, the low efficiency
of DWNT synthesis has limited not only the availability of DWNTs but also the purity of the
as-grown material, necessitating chemical purification to remove impurities.

In this presentation, we will show how one can tailor the catalysts to achieve high and
maximized selective growth of DWNTs. First, a phase diagram of the relative population of
SWNT, DWNT, and MWNT vs. the tube diameter grown from Fe thin films as a catalyst was
constructed from hundreds of TEM images. Second, we found that the average tube diameter
is roughly proportional to the thickness of the Fe thin film catalyst. Combined with the phase
diagram, we arrive at a direct way to engineer the relative proportion of SWNTs, DWNTs, and
MWNTs by tailoring the catalyst thickness. More importantly, we can find exactly the
optimum catalyst thickness to maximize the proportion of DWNTs. Our best result is 85%
DWNTs in the as-grown material, representing one of the highest, if not the highest, reported
selectivity towards DWNT synthesis. Furthermore, our ability to tailor the catalyst for
selective growth of DWNTs when combined with water-assisted synthesis (super-growth [1])
we can synthesize DWNTs materials that possess fascinating characteristics, such as
impurity-free vertically-aligned forests on the millimeter scale that can be patterned into
macroscopic organized structures. We believe our results represent a significant step forward
in the DWNT field concurrently addressing critical issues, such as engineered selectivity,
highly efficient growth, impurity-free material, and the realization of organized macroscopic
structures. Furthermore, we anticipate that our current work will stimulate further efforts to
deepen our understanding regarding this unique material.

[1] K. Hata, D. N. Futaba, K. Mizuno, T. Namai, M. Yumura, S. lijima, Science, 306, 1362 (2004).
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Influence of Co/Mo Ratio on Synthesis of Single-Walled Carbon
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Co and Mo are often used as catalysts for the catalytic chemical vapor
deposition (CCVD) synthesis of single-walled carbon nanotubes (SWNTs) on a
substrate. 'We succeeded in synthesizing random, vertical and parallel aligned SWNTs
on Co and Mo dip-coated quartz substrates from carbon monoxide (COCCVD) in 2004.
But we need more detailed knowledge concerning the influence of the Co/Mo ratio on
the SWNT synthesis for mass production and application to optical or electronic devices.
In this study, it was evaluated by the combinatorial method [1], using a library (silicon
substrate with oxide layer) of sputter-deposited Co and Mo patterns.

COCCVD was done at 800°C at 1atm using hydrogen / carbon monoxide (500 /
500 sccm) with the library and restricted SWNT formation region was confirmed by
HRSEM observation and micro Raman spectroscopic analysis (Fig.1). For the
comparison CCVD from ethanol (ACCVD) was done at 800°C at 12 torr. It resulted
that the Co/Mo ratio for SWNT formation was large in the order of COCCVD, ACCVD
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The purification of double wall carbon nanotubes (DWNTs) has revealed the
importance of layer interaction and potential of DWNTs for various applications [1].
The purification with high temperature air oxidation, however, has difficulties on yields
and selectivity. Recently, we have improved the method with a dispersion technique to
achieve higher selectivity and yield [2]. Here, we have clarified the dispersion effect
and achieved higher yield with H,O, for low temperature mild oxidation.

DWNTs synthesized by the pulsed arc discharge method [1] were dispersed into
sodium dodecyl sulfate (SDS) solution by sonication. The solution was mixed with
excess of fumed silica and was dried to powder. This powder was refluxed at 120 °C in
H,0, for a day to remove SWNTs. The purified DWNTs were obtained from the
powder after elimination of metal particles with HCI and of silica with saturated NaOH
solution. The same procedure without dispersion was carried out with as grown crude
samples.

Figure 1 shows the Raman spectra of the Excited : 633 nm
samples purified with dispersion (bold) and
without dispersion (dash). The relative intensity
between the peak around 150-170 cm™ of
SWNTs and that at 214 cm” of DWNTs is :
clearly enhanced by dispersion. These results H
are confirmed with TEM observation. Thin /\fl gf)t d
bundles are dominant in the dispersed sample / bierf_j
V\{hile thick ones are in the nqn—dispersed sarpple. 1'0 5 750 00 750 300
Figure 2 shows a TEM image of purified i
DWNTs with dispersion and reflux with H,O, at ) Raman Shift / em-1
120 °C for 3 days. The purity is about 95 % Fig.1 RBM of purified soot
and yields are enhanced by several times
compared to that of air oxidation. These results
clearly show that the dispersion is the key
process to purify DWNTs and that reflux in
H,0, is effective to purify DWNTs as well as
SWNTs, which has been commonly used.

DWNTs

P Dispersed

Intensity / a.u.

[1] T. Sugai et al., Nano Lett. (Comm.), 3, 769 (2003)

[2] T. Sugai et al., 29" F&NT symposium, 3-5 (2005)

Corresponding Author : Hisanori Shinohara v

E-mail : noris@cc.nagoya-u.ac.jp . .

Tel : 052-789-2482 Fax : 052-789-1169 Fig.2 TEM image of DWNTs
purified by dispersion method
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Synthesis of single-wall carbon nanotubes by alcohol CCVD methods
using mesoporous silica with different pore size
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184-8584, Japan

The alcohol catalyst chemical vapor deposition(ACCVD) method have been
reported as one of the simplest synthesis methods of single-walled carbon
nanotubes (SWNTs)[1]. Many of the support materials to synthesize SWNTs
reported are zeolite. It is well known that MCM-41 have a regular mesopore
system, in which the pore diameter is controlled systematically between 2-10 nm.
We report here the synthesis of SWNTs by ACCVD methods with metal catalysts
supported with high temperature stable mesoporous silica by surfactant-directed
sol-gel method [2] to clarify the relation between pore size and the diameter of the
resultant SWNTs obtained. The obtained samples were analyzed by using
transmission electron microscopy (TEM).

Figure 1 shows the TEM image of the
sample with Fe/Co catalysts with
mesoporous silica (surfactant:
C16TMABY, pore size:3 nm) with the
reaction temperature at 800°C.
Bundles of SWNTs are observed.
Average diameter of SWNTs is
evaluated to be about 1nm. However,
SWNTs of a diameter of 2.8nm are also
observed.

Detailed results using another
mesoporous silica with different pore
size will be presented.

Fig.1 TEM image of SWNTs(C1sTMABr)
[1] S Maruyama, R. Kojima, Y.miyauchi, S.Chiashi,M.Kohno,Chem.Phys.Lett..360,229(2002)

[2] M.Griin , Klaus.K.Unger , A. Matsumoto , K.Tsutsumi , Micro.Meso.Mater..27,207(1999)
Corresponding Auther Hironori Ogata Email hogata@k.hosei.ac.jp  Tel: 042-387-6172
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Dispersion and Separation of Small Diameter Single-Walled Carbon
Nanotubes
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. Single-walled carbon nanotubes (SWNTs) have excellent mechanical and electrical
properties that have led to the proposal of many potential applications. However,
SWNTs are typically grown as the bundles of metallic and semiconducting tubes and
this hinders their widespread applications. Since there is no method for selective
preparation of metallic and semiconducting SWNTs, it is technologically critical to
separate SWNTs based on electrical properties.

Recently, an effective exfoliation method of SWNTSs in organic solvents with amine as
a dispersion reagents [1] and a convenient amine-assisted separation method for SWNTs
that makes metallic SWNTs remarkably enriched in a simple way [2] have been
developed. We herein report the dispersion and separation of small diameter SWNTs by
amine-assisted method.

A typical dispersion procedure is as follows: 1mg of AP-SWNTs (CoMoCAT) were
added to 10 mL of a 1.0 M tetrahydrofuran (THF) solution of amine and then sonicated
followed by centrifugation to remove non-dispersible SWNTs. This dispersion and
centrifugation process is useful for separation of small diameter SWNTs by means of
Vis-NIR, photoluminescence, and Raman spectroscopy.

[1] Maeda, Y. et al., J. Phys. Chem. B 2004, 108, 18395.
[2]1 Maeda, Y. et al., J. Am. Chem. Soc. 2005, 127, 10287.

Corresponding Author: Takeshi Akasaka
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Synthesis and characterization of single-walled carbon nanotubes by
catalytic decomposition of alcohol

Yanli Zhaol’z, Kazuyuki Sekol, Kensuke Okumura' and Yahachi Saito’
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To produce high quality single-walled carbon nanotubes (SWNTs) with chemical vapor
deposition (CVD) synthesis approach, choice of alcohol over other hydrocarbons is important
due to its low cost, high purity and high efficiency, even at low temperatures [1]. In our
alcohol CVD experiments, Co and Mo bimetallic catalysts with and without Al underlayer are
prepared by vacuum deposition. Three kinds of catalysts/substrates i.e., (1) Si/SiO; (100
nm)/Co (1 nm)/Mo (1 nm), (2) Si/Al (10 nm)/SiO, (100 nm)/Co (1 nm)/Mo (1 nm), and (3)
Si/810, (100 nm)/Co (2 nm)/Mo (1 nm) were examined. Figures 1 (a)-(c) show SEM images
after CVD process (alcohol pressure 10 Torr, temperature 750 °C, and duration 60 min) for
above substrates, respectively. Comparison between Fig. la and Fig. 1b reveals that the
introduction of Al increases SWNTs’ yield. In Fig. 1c, where Co thickness is twice as that
of substrate (1), the yield of SWNTs is reduced. This reduction maybe is due to the large
size of catalysts. Atomic force microscope (AFM) images of the substrates (1) and (2) heated
at 750 °C in vacuum before CVD are shown respectively in Figs. 2a and 2b, in which
different particle sizes are observed. We think the observed large particle size in Fig. 2b is
from Al particle aggregation. When the substrate are heated to high temperature, the Al layer
melts and forms droplets which absorb from the SiO; layer and oxidize quickly to form
thermally stable Al,O;3 clusters. These in turn provide the support for the formation of
catalysts nano-particles and promote SWNTs growth [2]. Raman spectra are also measured
and SWNTs are identified from their RBM peaks, with diameters changing from 1.20-1.30
nm, which is consistent with TEM characterizations.

Fig. 1 a-c Fig.2 a—b
Scan bar is 500 nm Images size: 1 um X1 pm

[1] Shigeo Maruyama et al., Chem. Phys. Lett. 360 (2002) 229. [2] Ruth Y. Zhang et al., Nano Lett. 3 (2003) 731
Corresponding Author: Yanli Zhao, Yahachi Saito
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Supported Ni catalysts of nominal submonolayers grew single-walled
carbon nanotubes.
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Fe, Co, and Ni is known catalytically effective to grow carbon nanotubes
(CNTs). However, when Ni is supported on substrates, it comes to yield just
multi-walled CNTs (MWNTs) but not single-walled CNTs (SWNTs). This characteristic
may be understood when we consider the possible surface diffusion of metals at the
elevated temperatures of chemical vapor deposition (CVD). Over oxide surfaces such as
Si0,, which are often used as supports for these metals, oxidative interaction dominates
the metal/support interaction, which affects island structures and surface diffusion of
metals [1]. Because Ni has the smallest heat of oxidation among these metals, it can
easily diffuse over oxide surfaces at the CVD temperatures, and possibly results into
particles too large to grow SWNTs.

If the amount of Ni is limited to 1 nm> per the area of surface diffusion, it
should spontaneously form 1-nm-sized particles. By using our combinatorial method [2],
we prepared a thickness profile of Ni on a SiO,/Si or SiO; wafer and carried out alcohol
catalytic CVD (ACCVD, [3]) at 800 °C. Micro-Raman spectra as well as filed-emission
scanning electron microscope (FE-SEM) images showed the formation of SWNTs and

nominal submonolayers was optimal to grow SWNTs.

[11 M. Hu, S. Noda, and H. Komiyama, Surf. Sci. §13, 530 (2002).

[2] S. Noda, Y. Tsuji, Y. Murakami, and S. Maruyama, Appl. Phys. Lett. 86, 173106 (2005).

{31 S. Maruyama, R. Kojima, Y. Miyauchi, S. Chiashi, and M. Kohno, Chem. Phys. Lett. 360, 229 (2002).
Corresponding Author: Suguru Noda
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Preparation of Single-Wall Carbon Nanotubes with
Rh/Pd -Carbon Composite Rods in Nitrogen Atmosphere
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The diameter distribution of single-wall carbon nanotubes (SWNTs) prepared by laser
vaporization technique strongly depends on the kind of metal catalyst and the ambient
temperature. A characteristic example is, those prepared with Rh/Pd-carbon composite rods in
Ar gas atmosphere at lower ambient temperature (1200°C or less) [1]. They show the smaller
diameter distribution (less than 1 nm), almost comparable to that of Ce or other higher
fullerenes. On the other hand, the yield of SWNTs prepared by laser vaporization in nitrogen
gas atmosphere becomes higher than those prepared in Ar gas atmosphere [2]. It is interesting
to see whether the diameter distribution of SWNTs and/or the yields of co-prepared empty
higher fullerenes become different from those obtained in Ar gas atmosphere.

In this presentation, Rh/Pd(1.2/1.2atom%)-carbon

composite rods were used for the preparation of § | Rh/Pd 1.2/1.2 atom% i
. . . o N, 750 torr, 1150°C

SWNTs by applying laser furnace technique in &
nitrogen gas atmosphere. Fig. 1 shows a Raman 2
spectrum of the raw soot prepared at 1150°C in 750 g
torr nitrogen gas atmosphere. The figure indicates g
that there exist SWNTs having several different g

diameters, including larger ones (more than 1nm). e

. . 100 150 200 250 300 350 400 450 500

The analysis of empty higher fullerenes co-prepared Raman Shift / cm™!
with SWNTs is also presented and used for further )

. . Figure 1.
discussion.

This study was partly supported by Industrial Technology Research Grant Program from
New Energy and Industrial Technology Development Organization (NEDO) of JAPAN, and
the Grants-in-Aid for Scientific Research (B) (No.16351104) from MEXT.

References:

[1] H. Kataura et al., Carbon., 38, 1691-1697(2000). [2] D Nishide et al., Chem. Phys. Lett.,
309, 392(2004).
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Role of Bimetallic Catalysts for Growth of Single-Walled
Carbon Nanotubes
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To obtain single-walled carbon nanotubes (SWNTSs) with controlled chirality is of much
importance to realize electronic devices based on them. In the case of chemical vapor
deposition (CVD), the size of catalytic particle is an important factor in controlling the
diameter of SWNTs [1]. Earlier reports claimed that bimetallic catalysts like Co-Fe [2] and
Co-Mo [3] tended to form small particles similar to the diameter of SWNTs in comparison
with single element catalysts.

. We focused on the role of bimetallic catalytic particles after reduction in CVD process.
Transmission electron microscopy observations were performed to compare the particles
sizes formed by bimetallic catalysts Co-Fe with these by single elemental catalysts Co or Fe
on Si/SiO, substrates and SiO, powders. The
figure shows the size distributions of catalytic
particles. We confirmed that bimetallic Co-Fe
catalysts system tended to form smaller particles
than single elements (Co) catalysts. In addition,
after CVD process, the quantity of SWNTs was
lager using the bimetallic system. In the case of
the growth of SWNTSs on Si/SiO, substrates using
Co-Fe catalysts, thin layer formed by Fe between
small Co particles and SiO, after reduction. We
propose a model as follows: Fe particles diffuse

Figure: Size distributions of bimetallic
Co-Fe and single element (Co) catalysts

on SiO2 powder after reduction.
into SiO, layer and forme the layer contained Fe.

The layer prevented Co from aggregating into large particles and from alloying Co silicide
which is inactive as a catalysts.

[1] T. Saito, et al., J. Phys. Chem. B, 109, 10647 (2005)

[2] P. Coquay, et al., J. Phys. Chem. B, 109, 17813 (2005)

[3] Y. Murakami, et al., Jpn. J. Appl. Phys. 43, 1221 (2004)
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Formation process of carbon nanecap from SiC(0001) surface

through thermal decomposition
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Aligned zigzag-type carbon nanotubes (CNTs) with fairly uniform tube diameters
can be selectively produced only by heating SiC(0001) at sufficient high temperature in a
vacuum. Although nanosized cap structures are observed at the initial stage of CNT growth, a
detailed process of the carbon nanocap formation has not yet been clarified. In this study, we
investigated the decomposition of 6H-SiC(0001) surface and the formation process of carbon
nanocap during heating using ultrahigh vacuum scanning tunneling microscopy (UHV-STM)
and X-ray photoelectron spectroscopy (XPS). _

After being etched with hydrofluoric acid (10%), 6H-SiC(0001) samples were
annealed in UHV. The annealing temperature was increased from 400 to 1250°C in
increments of 50°C. During heating, the chamber pressure was kept below 1X 10°Pa. After
STM observation, XPS measurements were performed to investigate the surface composition.

Si 2p and C 1s XPS spectra for SiC(0001) after heating at 1000°C showed that both
evaporation of residual oxides and decomposition of the SiC surface occur below 1000°C, in
contrast to the case of heating in a vacuum electric furnace [1]. Figure 1 show topographical
STM images of SiC(0001) after heating at 1100, 1150 and 1200°C SiC(0001). These results
show that carbon nanocaps were formed by coalescence of the amorphous carbon
nanoparticles in the clusters, followed by crystallization.

[1] T. Maruyama et al. The 29™ Fullerene & Nanotube General Symposium, 2P-21 (2005).

o
I—

(a) 1100°C (b) 1150°C (c) 1200°C
Fig. 1
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Encapsulating p-nitroaniline into Single-Walled Carbon Nanotube
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Single-walled carbon nanotube (SWNT) can encapsulate various organic molecules.
However, these small molecules are not stable inside of SWNTSs, because small molecules are

easy to go out from SWNTs by heat treatment in vacuum followed by solvent treatment.

So

small molecules encapsulated in SWNTSs have difficulties for practical applications as it is.
Since Cg takes relatively stable state in the SWNT, we propose to use Cep as a “cap” for
nanotubes in which small unstable molecules are encapsulated. The Cgp behaves as sealing

cap of small molecules in SWNTs. In the
cleaning process such as heating in vacuum
and solvent treatment, encapsulated small
molecules won’t go out from SWNTs.

We used p-nitroaniline (PNA), which is
small in size and have strong Raman signal,
Fig.1 shows Raman
spectra of PNA encapsulated SWNTs using
Ceo (PNA-Cso@SWNTs) and without using
Ceo (PNA@SWNTs). After encapsulation,
these samples are washed to remove outer
molecules of SWNTs. Only spectrum of
PNA-Ceo@SWNTs, PNA peak is observed.

as the target molecules.

Corresponding Author: Yuika Saito
E-mail: yuika@riken.jp
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Fig.1 Comparison of Raman spectra of PNA

encapsulated SWNTs.
Excitation: 488nm, exposure time: 1000sec.
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Formation of n-type double-walled carbon nanotubes by a Cs-plasma
irradiation method
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In recent years, carbon nanotubes field-effect transistors (FETs) are intensively
investigated in both experiments and theory. However, the current research on carbon
nanotubes FETs is mainly focused on the single-walled carbon nanotubes (SWNTs) and
multi-walled carbon nanotubes (MWNTSs). In contrast, electronic transport properties of
double-walled carbon nanotubes (DWNTs) have rarely been studied due to difficulties in
yielding them with high purity [1]. As an intermediate between MWNTs and SWNTs,
DWNTs have attracted much attention of numerous scientists during the past several years
because it is believed that DWNTSs have novel structural, mechanical and electronic properties
when compared to those of SWNTs and MWNTs. In this sense, DWNTs may provide an ideal
carbon nanotubes system for fabricating novel molecular devices. Nevertheless, it remains an
open question as to what the characteristics of DWNTs-based FETs may be in detail and how
to improve their electronic properties until now. In this regard, much more work is still needed
to systematically investigate the transport properties of DWNTs.

~ In this work, functional DWNTSs with n-type semiconducting behavior are created by Cs
encapsulation via a plasma irradiation method [2]. The structure and morphologies of
Cs-encapsulated DWNTs are confirmed by several technologies which include HRTEM, EDX,
and Raman Spectrum analyses. Figure 1 gives a TEM image of the Cs-encapsulated DWNT.
Electronic properties of DWNT-FET indicate pristine DWNTSs are found to exhibit both p-
and n-type semiconducting behavior, and typically show a lower conductance in n-channel
than in the p-channel. For comparison, an interesting conversion from ambipolar to high
performance n-type semiconducting behavior is found for Cs-encapsulated DWNTs-based
FET devices. Figure 2 depicts a current versus voltage (Ips-V5) characteristic of the n-type
Cs-encapsulated DWNT-FET.

40 20 20 40

0
V,(V)
Fig. 1. A TEM image of Cs-encapsulated DWNT  Fig. 2. A Ips-¥; curve for n-type Cs-encapsulated DWNTs

[1] T. Shimada et al., Appl. Phys. Lett. 84, 2412 (2004).

[2] Y. F. Li et al., Abstract of 29® Fullerene General Symposium, 2P-27 (2005).
Corresponding Author: Yongfeng Li, E-mail: yfli@plasma.ecei.tohoku.ac.jp
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-127 -



2P-32

Magnetic Analysis of Nano-peapods by Soft X-ray Magnetic Circular
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Nano-peapods have attracted wide scientific attention owing to their unusual structural
and electric properties, as well as commercial interests due to their potential applications in
field effect transistors.'!  One of the most interesting aspects of nano-peapods is that they
possess one-dimensional crystalline arrays of endohedral metallofullerenes in carbon
nanotubes. Intermolecular distances of encapsulated endohedral metallofullerenes are much
shorter than that of bulk crystals, and this affects magnetic properties greatly. However, the
investigation of magnetic properties of encapsulated metallofullerenes is very difficult due to
ferromagnetic impurities such as Co and Ni particles, which are used as carbon nanotube
synthesis catalyst. ~Here we report element specific magnetization of encapsulated
endohedral metallofullerenes by using soft x-ray magnetic circular dichroism at SPring-8
BL25SU. A high brilliance synchrotron soft x-ray radiation source enables us to obtain MCD
signals from very small amounts of samples (several s5x0°
micrograms).

Figurel shows synchrotron powder X-ray s
diffraction patterns of empty single-walled carbon
nanotubes and Gd@Cs, nano-peapods. Observed
reduction of (10) peak intensity represents that
Gd@Cs, molecules are encapsulated in SWNT in
high-yield. New diffraction peak, which is marked
by an arrow in Figl, represents intermolecular
distances of Gd@Cs, in SWNT. The obtained
intermolecular distance is 10.5 A, which is much “ .
shorter than that of bulk Gd@Cs, crystal. MCD 20 Zth:md‘:m: wo®
spectrum measured in a magnetic field 2.0 T in the  Figurel. Powder x-ray diffraction patterns of
high-temperature range (50 > T > 13 K) revealed
that magnetization of Gd ions follows the Curie law
and suggesting the presence of ferromagnetic
interactions between the Gd atoms.
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Gd@Cg, peapod (upper pattern) and empty
SWNT.

[1] T. Shimada, T. Okazaki, R. Taniguchi, T. Sugai, H. Shinohara, et al, App. Phys. Lett., 81, 4067 (2002).
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Abstract: When we measure TGA of as-grown nanohorn (made by laser ablation),
there are 2 major components that have peaks of differential curve at about 900 K and
1,100K. The lower temperature component indicates nanohorns, and higher one
indicates GG (Giant-Graphitic) balls. GG balls are impurities and are made in the
process of production of nanohorn. In products, 10-20 % of GG balls are contained.

After following procedure: ultrasonic dispersion in ethanol, centrifugal separation, and
drying treatment by rotary evaporator, we did TGA measurement both the supernatant
and the precipitation.

If we directly measured TGA after dipped into ethanol, both of the peaks were shifted
lower (than as-grown) by 50-150 K. The shift would be caused by the effect of ethanol.
If we cure the effect of ethanol, we should conduct a treatment in Hj at 1473 K for 1
hour. Then only the component of nanohorns was remained in the supernatant. Although
both components of nanohorns and GG balls appeared in the precipitation, the relative
ratio of nanohorns and GG balls was changed to 2: 8. Therefore, it was found that the
separation of nanohorns and GG balls can be achieved by the combination processes of

ultrasonic dispersion and centrifugal separation.

When we want to separate nanohorns and GG balls more easily, centrifugal separation is
not necessary. After ultrasonic dispersion, solution must be left at rest more than 12
hours. GG balls are settled down by gravitational sedimentation, then supernatant,
which consists of almost nanohorn only, can be sucked up carefully using pipette.
Purity of nanohorn in the suspension is in excess of 99 weight percent. This way of

separation is very easy to yield high purity nanohorns.
Corresponding Author Goshu TAMURA
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Carbon nanohorn (CNH) is considered to be a candidate of conductive support of
metanl catalyst particle for the electrode of direct methanol fuel cell (DMFC)!'). CNH can be
synthesized by not only laser ablation method®! but also anodic arc discharge method®!. In the
case of anodic arc discharge method, CNH can be found in the arc-soot evaporated from
anode and deposited on the apparatus wall or caught in ambient media like water, when the
arc in operated at around atmospheric pressure with nitrogen dominant ambient. However,
there is usually coexistence of non-CNH particle in the arc-soot. Moreover, non-dahlia-like
CNH may not more suitable for the support than dahlia-like CNH.

In the present study, in order to investigate the
influence of co-product in the arc-soot on dispersion
of catalyst particle, the arc-soot was separated into
larger  graphitic  macro-particle and smaller
nano-particles. Pr-Ru particle was dispersed on three
types of arc-soot: as-prepared arc-soot, graphitic
macro-particle, and nano-particle. From TEM

observation and simple test of reaction activity with

methanol, it was found that the as-prepared arc-soot

was most preferable. Figure 1 shows the as-prepared
Fig.1 TEM micrograph of as-prepared

arc-soot with Pt-Ru dispersion. .
P arc-soot with Pt-Ru dispersion.

[1] T. Yoshitake, et al.: Physica B., 323, 1627 (2002)

[2] S.Lijima, et al.: Chem. Phys. Lett., 309, 165 (1999)
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Stability of Field Emission Current from a Carbon Nanotube
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The stability of field emission from carbon nanotubes
(CNTs) is very important for application of CNTs to electron
emitters of field emission display (FED). In order to clarify
the main reasons resulting in the instability of electron
emission, the field-emission properties of a single CNT have
been investigated by using a field emission microscope
(FEM)[1]. We report the current fluctuation for individual
double-wall carbon nanotubes (DWNTs), which exhibits
excellent properties as field emitters.

Figure 1 shows the temporal current fluctuations for a
DWNT at several fixed voltages in a vacuum of 107 Pa. The
average current fluctuations (standard deviation) for an hour
under the emission levels of 10, 107, 108, 10° and 10™° A
are approximately 7.2%, 26.3%, 0.7%, 1.5% and 1.7%,
respectively. It is observed that the emission current
becomes unstable when the emission level is increased from
10%t0 107 A. Although the reasons for this phenomenon,
including the thermal noises, thermoelectric effect, are
complicated and are needed to be further investigated, the
result itself indicates that the average emission current for
an individual CNT in emitter arrays for an FED should be
designed to be less than 107 A.

Besides the emission level, the pressure and the kinds of
residual gases are considered to be the main factors affecting
the stability of field emission. Fig.2 (a) and (b) show the
current fluctuation at the level of 10° A measured at the
pressures form 107 to 10™* Pa, respectively, by introducing
N, with or without an amount of H,O. It is found that the
current fluctuation increases largely when the pressure
increases from 10™ to 10 Pa because of the obvious effect
of adsorption and desorption of the gas molecules.
Compared with that without introducing H,O, the field
emission in the case of introducing H,O is relatively
unstable, suggesting that H,O has a larger effect than N, [2]
and should be removed in the process of FED fabrication.
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Conductance of telescoped double-wall armchair nanotube

Ryo Tamura

Abstract:

The conductance of telescoped double-wall nanotubes (TDWNTs) composed of two
armchair nanotubes ((n,,n,) and (n,—5,n,—5) with n, >10) is calculated using
the Landauer formula and a tight binding model. The results are in good agreement with
the conductance calculated analytically by replacing each single-wall nanotube with a

ladder, as expressed by (2¢*/h)(T. +T.), where T, (T.)is the transmission rate of the

pseudo symmetry (pseudo anti-symmetry) channel. Interlayer hopping of the -
channel in the ladder model explains two key results: the low value of 7~ for TDWNTSs

except when n, =10, and the particularly low value of 7 when either n, or
n, —5 is a multiple of three. In the latter case, 7 becomes zero when the saturation
of the number of interlayer bonds per atom is neglected.

(Figure caption) AO represents the relative rotation angle with respect to common tube
axis, while (L-0.5)a+Az is the overlap length between the two armchair NTs with
lattice constant a ~0.25 nm..
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Direct Observation of Inter-layer Interaction of
Double-Walled Carbon Nanotubes by using UHV-STM
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Carbon nanotubes have attracted much attention by virtue of their one-dimensional
structure and of unique electronic properties. STM (Scanning Tunneling Microscopy) is a
powerful tool of analyzing surface electronic states of atoms, molecules and nano materials.
Direct observation of MWNTSs (multi-walled carbon nanotube) [1] and SWNTs (single-walled
carbon nanotube) [2,3] by STM reveals presence of the super-structure induced by
inter-layer interaction and the lattice images correspond to honeycombs structures,
respectively. However, DWNTs (double-walled carbon nanotubes) have not been reported as
high resolution surface images by STM. Recently, the development of CNTs synthesis
enables us to prepare high-quality DWNTSs[4]. Here, we report the first observation of
super-structures and lattice images of DWNT by STM.

The DWNTs were prepared by the pulsed-arc discharging method and the remaining
SWNT was removed by thermal oxidation [4]. Clean surface of the Cu(111) was prepared by
repeated Ar- sputtering and annealing in a preparation chamber (PC) under UHV condition,
and was confirmed by STM observation. The Cu surface was then introduced into a load-lock
chamber kept at a 10°-Pa range vacuum. The DWNTs in a chloroform solution were
immediately pulse-injected onto the surface [5] in vacuum. The sample was transferred to PC
and was annealed at 700K to remove the residue solvents.

Figure 1 shows an STM image of a DWNT on the Cu surface after image processing to
enhance the contrast. Both a high resolution of lattice image (a white line for an example) and
a long periodic structure (white dots) are A
successfully observed. We have found that the
super-structure is caused by the interference
between the inner and outer tubes of the DWNT.
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Fig.1. STM image of DWNT
after contrast enhancement.
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Observation of Photoluminescence from Small-Diameter DWNTs
Synthesized by the Zeolite-CCVD Method
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Photoluminescence (PL) measurements are a powerful tool to characterize CNTs. It
is not easy, however, to measure PL from DWNTSs because of the difficulty to observe PL
peaks from SWNTs and DWNTs separately. We have reported PL from inner tubes of DWNTs
[1] by comparing the PL mappings of the samples obtained before and after concentrating
DWNTs by the oxidation method [2]. Here, we report the detailed changes of PL mappings
during the concentration process of DWNTSs by oxidation.

We have concentrated DWNTs from as-grown SWNTs samples containing small
amounts of DWNTs by oxidation and measured PL of the samples in the process of
concentrating DWNTs. In this work, we used sodium cholate solution for suspending both
SWNTs and DWNTs. The PL measurements were done on a Shimadzu NIR-PL system
(CNT-RF). PL signals from SWNTs were observed in the mapping of as-grown sample. The
PL peak distribution shifted to a thicker diameter region with increasing oxidation
temperature, since SWNTs with smaller
diameters are more active against
oxidation than thicker tubes. After
high-temperature oxidation, new peaks
appeared in the thinner diameter region.
These peaks stem from inner tubes of -
DWNTs, since the mean diameter of the
inner tubes of the present DWNTs was
much smaller than those of as-grown
SWNTs [1,3]. PL from SWNTs and inner
of DWNTs are observed separately as
shown in Figure 1. Further concentration
procedure provides PL peaks almost only
from inner tubes of DWNTs, whereas
the ones from SWNTs disappeared in
the PL mapping. sample during the concentration

process of DWNTs

Figure 1. A contour plot of PL spectrum of the
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Morphology effect of optical properties in single walled carbon
nanotubes detected by THz to Vis-polarized spectroscopy
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Recently, several techniques, which produce aligned SWNTs materials, provide the
opportunity to carry out polarized dependent spectroscopic studies and clarified the
intrinsic properties of one-dimensional tubular structures. However, these studies were
only limited to the region between NIR to UV. This is the first report to investigate the
polarization dependencies of the absorption spectra from THz- to mid-IR region and
carrier doped aligned SWNTs. Then we discuss the morphology effect of optical
properties in SWNTs by comparing the aligned films and unoriented films. To obtain
pristine (hole doped) samples, SWNTs were sonicated in toluene (F4TCNQ/Toluene) for
3 hours at room temperature, then the

suspension was mixed with the PE/Toluene ] L-SWNT

suspension at 160°C and stirred until solvent has
reduced completely. The obtained SWNT/PE
composite films were mechanically stretched at

elevated temperatures. The degree of SWNTs
alignment was determined by polarized Raman
spectroscopy and Maximum Entropy analysis
implies that 90% of SWNTs in the film are

Optical Density

aligned along the stretch direction, with a mosaic 0

angle of =+ 25° Figl. shows the highly | Povethylene |

anisotropic and insulator like behavior in the FIR 0-1.-." 'L s Wl... l M

region. In poster, we discuss the FIR peaks and 10 100 1000 10000

MIR structure , which appears only in unoriented Frequency (cm™)

films, with the object of SWNT’s morphology. Figl. Polarized absorption spectra of
aligned SWNTs in PE matrix.
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Exciton-photon matrix elements in single-wall carbon nanotubes
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Due to the rotational symmetry around a horizontal C, axis, which intersects the
center of two hexagons located at opposite sides of a carbon nanotube, and the translational
symmetry around the axis of the nanotube, the excitonic states [1-2] in a nanotube can be
classified into four kinds: A%, E and E’ states. Among them, A" state is a bright state, where
the optical transitions with light polarization along the tube axis are allowed. The other
states A", E and E" are dark states, where the optical transitions are forbidden.

A" states can be further classified into several serial states (energy subbands), which
correspond to E;j, E, Es3...transitions in the single-particle picture, and into s, p, d,...states
for each energy subband. Within a subband, the optical matrix element is largest for the first
state with the lowest energy. The diameter and chiral angle dependences of the matrix
elements for the lowest energy states, corresponding to E};, Ex, and E33 transitions are studied
and compared to those in the single-particle picture. The similarity between the results by the
two pictures is explained by the Fourier transform of the wave functions for these excitonic
states.

[1] Catalin D. Spataru, Sohrab Ismail-Beigi, Lorin X. Benedict, and Steven G. Louie, Phys. Rev. Lett., 92,
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Carbon nanotubes (CNTs) have attracted a great deal of interest and have been widely
studied in the both experimental and theoretical fields. Recently, the spin-valve effect due to
the misalignment of the magnetic moments of the two electrodes connecting the nanotubes
was reported.” This research may extend to a new conduction mechanism to evaluate the
potential of CNTs as nano-spintronics devices. The purpose of our study here is to investigate
the possibility of spin-polarized conducting CNT.

In this work, we considered several hydrogen atoms encapsulated into a finite-length
CNT (6,6) ¥ with an injected electron. This CNT is terminated by hydrogen atoms in each
end. It is expected that double-exchange mechanism? appears followed by high-spin
correlation among the electrons of encapsulated hydrogen atoms and those of CNT, resulting
in spin-polarized current on CNT. In particular, we focus on whether high-spin correlation of
the encapsulated hydrogen atoms is stable or not. In order to obtain the geometries and
electronic structures of these hydrogen atoms, the geometrical optimization was carried out
based on the ab initio self-consistent-field molecular orbital (SCF-MO) calculation (6-21G
basis set) using the Gaussian 03 program package.
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Abstract:

Isolated single-walled carbon nanotubes (SWCNTs) should have different physical
properties from bundled ones due to charge transfer and interlayer interactions. Actually,
many researchers have measured photoluminescence (PL) and resonance Raman spectra
(RRS) of individual single-walled carbon nanotubes (SWCNTS) to reveal the intrinsic
electronic structure of SWCNTs. Most of them have used HiPco dispersed in water with
surfactant [1,2]. However, the micelle-SWCNTs are not ideally isolated but are expected
interaction between SWCNTSs and surfactant. For that purpose, really isolated SWCNTs
are required.

We synthesize isolated SWCNTs suspended between nanoparticles in air by alcohol
catalytic chemical vapor deposition (ACCVD) technique [3] using porous magnesium
oxide (MgO) block. The sample showed very narrow RBM Raman lines and PL without
any treatment. In this presentation, we will discuss RRS and PL spectra of suspended
SWCNTs compared with the result of SDS-HiPco dispersed in water.
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Transistors Functionalized by Amine Molecules
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Single-walled carbon nanotubes (SWNTs) have attracted great attention as promising

candidates for nanoscale electronic devices. A pristine SWNT-field effect transistor
(FET) with ordinary metal electrodes normally exhibits only p-type transport behavior
in air. However, fabricating nanotube-based integrated circuits requires n-type
SWNT-FETs as well as p-type ones.
Amines are known to act as electron donors when they are coupled to other molecules.
In this study, we demonstrated the conversion of a SWNT-FET from p-type to n-type by
3-(anminopropyl)tricthoxysilane (APTES, NH,(CH,);Si(OEt);) treatment following
appropriate acid treatments. The acid treatments are crucial for covalent chemical bond
formation between the APTES and SWNTs.

The SWNT-FET with Auw/Ti electrodes was fabricated by the conventional
lithography technique. Figure 1 shows the drain current (Iz) versus gate voltage (Vi)
characteristics for the SWNT- FET in air before and after APTES treatment. The
SWNT-FET before APTES treatment exhibited p-type characteristics, as usual. On the
other hand, after APTES treatment, it exhibited n-type characteristics with normally-on.

‘ ‘ ' 7 The change of transport type is explained by
Wﬂqf- Ve =1V = Before | the donation of electrons from amine
After

\ molecules to the SWNT. Although changing
the transport properties of SWNT-FET by
1 physical adsorption of APTES has been
reported by Kong et al. [1], they didn’t
achieve n-type FET properties. These results
10-12L _ " . . ] indicated that the covalent chemical bond
0 2oy V) ] " formation between APTES and SWNTs is

Fig. 1. LV, curves of SWNT-FET effective for making n-type SWNT-FETS.
before and after amine treatment
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X-ray source with cold cathode is attracting much attention, and X-ray sources using carbon-related
materials as a field emitter have been reported by several authors [1]. We have reported on a preliminary
micro-focused X-ray source with a carbon nanotube (CNT) bundle cathode and a simple einzel lens consisting of
three parallel plates, and its imaging capability was demonstrated [2]. To improve its performance, ie.,
intensity, penetrating power, resolution of X-ray images, we developed a new micro-focused X-ray source
equipped with an optimized electron optical system.

The X-ray source composed of a field emission cathode, a Butler lens [3], and a Cu anode, as illustrated in
Fig. 1. The cathode used in this study was a bundle of multi-walled carbon nanotubes (MWNTs) produced by
arc discharge in helium gas. The CNT cathode assembly was mounted on an XYZ stage for alignment with the
optical axis. Owing to this alignment function, an anode current increased by twice as much as the case without
the function. The Butler lens consisted of an extraction electrode and a focusing electrode, whose configuration
was designed by computer simulations of electron beam trajectories. Since the maximum voltage applied to the
cathode and the anode were -30 kV and +30 kV, respectively, the X-ray source can generate X-ray with high
penetrating power enough to image non-biological specimens such as LSI. X-ray radiated from the anode was
extracted in the atmosphere passing through a Be window, and X-rays transmitted through a specimen were
recorded on an electron microscope (EM) film. Experiments were done under an ordinary vacuum pressure of
2x107 Torr for practical use.

Figure 2 shows an X-ray image of wiring of LSI taken at an acceleration voltage of 23 kV for which 9.0
kV and +14.0 kV were applied to the cathode and anode, respectively. The EM film was placed close behind
the LSI specimen, and therefore the magnification was unity. Each of wires, whose width was 30 xm, is
perfectly resolved.  Use of the Butler lens led to significant improvement of resolution of the X-ray images.

l Butler lens

Vext “
W wire :if C node
% :
‘“a’ MWNTS . l
i\/cathode Vtocus =z
Z Z

Fig. 1 Schematic diagram of the newly developed X-ray source. Fig. 2 X-ray transmission image of a LSI
at the acceleration voltage of 23 kV.
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We report the solubilization of SWNTs in aqueous solutions of biosurfactants. In this stydy, ten
different anionic-, zwiter ionic- and nonionic steroid moiety-carrying biosurfactants, and three different sugar
biosurfactants are used (Figure 1). All these compounds have been known as membrane protein solubilizers.
Especially, bile salts such as sodium cholate and its analogues are composed of a rigid hydrophobic steroid
backbone carrying two or three hydroxy groups stereochemically and form specific structures and biological
functions in water. The critical micellar concentrations (cmc) of these micelles are rather high, which is the
advantage to remove them from the solutions. We describe a strong chemical structure dependence and the
effect of cmc on the solubilization of CNTs using the biosurfactants.
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Figure 1. Chemical Structures of
biosurfactant, column A : steroid type
surfactant, column B : sugar type surfactant.
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NIR Laser Irradiation toward SWNTs in Solution
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We have already reported that anthracene-carrying
copolymer 1 (Figure 1) can dissolve single walled
carbon nanotubes (SWNTSs) in solution”. In this study,
we examine the effect of laser irradiation onto this
SWNT solution.

A DMF solution of 1/SWNTs was prepared by
sonication, and subsequent centrifugationl). Upon
irradiation by Nd:YAG pulse laser (wavelength :
1064 nm) to this solution, we recognized a formation
of a black-colored precipitate, and the decrease in the
absorbance of the vis-NIR absorption of SWNTs
(Figure 2). The absorption of anthracene moiety on 1
did not change by this procedure. The Raman spectrum
of the precipitate separated from the solution was
almost the same as that of SWNTs before laser
irradiation, suggesting that the laser irradiation induces
desorption of solubilizer 1 from SWNTs and produces
bundled insoluble SWNTs in solution.

References : 1) K. Narimatsu, J. Nishioka, H. Murakami, N.
Nakashima, Polymer Preprints, Japan, 54, 1G31 (2005).
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Figure 1. Chemical structure of 1.
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Figure 2. Vis-NIR spectra of
1/SWNTs in DMF. Nd:YAG
pulse laser (at 1064 nm)
irradiation time were: (a) 0, (b) 5,
(c) 10, (d) 30, and (e) 60 min.
Optical cell length ; 1 cm.
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Dielectrophoresis of SWNTSs in a Microchip
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Recently, dielectrophoresis (DEP) has been proposed to separate metallic SWNTs
(M-SWNTs) from semiconducting SWNTs (S-SWNTs) [1]. The DEP force is strongly
dependent on the permittivity of a SWNT, which is inversely proportional to a square root of
the band gap of a nanotube.  Thus, M-SWNTSs having infinite permittivity are suggested to
be attracted more strongly to the electrode as compared with S-SWNTs.  One major issue
of the metal-semiconductor separation by DEP is the reliability of the Raman spectra of
SWNTs deposited on the electrode, because the spectrum is very sensitive to an aggregated
state of SWNTs [2]. Therefore, direct evidences, such as an absorption spectrum, are
necessary to discuss effectiveness of the separation.

Here, we report on the DEP of SWNTs in a microchip having interdigitated electrodes with
10 um gap.  The DEP force is supposed to influence on SWNTs effectively in a confined
space.  Furthermore, this method allows us to obtain the dispersion after the DEP for the
absorption measurement. HiPco-SWNTs dispersed in D,O/SDS solution was introduced
into the microchip and suffered from the non-uniform electric field generated by a function
generator, 20 V,, (peak-to-peak) and 15 MHz, as shown in Fig. 1(a).  Fig.1(b) shows the
absorption spectra of the original dispersion and that collected after the DEP.  There is no
obvious change in their absorption spectra, suggesting the co-existence of M-SWNTs and
S-SWNTs even after the DEP.  Effects of an electric double layer and electrolysis of the
solution will also be discussed.

(a (b) 0.4
Dispersion of SWNTs (A) Dispersion of SWNTs (B)

0.2

R SR DT N

L
A5
0 400 600 800 1000 1200 1350

Wavelength (nm)

Figure 1. (a) Schematic illustration of the DEP of SWNTs in the microchip. The channel size is 20 m
height, 6 mm width, and 13 mm length. (b) Comparison of absorption spectra of the SWNTs dispersions.
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Metal-free Formation of Spiral Carbon Structures
O Akira Koshio, Teruyuki Tanaka, Toshiki Sunouchi and Fumio Kokai
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Mie 514-8507, Japan

Carbon coils with helical/spiral structures, such as carbon nanocoils and microcoils,
are expected for use as electromagnetic absorber, nano-springs and emitters for field
emission. The carbon coils can be grown by catalytic thermal decomposition of
hydrocarbon gases such as acetylene. It is well known that metal catalysts, such as iron
and indium tin oxide and nickel, are essential for effective growth of carbon coils.
Recently, we found that carbon coils were formed without metal by arc vaporization
using graphite electrodes in a hydrogen atmosphere. In this study, we examined the
formation of spiral carbon structures without a metal catalyst.

Preparation of samples was carried out by vaporization of graphite as an anode using
a conventional arc discharge method. Hydrogen gas was put into the arc chamber at
~more than 0.1 MPa. The arc discharge was performed intermittently for 5 min.

Figure 1(a) shows moss-like aggregates on the surface of a cathode after arc discharge.
Electron microscopic observation revealed that the moss-like aggregates consisted of
highly dense multi-wall carbon nanotubes. This result is similar to that of an RF plasma
method [1]. In addition, various types of spiral carbon structures, such as thin single
coils with diameters of about 200-300 nm (Fig. 1(b)) and thick double-helix coils with
diameters of 2-3 um (carbon microcoils) (Fig. 1(¢)), were formed on the surface of an
anode. We will discuss details of the metal-free formation of carbon coils.

- um
————

Fig. 1 SEM images of (a) mos—like aggregates of MWNTSs formed on a surface of the cathode
deposit, (b) thin single carbon coils and (c) thick double-helix carbon coils formed on the
surface of an anode.

References
[1]1 A. Koshio et al., Chem. Phys. Lett. 356, 595 (2002).
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On Critical Sizes of Multiply-Charged Fullerene Clusters
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Recently, the critical sizes of fullerene clusters (C(,o),,” have been experimentally
measured for multiply charged of z =2 —5[1]. To explain experimental measurements,
we calculate the energy barrier for various fission channels and estimate the critical
sizes of multiply-charged fullerene clusters for z = 2 - 6]. We calculate energy barriers
for various fission channels by assuming that the fragment cluster are in contact at the
transition state[2]. The energy of charged clusters is estimated either by using the results
of accurate calculations for (Ceo)n clusters[3] or the use of the liquid drop model. The
results are shown in Table 1. The experimental measurements are reproduced within a
considerable accuracy in both methods. Although the liquid drop model essentially
explains the appearance sizes for z =2 - 5, shell effects are expected to be important
for z = 6. Furthermore, multiply-charged clusters larger than the critical size are not
always stable due to shell effects even for z < 6. Details will be presented in article [4].

z Theory | Exp[1]
Table 1: Critical sizes for multiply 2 6 (6) 5
charged fullerene clusters with charge z. 3 12 (12) 11
Numbers in parenthesis are those 4 22 (20) 22
calculated from the liquid drop model 5 31 (3D 33

6 38 (45) --
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It is well known that the ground state of Cq is a good electron acceptor. The
excited triplet state of Cgy becomes a much stronger electron acceptor and has a far
longer life time compared to its excited singlet state. Furthermore, the quantum yield to
the excited triplet state of Cgo from its excited singlet state is very high, and it has a
potential for causing chemical reaction with other materials. Thus, it is expected that Cg
will smoothly react with electron donor compounds under the photo-irradiation
condition. Under this concept, chemical functionalization of Cg, with organosilicon
compounds has been performed to give the fascinating results. >

Here we report the photochemical reaction of fullerene with cyclic
organosilicon compounds. It was observed that the cyclo-addition of the
silacyclopropanes to Cg forms the 5-membered ring on the carbon cage.
Silacyclopropanes with diphenyl and phenyl substituents on one side of the carbon
atoms in the ring also affords the open type of Cg mono-adduct as well as the
cyclo-addition adduct. The reaction mechanism and the structure analyses of these
Ceo-mono adducts will be reported in this presentation.

1) Akasaka, T. et al. J. Am. Chem. Soc., 1993, 115, 10366.

2) Wakahara, T. et al. Current Organic Chemistry, 2003, 7, 927.
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This work describes the computer aided search program for multi-adduct fullerene CgoR,,
structures by tracing the family tree of precursors and derivatives of every physical possible
multi-adductions (Geometrical Evolution Graph)[1]. We developed a new searching algorithm,
named Cones Product Strategy (Figure), based on the multi-dimensional network pathways.
When applied to the highly symmetrical hexa-adduct Cgo we obtained 3 possible pathways to
hexa-adduct  descendents. 7, symmetrical
hexa-adduct is the only hexa-adduct that is able to
derive from e and frans-1 bis-adduct isomers. Ds

yonelausn

symmetrical hexa-adduct is the only hexa-adduct
that is able to derive from the tris-adduct 0x0200 Pr
0081 (expressed as structure ID [2]) that is the
only tris-adduct able to derive from e, trans-3 and
trans-2 bis-adduct. D34 symmetrical hexa-adduct
is the only hexa-adduct that is able to derive from
the tris-adduct 0x0001 2001 which structure has
very simple biconical zone. This algorithm could

Figure. Graphic representation of the Cones

facilitate the development of n lex
de P ew  comp Product Strategy that selects the best precursor

chemical structures. L .
tur pair (a,b) for its derivatives including target

structures mainly.
References and Notes:

[1] T. Toida, Y. Hori, K. Nemoto, K. Uchida, T. Ishii, and H. Yajima, J. Computer Aided Chem., 6, 11 (2005)
[2] The structure ID that is 8 digits hexadecimal index (30 bits width) corresponding to any adduct patterns on
30 kinds of hex-hex double bond of Cg, fullerene is classified to the minor structure ID which is impossible to
distinguish and the Major structure ID which is representative for the minor structure IDs. The Major structure
ID is the index without duplications of structure isomers and it is able to compare any two adduct patterns
directly. In this study the software tools to visualize the structure ID for the Schlegel diagram are also developed.
The tools are able to output the Major structure ID and its enantiomeric Major structure ID.
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Syntheses of water-soluble fullerene-chitosan conjugates
and their radical scavenging activities
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Recently, a large number of studies have been extensively made with respect to the
syntheses of water-soluble antioxidant fullerene derivatives and their scavenging activities
against reactive oxygen species such as hydroxyl radical and superoxide. However, a few
reports on fullerene derivatives with effective biological activities such as biocompatibility
and biodegradability have been just presented.

In order to develop a novel biomedical material with multiple and effective
functionalities using fullerenes, the conjugates of fullerenes and chitosans were synthesized
and their scavenging activities were examined by means of ESR measurements.

The conjugation was carried out according to the method described in a previous work [
and confirmed by 'H-NMR measurements. The degree of substitution of fullerene was
determined to be 0.25. Furthermore, the dispersion properties of the conjugates in aqueous
solution were analyzed by dynamic light scattering (DLS). As a result, it was suggested that
the conjugates assumed self-assembly in analogy with amphiphilic polymers or surfactants

(Fig.1).

At present, the studies on the self-assembly mechanism and radical scavenging activities
of the conjugates are in progress.

d=236.1%x43.0 nm
254 \\
[1] K.Nemoto et al., Abstracts of the 29"

Fullerene-Nanotubes General Symposium, 2P-2 (2005)  20-
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Fig. 1 Size distribution of Chitosan-Fullerene conjugate

in aqueous solution analyzed by DLS.

(26.2°C detection angle was 90°, Histogram Marquadt method)
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One Pot Synthesis of Highly Water-Soluble Fullerenol
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Water-soluble fullerene is a promising material in the field of life science, as medicine
or cosmetic, in view of its high ability of capturing active oxygens [1]. Thus, facile synthesis
of the water-soluble fullerenes has been eagerly desired from the beginning of fullerene
chemistry. Since the polyhydroxy! fullerene, fullerenol, can be one of the candidates for the
water-soluble fullerenes, several synthetic methods have been already reported [2,3]. The
fullerenols with less than 12 hydroxyl groups on a fullerene cage still showed a very poor
water solubility, whereas the fullerenols with more greater number of hydroxyl groups
exhibited a good solubility. However, its applicability is restricted by the unfavorable
contamination of Na ion which is inevitably introduced under the treatment with NaOH.

Recently, we have succeeded in synthesizing the milky white-colored fullerenols with
36—40 hydroxyl groups (estimated average) as a Na free compound [4]. This compound, we
called “StarFullerene'™”, showed the higher solubility of 58.9 g/L to neutral water. However,
two step procedures were essential for the synthesis of desired StarFullerene from Cqy.

In this study, we improved the previous synthetic method by addition of some
promoter to the above preparation solution, achieving the one pot reaction. This newly
prepared fullerenol contains additional N-containing groups and showed the more higher
water solubility as over 200 g/L (Table 1).

Table 1. Water solubility of some fullerenols

Compounds Average Structure Elemental Analysis Water  Solubility
% cont.” / % g/L
StarFullerene 1 Ceo(OH)36 * TH,0 C:48.1, H:3.6, 0:48.3 8.9 17.5
StarFullerene 2 Cso(OH)s * 9H,0 C:46.3, H:3.7, 0:50.1 9.6 58.9
Present fullerenol Ceo(OH); X, * nH,0°  C:35.9,H:4.2, 0:48.9, N:11.0 17.6° >200

a) Water contents determined by TGA analysis. b) X = NH,, NHOH, NO, NO, etc; N-containing group. ¢) Determined by
Karl Fischer Moisture Titrator.

[1] Xiao, L.; Takada, H.; Maeda, K.; Haramoto, M.; Miwa, N. Biomed. Pharmacother. 2005, 59, 351.

[2] Chiang, L. Y.; Wang, L.-Y.; Swirczewski, J. W.; Soled, S.; Cameron, S. J. Org. Chem.1994, 59, 3960.

[3]1Li, J.; Takeuchi, A.; Ozawa, M.; Li, X.; Saigo, K.; Kitazawa, K. J. Chem. Soc., Chem. Commun. 1993, 1785.
[4] T. Oshima et al., Abstracts of The 28" Fullerene-Nanotubes General Symposium, p.105, 2005.
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Synthesis of Alkylated Pentamethyl[60]fullerene by Iridium Catalyzed C-H
Bond Activation of Toluene

O Akihiko Iwashita', Yutaka Matsuo, Eiichi Nakamura'*
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Cluster Project, ERATO, JST, Hongo, Bunkyo-ku, Tokyo 113-0033, Japan

Penta(organo)fullerene (CqRsH; R = various alkyl and aryl groups) is one of the
most promising fullerene derivatives because of their availability with large scale and their
unique chemical and physical properties such as liquid crystals, vesicles, ligands of transition
metal complexes. Chemical modification of penta(organo)[60]fullerene can make it possible
not only to build up a value-added compound but also to substitute a reactive hydrogen atom
in the cyclopentadiene moiety of CgRsH with organic groups to obtain stable
hexa(organo)[60]fullerenes, C¢oRs. We present here the novel synthetic method to obtain
alkylated penta(organo)fullerene by iridium catalyzed C-H bond activation reaction.

[IrCl(coe)sls
(0.1 equiv.)
KoCOg3 (1 equiv.)
toluene
80°C,120 h

The reaction of bromo(pentamethyl)[60]fullerene, CgMesBr (1) with catalytic
amount of [IrCl(coe);]» (coe = cyclooctene) in toluene at 25 °C for 120 h gave
benzyl(pentamethyl)[60]fulierene, CgMes(CH,Ph) (2) in 51% yield through C-H bond
activation of toluene. The conversion of 1 was 100%, and CsoMesH (3, 22%) and several
oxidized products such as CsoMesOsH were given as byproducts. The characterization of 2
was performed by 'H and C NMR and HR-MS measurements as well as an X-ray
crystallographic analysis. The present procedure is a quite rare example of catalytic
functionalization of fullerenes. We believe that the new methodology expands a molecular
library of stable functionalized fullerenes.
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differentiated by nerve growth factor

OSyo Kawahara', Yuki Fujisawa', Hiroki Tsumoto'?, Kohfuku Kohda?,
Takayoshi Suzuki', Hidehiko Nakagawa' and Naoki Miyata'

'Graduate School of Pharmaceutical Sciences, Nagoya City University,
Tanabe-dori, Mizuho-ku, Nagoya, 467-8603, Japan
Faculty of Pharmaceutical Sciences, Musashino University,
Shin-machi, Nishitokyo, Tokyo, 202-8585, Japan

Fullerenes show very unique photo-, electro-chemical and physical properties, which can be
exploited in various biological fields. However, the solubility of fullerenes in polar solvents is
known to be quite poor. Because of this property, biological application of fullerenes has been
very limited. Recently, the preparation methods for water-soluble fullerene derivatives were being
developed, and we also synthesize several water-soluble fullerene derivatives. We herein report
the finding of the promoting effect of a water-soluble fullerene on growth of neurites of rat
pheochromocytoma PC-12 celis that were differentiated by nerve growth factor (NGF).

PC-12 cells were plated and grown in a growth medium containing 10 % horse serum and 10 %
fetal bovine serum. For induction of neuronal phenotype, the medium was replace with the
differentiation medium without serum, and the cells were treated with 50 ng/mL NGF in the
presence or absence of the fullerene derivatives. After 72 h incubation at 37 °C under a
humidified CO; incubator, PC-12 cells in neuronal phenotype were observed. In the presence of
560 uM of Cgp/y-cyclodextrin (y-CyD) with 50 ng/mL of NGF, the length of neurites was increased
as compared with that of NGF alone (Figure). As a result, Cgo/y-CyD enhanced the growth of
neurites of PC-12 cells that were differentiated by NGF. The effects of fullerol and other
water-soluble fullerene derivatives are under investigation.

Figure The promoting effect of Cgo/y-CyD on growth of neurites of PC-12 cells that were
differentiated by NGF a) NGF 50 ng/mL, b) NGF 50 ng/mL + Ceo/y-CyD 560 pM
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Mechanisms of mechanochemical oxidation of fullerene under oxygen
atmosphere
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Abstract: Solid-state organic syntheses were recently gathering interests not only on the
standpoint of green-chemistry, but also from the viewpoint of unusual reactions under
mechanical stressing via a mechanochemical route. Applications of mechanochemical
reactions to organic chemistry and the analysis of their reaction mechanism are recently
becoming an essential subject for mechanochemists. Solid-state mechanochemical
reactions are widely applied to the chemical modification of Cgo to overcome a notorious
drawback of too low-solubility of Cg in any conventional solvents [1].

From well-documented mechanochemistry of inorganic materials we learn that various
types of lattice imperfections serve as an active center for the subsequent
mechanochemical reaction. Unlike inorganic crystals, organic ones are mostly molecular
crystals with much weaker cohesive forces of van der Waals in nature. Although similar
effects are expected on the organic substances, direct evidences of mechanochemical
effects on the organic molecules at the lattice points are yet to be explored. We therefore
try in this study to discuss mechanochemical effect on Cg in crystalline state by exerting
mechanical stressing by simple milling devices under various atmospheres.

As we ball-milled crystallite Cgp in O, atmosphere, we observed formation of oxidized
fullerene, CgoOn, containing C-O and C=0 bonds as determined by infrared spectroscopy.

It is known that the oxidation reaction of Cg under UV irradiation in O, atmosphere
takes place by the participation of 'O,, generated by energy transfer from 3Ceo*, as a key
active species [2]. During the mechanochemical oxidation reaction, we also observed
generation of 'O, by ESR spin trapping method. Furthermore, oxidation reaction was
inhibited with trapping 'O, by addition of 2,2,6,6-tetramethyl-4-piperidone serving as a '0,
scavenging agent [3].

From those observations, we conclude that 'O, is a key activate species in the present
mechanochemical oxidation of Cgy. We also discuss about correlation between mechanisms
of generation of 'O, and inverse Jahn-Teller effects [4] during mechanical stressing of Cep.

References:
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A variety of functionalized fullerene (Cgg) derivatives have become available recently.
No dye—Csp heteroconjugates, however, have been reported to date, despite the fact that these
types of derivative are potential candidates for future optical and electronic applications due
to the extensive molecular orbital (MO) interaction between the constituent moieties.
Phthalocyanines (Pcs) are important classes of dye materials, and have found widespread
industrial applications. Recently, our group has succeeded in synthesizing novel Cgp—Pc
conjugates by using 1,2-dicyanofullerene as one of the starting materials [1]. In this conjugate,
the Cgo and Pc units are linked directly and, therefore, the distance between them is
minimized. Interestingly, spectroscopic properties of the conjugates are clearly different from
those of Pc as a consequence of extensive MO mixing between the Cgo and Pc moieties.
Quantum chemical calculations indicate that the excited states of Cg—Pc conjugates are
sensitive to the relative arrangement of Cgo and Pc.

In this study, we have attempted another synthetic approach to introduce Cgp moiety
to the Pc skeleton. We first prepared a Pc containing the pyridazine unit (1), which was further
reacted with Cgg in refluxing 1-chloronaphthalene for 2.5 h to give a novel Cg—Pc conjugate
(2). Due to the open-cage Cg skeleton in 2, the component moieties are fixed in close
proximity. Synthetic methods and spectroscopic properties of 2 and its metal complexes will
be presented in more detailed.

R
N
NN N, N R
N AT ST
CN Ll NH N~ C
+ ——— > N, N 60
CeH,s0H N HN 1-Chl hthalene
R CN 13 NG oronaphthalen
150°C NASNNY reflux 2.5h
0.5h R
R CN X
R=-OCH, R=-0CH,

[1] Masuda, S.; Fukuda, T.; Kobayashi, N. Abst. The 28th Fullerene-Nanotube General Symposium, 2005,
Nagoya, Japan, p. 116.
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Endohedral metallofullerenes are known to have several unique properties. To apply these
to new materials, it is important to clarify the endohedral structures and electronic properties.
M@C;, (M=Sc, Y, and La) has been extensively investigated both theoretically and
experimentally. It has been determined that the metal atom is located at an off-centered
position on the C, axis adjacent to a hexagonal ring of C,,-Cy, cage by theoretical calculations
and MEM/Rietvelt analysis of X-ray powder diffraction data. Recently, the endohedral
structures of Eu@C,,[1] and Gd@C;,[2] have been determined by MEM/Rietvelt analysis. It
has been shown that the metal atom is located on the C, axis and adjacent to the C—C double
bond on the opposite side of the C,,-Cs, cage, unlike the M@Cg, (M=Sc, Y, and La) case. We
report density functional calculations of the endoherdral structures and electronic properties
of Eu@C;, and Gd@C,,.

hexagonal ring side

. M@Cy, (M=Eu and Gd)
by theoretical calculations : by MEM/Rietvelt analysis

and MEM/Rietvelt analysis

C-C double bond side

References
{1} B-Y. Sun, T. Sugai, E. Nishibori, K. Iwata, M. Sakata, M. Takata, H. Shinohara, Angew. Chem. 44 (2005)
4568.

{2] E. Nishibori, K. Iwata, M. Sakata, M. Takata, H. Tanaka, H. Kato, H. Shinohara, Phys. Rev. Lett. 69 (2004)
113412.
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A New Metallofullerene Growth Mechanism II
-A Mechanism of Two or Three Metal Atoms Encapsulation-

Yohji Achiba
Department of Chemistry, Tokyo Metropolitan University,
Hachioji, Tokyo, Japan

We have proposed a new fullerene network growth model by which several unknown
factors related with the formation of stable endohedral metallofullerenes(Mx@C,,) are safely
described. In this model, we proposed a specific carbon skeleton consisting of three fused
hexagons coupled with isolated three pentagons, might be called“phenalenyl skeleton”, as a key
carbon network(see Fig.1). In this model, we assume that at the first stage, carbon ring and/or
chain clusters start to form carbon aggregates like a“carbon nest”, as those demonstrated in the
previous study of fullerene molecular dynamics simulations. In the carbon aggregates, we
further assume that P(phenalenyl)- skeleton plays an essential role as a “center” of the 5-and

6-membered network carbon cage formation of a metal encapsulated metallofullerene.

In this work, we here try to apply the p-center model
to understand the process how the second or third metal atoms

are entrapped in the cage. In Table 1, we summarized the

numbers of the p-active centers for the metalofullerene cages

with different sizes and symmetries. It is quite interesting to Fig. 1
note that all the cages in which two Numbers of a P-center Active site and Metallofullerenes
Size Sym. Active site | Metallofullerenes
or three metal atoms are safely 56 G2v(NoniPR) : Se2@ces
68 D3 (NonlPR) 8 Sc3N@C68
72 C2v(NoniPR) 8 La2@C72
entrapped possess at least four p- = o 2 e T
. . . d 24 ,
center active sites. Furthermore, it i C2viNoniPR) : s
- 78 D3h(5) 6 La2@C78,Ca@C78
should also be noted that the spatially - vy 20 L22@C80,3<3NGCo0
. e . . . 82 C2v(9) 8 Ca@C82,La@C82
relative position of each active site is Cs(6) s Er2@C382
C3v(8) 10 Y2@C82
very important to explain the specific Ay 5 ca@csz
Cs(4) 2
cages for M,@Cy, or M;@Cop. 84 D24(23) Scz02@C84
All the cage network having two or Table 1

three metal atoms inside seem to satisfy the condition in which two or three p-center acive sites

are located with each other with a certain long distance.
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ESR Spectrum of La@Cg,(Ad) Single Crystal
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The g-tensor of the magnetization of La@Csx(Ad) (Ad=adamantylidene) single crystal
was determined by the high-field (W-band) ESR spectroscopy at various temperatures,
from 6K to 300K. The single crystal of La@Cs2(Ad) was recently synthesized by the
Gakugei and Tsukuba group of the authors, and the X-ray analysis gave it’s
unambiguous crystal structure®. It’s ESR spectrum exhibits a very sharp single line at
the g-value depending on the orientation of the crystal to the static magnetic field, see
the left hand side figure. The high-field (W-band) ESR spectrometer gives the precise
g-tensor of the crystal from the orientation-depending analysis. The g-tensors at various
temperatures are determined, and the anisotropy of the g-tensor decreases with
increasing temperature. And the line width of the spectrum depends on the orientation
of the crystal and
becomes sharp with

increasing temperature, 20019
see the right hand side 20018
figure. The feature of 20017
the anisotropy and the %aoms
line width reflects the z‘mns
magnetic  interaction 20014

among molecules in 20013

the crystal structure. 0 %0 80 % 12 15 18
Angle / deg. Angle / deg.

References: 1)Y. Maeda et al., J. A. C. S. 126(2004) 6858-6859.
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Encapsulation of one or more metal atoms inside hollow fullerene cages is of interest since it
leads to new spherical molecules with novel properties unexpected for empty fullerenes. [1]
Chemical functionalizations of endohedral metallofullerenes provide an entry into
investigations of the biochemical and pharmacological potential of this fascinating class of
compounds. Recently, we have isolated and characterized carbene derivative La@CgAd
(Ad = adamantylidene) prepared by the reaction of La@Cs, with adamantanediazirine. [2]

In this study, we report for the first time the synthesis and isolation of carbene derivatives of
La@Cs 3 and 4 which were prepared by the reaction of La,@Cso with adamantanediazirine
1 and sugar diazirine 2, respectively. Their structures were determined by mass, absorption,
NMR spectroscopic analyses. The electrochemical properties of 3 and 4 were also
investigated by means of cyclic voltammetry.

Scheme

+

HOBn

H.o
BnO
BnQ OB
H

1] Endofullerenes: A New Family of Carbon Clusters; Akasaka, T.; Nagase, S., Eds., Kiuwer: Dordrecht, 2002.
[2] Maeda, Y.; Matsunaga, Y.; Wakahara, T.; Takahashi, S.; Tsuchiya, T.; Ishitsuka, M. O.; Hasegawa, T.;
Akasaka, T.; Liu, M. T. H.; Kokura, K.; Horn, E.; Yoza, K.; Kato, T.; Okubo, S.; Kobayashi, K.; Nagase, S.;

Yamamoto, K. J. Am. Chem. Soc. 2004, 126, 6858.
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Ion Mobility Studies on Sc metallofullerenes
OT. Sugai', M.F.Jarrold?, H. Shinohara'”*
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Structural studies have been a main issue on metallofullerenes. NMR and X-ray
diffraction have clarified their unique structures and properties. These methods,
however, require isolated large amount of samples, which prevents us from systematic
studies on cage size. For this purpose, we have developed an ion mobility method and
have clarified universality of the carbide structures [1] and their cage size dependence.

The Sc metallofullerene samples are

. . ISCQC7+4 s'czcg2
prepared by an arc discharge using Sc
graphite composite rods. They were
extracted and were desorbed and ionized ’ "sesChi QCZC&

with a XeCl laser. Thus produced ions were
introduced into a drift cell filled with He of
500 Torr. After passing through the cell, the

ions were mass selected and were detected to

L taiaba
' b r 5 b

ScyCra ScyCas

Intensity / Arb. Units

——a——— L
T

measure a drift time which is defined as the . - = P
SCzcao ScyCgg

time difference between the laser shot and
the ion detection.

Figure 1 shows the mobility profiles of 65 70 75 65 70 75
Drift Time / ms

various Sc di-metallofullerenes, where two ) )
Fig. 1 Mobility profiles of Sc di-metallofullerene

species are identified. The drift time or the

mobility difference between the two peaks corresponds to that between C, and Cy.
fullerene cage meaning carbide and normal structures [1]. These series measurements
show that Sc,Cg," tends to have the normal Sc,@Cs, structures. The intensity ratio
between the normal and the carbide shows maximum at Cg, suggesting Sc
di-metallofuellerens have special stability with Cg, cage. For the higher or lower cage
size, the ratio decreases indicating the carbide structure is dominant for these fullerenes.

References:
[1] T. Sugai et al., J. Am. Chem. Soc. 123, 6427 (2001).
e-mail: sugai@nano.chem.nagoya-u.ac.jp tel: +81-52-789-2477 fax: +81-52-789-1169
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Fabrication and characterization of solution-processed
Pd-Cg, polymer-based thin film transistors
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Over last few years, ubiquitous computing society, which provides information and
services anytime and anywhere, has been intense attention. In order to realize it, the
development of low-cost and flexible, large-area devices like an e-paper is important. It
is demonstrated that Organic Thin Film Transistors (OTFTs) are considerably valuable
for application to such devices because solution processes are available for the
fabrication of OTFTs [1]. However, the contact resistance at interface between
electrodes and organic semiconductor is comparable to or exceeds the channel
resistance in OTFTs [2]. The contact resistance causes the degradation of the
performance of OTFTs. In the OTFTs, therefore, the decrease of the contact resistance
is one of the most important issue to be solved.

Recently, the immobilization of cytochrome ¢ on Cgo-palladium (Pd) polymer
(Figure. 1) which was modified on Pt electrodes was reported, and the direct electron
transfer between the Pt electrode and the immobilized cytochrome ¢ was observed [3].
This suggests that the Pt and Cgo-Pd polymer are tightly connected.

We synthesized the Cep-Pd polymer and fabricated the TFTs with the Cgo-Pd
polymer active layer by the solution processes. The output characteristic of a Cg-Pd
polymer TFT is shown in Figure. 2. This TFT shows n-channel behavior. The I first
increased linearly with Vps. This linear increase of the Ip suggests low contact
resistance. The field effect mobility and current on-off ratio were 3x10* ¢m?/Vs and
=107, respectively.

70 —
6ol Vv, =80V
7 Ny g
.">Pd<(@3>)>|’d@f’d { PAC e 50} ‘//v 70
N e g 40 o oy
52 T 30} oy
>Pd '/ Pd< 201 P ‘
N
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Vis (V)

Figure 1. Chemical Structure of a Ce-Pd  Figure 2. Output characteristic of a Csp-Pd
polymer. polymer TFT.

[1] C. D. Dimitrakopoulos ef al., Adv. Mater. 14, 99 (2002).

[2] P. V. Necliudov ef al., Solid State Electron. 47, 259 (2003).

[3] E. D’Souza et al., Bioelectrochemistry 66, 35 (2005).
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Fabrication of high performance fullerene field-effect transistor devices
and their performance control
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Field-effect transistors (FETs) with organic thin films have many advantages such as
large-area coverage, structural flexibility, portability, and shock-resistance. The conventional
SiO, gate insulators should be replaced by polymer gate insulators in order to bring out these
advantages.

We have first fabricated flexible fullerene FET devices with polymer gate insulators on
the poly(ethylene terephthalate) (PET) substrates. The n-channel normally-off FET properties
were observed in the Cgp FET device with polyimide gate insulator [1]. The field-effect
mobility, 1, was estimated to be ~10% cm? V' 57! at 300 K. On the other hand, the n-channel
normally-on FET properties were observed in the fullerodendron FET with polyvinyl alcohol
(PVA) insulator. The I, - Vps plots of the fullerodendron/PVA FET is shown in Fig. 1.

The high-carrier injection into the active layer is expected to achieve the low-voltage
operation in the FET device. We have fabricated C¢p FET device with high-dielectric gate
insulator, Bag 4Tig 6Sr9 9603 (BST). The Ip - Vps plots of the Cgo/BST FET is shown in Fig. 2.
Low-voltage operation was observed in the FET device. Application of fullerene FET devices
in practical devices will be reported in this symposium.
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Fig. 1. Ip - Vpg plots of fullerodendron/PVA FET. Fig. 2. Ip - Vps plots of Cgo/BST FET.

[11Y. Kubozono et al., Appl. Phys. Lett. 87, 143506 (2005).
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Surface Modification using Self-assembled Monolayers on the
Electrodes in Organic FETs
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Organic field effect transistors (FETs) are important considering future applications
to electronic devices, and have intensively been investigated. In order to improve the
properties of organic-FETs like Cg FET, the methodologies have not still been
established. Especially, one of the most important key issues will be the interfacial
problem between organic thin films and gate-insulators and/or electrodes and this is
now drawing intense attentions. The surface control using self-assembled-monolayers
(SAMs) is a well known method as such a surface modification for providing
microscopically good interface regulations. Such efficient surface modifications have
been reported to be achieved on SiO, gate insulators using silane molecules and on gold
electrodes using thiol ones in the case of gold electrodes.

In the present study, interfacial modifications of source and drain gold electrodes
using thiol molecules have been studied in detail for pentacene-FETs, using three thiol
molecules as SAMs with different functional groups, 4-methyl (4MeBzT), 4-nitro
(4-NBzT) and 4-amino (4-ABzT) benzene thiols and the organic FET properties have
been investigated. The hole carrier mobility in organic-FETs can be increased by the
SAMs modifications when the optimized preparation conditions are employed.
Threshold-voltage (V) has been successfully controlled depending on the end
functional-substituents of benzene thiol molecules. The changes in Vi, observed in the
present experiments are considered to be explained in terms of the charge transfer
occurring from SAMs to pentacene or vice versa in the interfaces, which is also the very
important in addition to the work functions to be modified with the SAMs treatment.
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Fabrication of field-effect transistor devices with three types of
fullerodendrons by solution process, and their electronic properties
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Solution-processed field-effect transistor (FET) devices have attracted special interests in
their applications owing to low-temperature / low-cost fabrication processes. In this study, we
have fabricated the FET devices with three types of fullerodendrons by using solution process.
Their FET properties are also of interests from the viewpoints of supramolecular chemistry.
The molecular structures of fullerodendrons are shown in Figure 1.

The fullerodendron films were formed on Si0,/Si wafers by spin-coating of chlorobenzene
solution of fullerodendron. The source and drain electrodes were formed on the
fullerodendron films by thermal deposition of gold. The FET properties were measured under
vacuum of 10 Torr. The value of field-effect mobility, z of the fullerodendron (II) FET
reaches 1.7 x 10 cm® V! s at 300K. The mobility gap and optical gap of fullerodendron (II)
have been determined to be 0.30 and 1.4 eV, respectively, from the optical absorption
spectrum and temperature dependence of resistivity. The electron transport is expected to
occur through overlap of m—orbitals between the Cgy moieties in Y
fullerodendron (II). It has been found from the temperature
dependence of the u value that the channel conduction in the
fullerodendron (II) FET device follows thermally activated

N~y R
0

hopping-transport mechanism with activation energy of 0.21 eV. In
this study, we have found from the properties of three FET devices
that the suitable molecule for FET device is the fullereodendron
molecule (II).
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Resonance Raman Spectra of Polyyne Molecules
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Abstract: Recently, the hydrogen-capped linear carbon molecules, namely polyynes
H(-C=C-),H (n = 4-8), were produced by a relatively simple method of laser ablation of
carbonaceous particles in solution and characterized by their UV absorption spectra during
the analysis using high-performance liquid chromatography (HPLC) [1]. For further analysis,
surface enhanced Raman spectroscopy (SERS) was performed for the polyyne mixture to
observe ~2000 cm™ bands, which are characteristic of stretching modes of the carbon chains
[2]. Furthermore, in order to obtain purified samples in macroscopic quantities, preparative
HPLC and NMR characterization is in progress in our group [3]. In this poster, we focus on
our recent results of Raman spectroscopy for the polyyne molecules H(-C=C-),H of n =5 and
6 using the chromatographically separated samples in n-hexane.

Figure 1 shows the Raman spectrum with an excitation at 234 nm, which is in
resonance to a wavelength within the dipole-allowed electronic absorption band below 252
nm. The line with a Raman shift of 2120 cm™ (designated as “1*” in Fig. 1) is followed by the
series of lines (2", 3™, and 4™) exhibiting the characteristic intervals. According to the
molecular orbital calculation (B3LYP/cc-pVDZ), the progression is attributed to one of the
stretching modes of the C,,H, molecule. The decay upon UV exposure is also observed.

References:

[11 M. Tsuji et al., Chem. Phys. Lett. 355, 101 (2002).

[2] H. Tabata, M. Fujii, and S. Hayashi, private communications.

[3]1 T. Doi et al. 29" Fullerene-Nanotube General Symposium, 2P-70 (2005).

Fig. 1. Resonance Raman spectrum of
polyyne molecules C,oH; in n-hexane.
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I mJ/pulse) are irradiated through the

fst 2nd solution and the scattered light is
dispersed and detected using a 0.3 m
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gaps, respectively. The bands with
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Raman shift (Stokes) / cm'* of the solvent molecules.
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The ultrasonication power density effects on carbon nanotube dispersion in
aqueous solutions
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Recently, sonochemistry was successfully applied for nanotube colloidal dispersion
in aqueous or organic solvents. The process of debundling is based on powerful cavitation
effect and subsequent substitution of powerful nanotube-nanotube Van der Waals forces by
surfactant micelles or polymer wrapping. The ultrasonication is a quite complex process and
the recent reports have been ambiguous with regard to the mechanism of nanotube dispersion
in water [1-2].

In this work we are investigating the effect of ultrasonication parameters on
single-walled nanotubes (SWNTSs) dispersion in aqueous solutions in order to understand the
side reactions and their effect on nanotubes’ properties. The ultrasonication is dependent on
horn type, cup geometry, power density, reagent’s purity, and dispersion agent type. The
temperature reached during the ultrasonication in air could be a good indicator of power
density of the ultrasound.

We found that ultrasonication power density is a key parameter for SWNTs
dispersion. The pH of dispersion is decreasing during mild ultrasonication and is affecting the
optical spectra of dispersion as shown in Fig. 1. The chiral distribution is changing only for
very high power energy ultrasonication.
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Fig. 1. The absorption spectra of ultrasonicated HiPco nanotubes in sodium dodecyl sulfate
aqueous solution in air at 0.2 W/cm® power density (65 °C temperature reached) for different

durations. The insight is showing the decrease of pH.

[1]. D.A. Heller et al., Carbon, 43, 651 (2005).
[2]. B. Benedict et al., J. Phys. Chem. B, 109 7778-7780 (2005).
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Single-walled carbon nanotubes (SWNTSs) are attractive material for their unique electronic
and mechanical properties. = However, an industrial scale synthesis of SWNTs has not been
achieved yet. Understanding the kinetics of nanotube growth in chemical vapor
decomposition (CVD) reaction is important for the high yield synthesis. = Here, we
investigated the kinetics through the gas analysis during CVD reaction in terms of catalytic
activity and lifetime. @~ SWNTs were synthesized by the thermal pyrolysis of CH4 over
Fe-Mo/MgO catalyst [1], and the exhaust gas was analyzed by a double-column gas
chromatography (GC, Agilent 6890N). The methane conversion was determined by the
amount of released H, and unreacted CHy. ' We mainly studied (i) roles of Mo as co-catalyst
and (ii) effects of water vapor to the nanotube growth. Fig. 1 shows the methane
conversion as a function of reaction time. It was found that Mo co-catalyst significantly
improves the catalytic activity as well as the lifetime.  This suggests that Mo stimulates the
surface decomposition of CH, and also prevents from the catalyst poisoning.  Addition of
the appropriate amount of water into the CVD system (0.8 pm/l) was found to elongate the
catalyst lifetime, as shown in Fig. 2.  The water vapor is supposed to clean the surface of
the catalyst [2]. We also found that the water addition reduces the relative ratio of
small-diameter nanotubes, resulting in the enrichment of large-diameter nanotubes.  The
present study suggests that the gas analysis is an effective tool to clarify the kinetics of
SWNTs growth and to realize a high nanotube yield.
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In the arc plasma jet (APJ) method, a large amount of soot including single wall carbon
nanotube (SWNT) can be made in a short time. However, a lot of impurities, such as
amorphous carbon and catalyst metals, are included in the made soot besides SWNT. It is
indispensable to remove these impurities to obtain pure SWNT. Here, we reported that it was
able to purify easily in large quantities by reflux in the hydrogen peroxide solution using the
iron particle.

The most important problem to purify APJ-SWNT is how to remove an amorphous
carbon attached to catalyst metals. In the heating method, SWNT burns simultaneously with
an amorphous carbon because combustion temperatures of amorphous carbon and SWNT are
close, the temperature management is difficult. Then, the purification by the reflux in the
hydrogen peroxide solution is tried. However, an amorphous carbon cannot be removed only
by usually reflux. Then, it refluxes mixing a small amount of iron particle to activate the
oxidation reaction of the hydrogen peroxide solution.

Figures 1 and 2 show TEM images of as-grown and purified APJ-SWNT, respectively. It
is clear that there is no catalyst metal and it is purified, though something like a husk remain.
Moreover, other experimental results show that the size of the iron particle greatly influences
the effect. Those results show that it is possible to reflux more effectively by using smaller
iron particles.

Fig. 1 TEM image of as-grown APJ-SWNT Fig.2 TEM image of purified APJ-SWNT

References: (1) Y. Ando et al., Chem. Phys. Lett. 323 (2000) 580-585
Corresponding Author: Tomoko Suzuki (m0441504@ccmailg.meijo-u.ac.jp)
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In a growth of carbon nanotubes (CNTs) by chemical vapor deposition (CVD) method,
existence of catalyst particles is significantly important. We have found that existence of
nanosized protrusions (nanoprotrusions) on substratre surface strongly influences to
granulation of catalyst thin film that is deposited onto the substrate. Here we show effect of
nanoprotrusions on formation of catalyst nanoparticles and its influences to growth of CNTs.

Nano-protrusions were formed on Si (100) by reactive ion etching (RIE). A detailed
process for formation of the nanoprotrusions is described elsewhere [1]. The density of
nanoprotrusions was 10'°cm™ and averaged height of the protrusions was 107nm.  After the
formations of nanoprotrusions, titanium (Ti) buffer film and iron (Fe) catalyst film were
deposited by vacuum evaporation. Deposition of titanium with a thickness of 0.5 nm was
followed by the deposition of iron with a thickness of 0.5nm. After the deposition of buffer
and catalyst film, CNTs were grown by a thermal CVD. C;H,, H, and Ar were used as a
process gases. The flow rates of C;H,, Hyand Ar were 5, 30 and 120 sccm, respectively.
The growth temperature was 700 ‘C. The growth time was 5 min.

Fig.1 (a) and (b) are TEM images of the CNTs grown on substrate without and with the
nanoprotrusions, respectively. Multi-walled structure was seen for both cases. Averaged
diameter of CNTs grown on the substrate with the nanoprotrusions was about 6 nm, which is
about a half of the diameter of the CNTs grown without the nanoprotrusions (10nm).
Diameter distribution of CNTs was also decreased drastically by using the substrate with
nanoprotrusion. Detailed examinations showed that the reduction of the diameter stems
from difference of granulation behavior between the substrates with and without the
nanoprotrusions.

(a) (b)

50nm 50nm
Fig.1 TEM images of the CNTs grown on substrate (a) without nanoprotrusions, (b) with
nanoprotrusions

[1] H Sato, T. Sakai, M. Matsubayashi, K. Hata, H. Miyake, K. Hiramatsu, A. Oshita, and Y. Saito, Vacuum
(accepted for publication)
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We have developed the novel dispersion and purification procedures of single wall carbon
nanotubes(SWNTs) using biopolymersl). Recently, we found the cationic polysaccharide
chitosan is an efficient dispersion agent for SWNTs®. The spectroscopic properties of
chitosan-SWNTs dispersion are different from sodium dodecyl sulfate(SDS)-SWNTs
dispersion in acidic conditions. In this paper, we discuss the difference of spectroscopic
characteristics of the SWNTs dispersed in chitosan and SDS solutions. SWNTs sample used
in this study were HiPco SWNTs. HiPco SWNTs was mixed with SDS/D,0 and chitosan/2%
acetic acid/D,Osolution and then treated using an ultrasonic disruptor for 60min. The
obtained dispersions were ultracentrifuged to remove large bundles. The SDS-SWNTs (pH 6)
and chitosan-SWNTSs (pH3.7) dispersion liquids were labeled S and C-SWNTs, respectively.
In order to confirm pH effect for the absorption spectra of S-SWNTs, the pH of the S-SWNTs
dispersions was changed with 0.1M HCI solution after centrifugation. This sample was
labeled AS-SWNTs (pH 3). Figure shows the UV-vis-IR absorption and NIR emission spectra
of S, AS, and C-SWNTs, respectively. The spectroscopic features were very different. The
S-SWNTs showed well resolved peaks, but, for AS-SWNTs, peaks in semiconductor range
disappeared in both absorption and emission spectra. On the other hand, C-SWNTs showed a
similar well resolved peaks under the acidic condition. This means chitosan is efficiently
protective against the protonation of SWNTs. In addition, Emission and Raman spectra
suggest that chitosan could be a chiral separation agent for SWNTs.

The detail experimental conditions will be discussed in the presentation.
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Figure UV-vis-NIR absorption spectra of S-SWNTs(dash line), AS-SWNTs(dotted line),
and C-SWNTs(full line). The inset shows emission spectra of the same samples under
720nm excitation. The emission intensity of S-SWNTs was decreased 10times.
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It is necessary to prepare nano-scaled probes and to control accurate approaching toward
specimen for measuring electronic properties of nano-structured specimen. CNTs have many
unique characteristics, for example, high mechanical strength, flexibility and high electric
conductivity. Furthermore CNTs grow from only fine particles of catalyst, and the growth direction
is controllable by applying electric fields during CVD. Those characteristics are applied to prepare
novel vertically aligned CNT (VACNT) probes that are easy to prepare and to handle. In this work,
we demonstrate the process for selective growth of VACNTS on patterned metal layers.

ANi catalyst and a Mo metal layer were deposited on a quartz substrate through a metal mask.
The boundary of the metal pattern was prepared to become thin gradually. The CNTs were grown by
Thermal-CVD and dc Plasma-Enhanced-CVD method. The reactor tube of the CVD equipment
was heated up to 600 °C. The flow of CoHy : Hy : Ar (5 : 50 : 50 ccm) was introduced into the
reactor tube. The working pressure was fixed at 2 kPa. A dc voltage and current was -250 V and
0.3 A respectively. The growth time was 5 min.

Figure 1 (a) and (b) shows SEM images of the CNTs grown by the T-CVD and the PECVD
methods respectively. By the T-CVD method, CNTs with 15 nm diameters grew with random
directions. The CNTs grew at near the boundary of the metal pattern where the surface of the Mo
films was rough and porous. The width of the CNT grown region was about 30 pm. In contrast,
no CNTs grew on the smooth Mo surfaces. In the case of PECVD method, VACNTs with 30 nm
diameters grew up all over the pattern.

The reason why CNTs grew at near the boundary by T-CVD is that the Ni catalysts formed fine
particles at the region. The Ni catalysts didn’t become fine particles on the smooth surface of Mo
due to the high wettability. Rough morphology of the Mo underlayer promoted the Ni catalyst to
become fine particles. But in the case of PECVD, in contrast, CNTs grew on the smooth surface of
Mo. This result suggests the plasma promoted the Ni catalyst to become fine particles.

Conclusively it  was
demonstrated that a selective
growth of CN'Ts was realized by
controlling the thickness of the
underlayer, and using different
kind of CVD methods.

@ T-CVD (b)PECVD

Fig. 1. i f the boundary betw: tal pattern and substrate.
Corresponding Author: Hiroki Okuyama ig. 1. SEM image of the boundary between metal pattern €
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Carbon Electrode Containing Fe Catalyst
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Carbon nanowires (CN'Ws), which is a one-dimensional (1D) carbon chain inserted
inside a multiwalled carbon nanotube (MWNT), have been prepared by dc arc discharge
evaporation of pure carbon electrode in H, gas”. Here, we show that the evaporation of
carbon electrode containing Fe catalyst by using an arc plasma gun® or hydrogen arc
discharge also results in the formation of CNWs.

Figure 1 shows a typical SEM image taken from the surface of the cathode deposit,
prepared by dc arc discharge evaporation of carbon electrode containing 1 at% Fe
catalyst in H, gas under a pressure of 40 Torr. Many long MWNTs bundles can be seen
in this figure. Although 1 at% Fe catalyst has been added into carbon electrode, energy
dispersion X-ray analyses indicate that no Fe element coexist with these MWNTs. The
Raman spectra obtained by using two kinds of laser sources, 514 and 633 nm, are
shown in Fig. 2. The high-graphitization of MWNTs can be confirmed from their G/D
ratio. The peaks at approximately 1850 cm™ originate from the long 1D carbon chains
inserted inside MWNTSs, and the strong RBM peaks at 328 and 389 cm™ (see the inset)
come from the innermost tubes with diameters of 0.7 and 0.6 nm of MWNTs,
respectively. It can be concluded that the preparation of MWNTSs with very thin central
holes (~ 0.7 nm in diameter) is the essential condition for CNW growth.
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Fig. 1. SEM image of MWNTs. Fig. 2. Raman spectra of MWNTs.
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Coalescence of Cgp peapod is analyzed from high- resolution transmission electron
microscopy at 120 kV. At room temperature, isolated Cg molecules dimerize at a
smaller electron dosage (Fig.1 bottom), while closely-packed Cg molecules preserve
their structure to much higher electron dosage (top). It is expected with a smaller
electron dosage that an injected charge or heat be localized within a molecule, resulting
in a coalescence of Cgy molecules in a peapod with a small dosage. With a shorter
distance among closely-packed Cgp molecules, on the other hand, charge or heat would
be delocalized to adjacent molecules, which stabilizes the Cg structure against electron
irradiation. At higher electron dosage, knock-on damage in addition to the ionization
becomes substantial, resulting in higher coalescences of C¢y molecules in a peapod. A
detailed analysis of radiation damage in Cgp peapod is applied to interpret the stability
of Cq crystal, which shows much higher stability against radiation damage.

2oue)SIp 09

Dose: 5.4 C/em2 &  59.5 Clom? > 6868C/em>  laee
Fig.1 A different sensitivity to the radiation dose in Cgo peapods. The larger the Ceo
distance becomes (top to bottom), the faster C¢y molecules coalesce.
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Large Scale Production of Carbon Nanohorns with High Purity
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Single-wall carbon nanohorns (SWNHs) are a type of single-wall carbon nanotube having
diameters of 24 nm and horn-shaped tips [1], and they form dahlia-like aggregates. Their
unique structures make SWNHSs well suited for various applications such as catalyst support
for fuel cells [2]. SWNH aggregates are produced by CO»-laser ablation of pure graphite in an
Ar-gas atmosphere [1]. The highest SWNH purity previously achieved is about 90% [1,3]. In
this report we describe how we achieved a purity of about 95% by improving the fabrication
equipment.

We modified the CO,-laser ablation apparatus so that a large graphite rod (diameter 100
mm,; length 500 mm) can be inserted and so that the used rod is semi-automatically replaced
with a new one. This enables continuous laser irradiation. We also optimized the laser ablation
conditions. The target rod is rotated at 2 rpm, meaning that the laser spot velocity on the target
surface is about 10 mm/s. The laser power is about 3.5 kW and the spot diameter is 3.5 mm,
corresponding to a laser power density on the target surface of about 30 kW/cm?. As a result,
about 50 g of SWNHs can be obtained from one rod.

Figure 1 shows the results of thermo gravimetric analysis (TGA) of SWNHs obtained with
the improved equipment. The SWNHSs
exhibited a main peak at about 600°C and
a small peak at about 750'C. The 750°C
peak is ascribed to an impurity
component (about 5%) in the form of a
giant graphite ball (GG ball) [3]. Little
amorphous carbon was found. The purity
of the SWNHs was thus about 95%.
Transmission  electron  microscopy
observations confirmed the high purity
and the “dahlia-like” forms of the SWNH
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Mechanism of Plastic deformation of Carbon Nanotubes
OHideki Mori', Shigenobu Ogata®*, Seiji Akita', Yoshikazu Nakayama'*

! Department of Physics and Electronics, Osaka Prefecture University,

1-1 Gakuen-cho, Sakai, Osaka 599-8531, Japan.
*Center for Atomic and Molecula Technologies., Osaka University, Osaka 565-0871,
Japan
3Department of Mechanical Engineering, Osaka University, Osaka 565-0871, Japan
?Handai Frontier Research Center, Graduate School of Engineering, Osaka University,

2-1 Yamadaoka, Suita, Osaka 565-0871, Japan

Getting control over plastic deformation of carbon nanotubes (CNTs) is vital to
prepare functional elements for miniaturized electronic and mechanical devices.
Recently, Nakayama et al. have succeeded in induction of a plastic bend deformation to
double-walled CNTs by applying a current flow.[1] Although many theoretical studies
have been reported in the last decade, a mechanism from a standpoint of
thermodynamics remains obscure. In this work energetics of the plastic deformation of
single-walled CNT is studied.

Stone-Wales (SW) defect is known as a 3"
topological defect of CNTs. The formation of E’:
this defect is an initiation. Then the SW defect NDSW1 2345678
splits into two pentagon-heptagon (p-h) pairsby ,  ©@ 10 T

a rotation of a neighboring bond. This is the first
split step. The two p-h pairs move away each

Energy (eV)

5 ] 5

: ] OW
5k A
-10F -3

other by further bond rotations and the chirality yswi 2345678  Noswio3 45678
. . . Split Step Split Step
in the domain between the two p-h pairs changes © @

. Fig.1 (a) snapshot of a SW defect.
consequently. These steps are the 2nd, 3rd, --- split 3~ potential energy plotted along
step. The separating of the two p-h pairs causes the the path of defect migration with (b)
no-load condition, (c) tensile
condition and (d) bending condition
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plastic bend deformation to carbon nanotubes.

We found that the local strain due to
mechanical loading deformation effectively decreases the activation energy and the
formation energy of the SW defect nucleation and splitting of the defects as shown in
Fig. 1. These theoretical results are consistent with the previous experimental result.
References: [1] Y. Nakayama et al., Jpn J. Appl. Phys. 44 L720.(2005)
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Carbon nanotubes (CNTs) have a bright prospect as the electronic material for
nano-scale devices in the future, and a large number of studies have been made in recent
years. In particular, it is well known that the field effect transistors (FETs) fabricated by
CNTs having semiconducting properties show high ability in terms of the mobility.
However, carriers in pristine CNTs are mostly hole, therefore, CNTs-FETs usually show
the p-type properties. For applying CNTs to electronic devices, it is necessary to control
the both carriers of electrons as well as holes, that is, the electron carrier doping should
be established. As electron carrier doping techniques for CNTs, two major techniques
are generally possible. One is endohedral and the other the exohedral modifications. It
has been known that the doping with alkali metals or organic molecules can change the
properties of CNTs-FET [1,2]. We reported the FET
properties of exohedrally modificated CNTs using e 3

Si-containing organic molecules in the last meeting [3], :«'z‘_ _‘,\j;’f:w ] s
and demonstrated that p-type nanotubes can be 3 i \ ~
converted to n-type ones as shown in Fig.1. In this I _ ,?L
meeting, we will present comparison of the FET """ - w

properties between separated individual and bulk
samples of exohedrally silylated CNTs, and will
discuss the effect of surface silylation on the electronic
states of these CNTs in more detail.

[1] C. Zhou et al., Science, 290, 1552 (2000). [2] T. Takenobu et al., Nature Materials, 2, 683 (2003). [3]
R. Kumashiro et al., The 29™ Fullerene-Nanotubes General Symposium, 3-2 (2005).
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Single-walled carbon nanotubes (SWNTs) have cylindrical structure made of a graphene
sheet, which leads to theoretical predictions of their novel properties, including the
emergence of the Aharonov-Bohm (AB) effect when threaded with a magnetic flux. [1]
Apart from the AB effect observed in nanometer-sized structures of semiconductors, the
AB effect modifies the band structure of an SWNT itself. The modification of the
first-subband gaps in semiconducting SWNTs has been demonstrated through
magneto-optical strudies in magnetic fields to 45 T by Zaric et al. [2] However, no
variations were observed for the second-subband gaps of semiconducting tubes and
metallic tubes, which would be attributed to the innate broadness of the corresponding
absorption peaks. We have conducted interband magneto-absorption study in the visible
light region for highly unbundled SWNTs embedded in gelatine or
carboxymethylcellulose films under high magnetic fields up to 120 T. Absorption peaks
originated from the second-subband gaps in semiconducting tubes and metallic tubes
were observed to split by the application of magnetic fields in parallel to the linear
polarization of the incident light while not in perpendicular to it, which confirms a
manifestation of the AB effect in the band structure of metallic tubes as well as
semiconducting tubes. These observations suggest the magnetic field induced

metal-semiconductor transition in the metallic tubes strongly.

[1] H. Ajiki and T. Ando, J. Phys. Soc. Jpn. 62, 1255-1266 (1993).
[2] S. Zaric et al., Science, 304, 1129-1131 (2004).
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Environmental effects of PL/Raman spectra from suspended SWNTs
QY. Kobayashi', D. Takagi’ and Y. Homma®

INTT Basic Research Laboratories, NTT Corporation, Atsugi-shi 243-0198, Japan
*Tokyo University of Science, and CREST/JST, Shinjuku-ku, Tokyo 162-0825, Japan

Suspended single-walled carbon nanotubes (SWNTs) do not make contact with foreign
materials such as a substrate, and environmental interaction, which affects SWNT
optical properties, is expected to be reduced significantly. We have investigated
optical properties of suspended SWNTs and observed extremely intense signals of
photoluminescence (PL) and Raman spectra [1,2]. In this work, we examined the
environmental effects due to SDS wrapping, Si oxide substrates and bundle formation,
based on PL and Raman spectra obtained from an identical suspended SWNT [2].

The chirality of a specific SWNT grown by CVD between a pair of SiO; pillar can be
determined by the combination of Raman and PL signals from the identical suspended
SWNT. The analysis results are summarized in Fig.1 as the relation between the
chiralities of each SWNT and RBM frequencies. The RBM frequencies can be better
fitted using the equation RBM freq. o[cm™]=223.5/diameter d[nm]+12.5, which is
based on the results for SDS-wrapped SWNTs [3], rather than the equation ®=248/d,
which is derived from the results on Si oxide substrates [4]. In other words,
environmental effects in Raman spectra are very strong for oxide substrates and cause
higher frequency shifts of the RBM signals but are negligible for the SDS wrapping.
The latter result for SDS wrapping makes sharp contrast with the PL spectra, in which
all of the PL peaks from SDS-wrapped SWNTs [1-3] are clearly shifted from that of
suspended SWNTs. This indicates that SDS wrapping has a significant environmental
effect on PL spectra compared with Raman spectra. The observed systematic shift to
lower RBM frequencies due to bundle formation by about 5 cm’ is quite contrary to the
theoretical prediction [5] and also intuitive expectation. These results indicate very
complicated features of environmental effects.

250t "o calcmiT (11,3)
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Fig.1: Relation between analyzed chiralities of individual (solid circles) and bundled
(solid squares) suspended SWNTs and RBM frequencies observed from them.
Calculated frequencies based on refs.[3,4] are also plotted for comparison.
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Defects in single-wall carbon nanotubes (SWNTs) significantly affect the physical
properties of SWNTs. Evaluating and controlling of the defects in the SWNTs are very
important for characterization and nanotechnological application of the SWNTs. Resonant
Raman spectroscopy has been shown to be a powerful tool for characterizing the structure of
SWNTs. In the Raman spectrum of the SWNTs, defect-induced Raman band (so-called D
band) is observed at ~1350 cm™'. It is known that defect-induced D band originates from the
double resonance process. However, the structure of the defect related to the D band
formation is not understood yet. In this study, we investigate the defects in SWNT bundles
due to the laser irradiation using the resonant Raman spectroscopy.

The SWNT bundles using in this study were produced by electric arc discharge
method. A catalyst with a 1:1 Ni:Y atomic ratio was used in the synthesis. Laser irradiation
was carried out with pulsed KrF excimer laser (LAMBDA .physic, COMPEX 205). The
Raman spectra were acquired on a micro-Raman system (NRS-1000, JASCO) composed of
an optical microscope (X 100 objective), a holographic notch filter, a single-grating
spectrometer (1800 gr/mm grating) and an air-cooled charge-coupled device(CCD) detector.
The spectra excitation was provided with a Nd;YVOj laser of a wavelength of 532 nm. The
excitation laser power in the focal spot of about 1 1 m in diameter was kept below 0.02 mW,
which corresponds to an average laser power density of 2 kW/cm?. The measurements were
performed using a back-scattering geometry.

Raman spectra of SWNT bundles including RBM, D band and G band were
obtained before and after irradiation (Fig.1). The intensity of the D band relative to the G
band (Ip/lg)  being  roughly -,
proportional to the amount of the i
disordered sp’ carbon is about 0.01
before irradiation. The 1p/I¢ increased
five-fold after irradiation. This
indicates that the defects were
introduced to the SWNTs by laser
irradiation. In the meeting, the
characteristic of the defects will be
discussed by comparing TEM
images.

G band

before irradiation
.............. after irradiation

D band

j‘
Corresponding Author: Masaru Tachibana — |

200 1200 1400 1600 1800

Relative Intensity (arb. units)

E-mail: tachiban@yokohama-cu.ac.jp N
Tel&Fax: +81-45-787-2307 Raman Shift (cm™)

Fig.1 Raman spectra of the SWNT bundles before and after
irradiation. The laser irradiation was provided with pulsed
KrF excimer laser (150 mJ/pulse at 248 nm).
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Optical Properties of Double-Walled Carbon Nanotubes

OTaro Ueno™?, Shingo Okubo’, Tsuneaki ijaharal, Shinzo Suzuki“, Yohji Achiba‘,
Toshiya Okazaki’, Kazuhito Tsukagoshi’, Hiromichi Kataura®'

1. Department of Physics, Tokyo Metropolitan University, 192-0397, Tokyo
2. Nanotechnology Research Institute, Advanced Industrial Science and Technology (AIST),
305-8562, Tsukuba
3. Research Center for Advanced Carbon Materials, AIST, 305-8562, Tsukuba
4. Department of Chemistry, Tokyo Metropolitan University, 192-0397, Tokyo
5. RIKEN, 351-0106, Wako

Abstract:

Double walled carbon nanotube (DWCNT) is a multi-walled carbon nanotube
(MWCNT) that has the lowest number of layers. While most of MWCNTs have
incomplete carbon layers, DWCNTs have closed cylinder structure like single-walled
carbon nanotubes (SWCNTs). Thus DWCNTs can be regarded as an ideal material to
see interlayer interactions in carbon nanotubes. To date, many groups have synthesized
double-walled carbon nanotubes (DWCNTSs) by catalytic chemical vapor deposition
(CCVD) technique. In most cases, however, as-grown sample contains SWCNTs as
impurities. Since SWCNTs show much more intense optical response than muiti-layered
nanotubes, it is very important to remove SWCNTs to see intrinsic physical properties
of DWCNTs.

In this work, high-purity DWCNTs sample was realized by a simple production and
purification procedures. DWCNTs containing SWCNTs sample was produced by
CCVD method using Fe catalyst and was purified by a simple treatment. Finally we
obtained high-quality bucky paper of DWCNTs just like the bucky paper of DWCNT by
Endo’s group [1]. Raman spectra and optical absorption spectra of the DWCNT will be
discussed.

References:
[1] M. Endo et al. Nature 433 (2005) 476.

Corresponding Author: Hiromichi Kataura
E-mail: h-kataura@aist.go.jp
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Lithium Ion Storage Property of Peapod
OS. Kawasaki®, Y. Iwai®, I. Watanabe®, H. Kataura®

®Nagoya Institute of Technology,
Gokiso, Showa, Nagoya 466-85535, Japan
® National Institute of Advanced Industrial Science and Technology,
Central 4, Higashi 1-1-1, Tsukuba, Ibaraki 305-8562,

Single-walled carbon nanotube (SWNT) bundle having ordered porous structure is
one of the good candidates as new anode materials for lithium ion secondary battery.
However, according to a recent paper[1], tube interior does not act as an efficient site
for the lithium ion storage. If lithium insertion inside the tube will be possible, the
storage capacity of SWNT bundle will be much improved. Cep-peapod, a SWNT
including Cgp molecules inside the tube, has a different tube interior environment from
empty SWNT. In this study, we report on the storage capacity of the peapod sample.

SWNT samples used in the present study were prepared by laser-ablation method.
The tube diameter was estimated to be 1.35-1.45 nm by Raman scattering (JASCO,
NRF-2200) measurement of radial breathing modes (RBM), by TEM (JEOL,
JEM-2010) and XRD (Rigaku, RINT-2200) measurements. For the preparation of
Ceo-peapod sample, after decapping the SWNTs, Cgp molecules were introduced into
tubes by heating Cgyp powders with SWNTSs in a sealed quartz tube. The Cgo-occupancy
of the pods was estimated to be more than 80% by the decrease of (10) XRD diffraction.
The discharge-charge (DC) experiments were performed using three electrode
configuration. The peapods and SWNTs were used as the working electrode and Li

metal is used as the reference and counter electrodes.

1 M LiClOy4 solution in 1:1 ethylene carbonate and

diethyl carbonate mixture was used as the elctrolyte.
The potential profile of the peapod sample from

g

Potential / mV

the galvanostatic DC experiment is shown in Fig. 1.
The reversible capacity is about 210 mAh/g and is
about 1.3 times greater than that of the empty SWNT
sample. In the symposium, we will also discuss the

: =1
lithium ion storage site. Copacity/mAng
Fig. 1 DC curves of the peapod

[1] S. Komiyama et al., Tanso, 25 (2005). sample.
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Energetics of Graphene Intrinsic Defects
Kazuaki Yamashita and OMineo Saito

Division of Mathematical and Physical Science, Graduate School of Natural
Science& Technology, Kanazawa University, Kakuma-machi, Kanazawa 920-119

Graphenes as well as carbon nanotubes recently attract much attention since they are
candidates for nano device materials. To achieve nano devices, control of defects is very
important as in the case of silicon technology. Compared with conventional silicon
device, the effect of defects is expected to be very serious because of the low
dimensional conductivity. Therefore, the study of defects in carbon materials is invoked.

In this paper, we perform first principles calculations on fundamental intrinsic defects,
mono- and di-vacancies and mono- and di-interstitial (adatom) defects. It is found that
the divacancy forms pentagon-octagon-pentagon structure and is very stable. The
reaction, 2V—V, is found to be exothermic and the reaction energy is very large
( 7.71 V). Since the divacancy is very stable, its migration energy is expected to be
higher than that of monovacancy. So, we speculate that the divacancy is experimentally
detectable in some temperature range.

In the most stale di-interstitial structure, two adatoms make bonds to graphene sheet
and form two pentagons. Because of this pentagon formation, the di-interstitial defect is
found to be stable, i.e., the reaction, [+I—I, is exothermic and the reaction energy is
very large (6.0 eV). We thus expect that the di-interstitial defect is detectable in some
temperature range. Since the migration energy of mono-interstitial defect is expected to
be lower than that of mono-vacancy, the temperature at which the diinterstitial defect is
detected is lower than that at which the divacancy is deteced.

Corresponding Author: Mineo Saito

E-mail: m-saito@cphys.s.kanazawa-u.ac.jp
Tel&Fax: +81-76-264-6132
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Suspended SWNTs Functionalization with DNA and Metal Nanoparticles
O G.-H. Jeong', T. Matsumoto?, S. Suzuki', Y. Kobayashi', and Y. Homma®

I'NTT 4Basic Research Laboratories, NTT Corporation, Atsugi, Kanagawa 243-0198, Japan
? Dept. of Physics, Tokyo University of Science, Tokyo 162-8601, Japan

We have performed nanotube functionalization to create nanotube-based novel hybrid
structures that can be applied to biosensors and electronic devices. DNA and Au nanoparticles
(NP) were selected for nanotube functionalization due to their specific assembling property.

Suspended single-walled carbon nanotubes (SWNTs) were synthesized using ferritin
molecules by CVD [1], and functionalized by amide coupling process [2]. Thiolated single-
strand DNA (ss-DNA, 15 mer) was used for coupling with Au NP (5-nm diameter). Finally,
SWNTs were modified with Au NP [Figs. 1(a), (b)] or Au/ss-DNA [Fig. 1(c)]. The density of
Au NP along the SWNTs was controlled by the time of the amide coupling. In contrast to the
Raman result of pristine tubes, additional peaks, which should not be resonant with a probe
laser (633 nm), appeared in the frequency region of radial breathing modes (RBM) after Au
NP attachment [Fig.2]. Surface-enhanced Raman scattering effects induced by the Au NP may
play a significant role in the appearance of these non-resonant RBM signals. A peak-intensity
change of RBM and D-bands in Raman spectra and change of electronic transport properties
from the SWNTs/Au/ss-DNA suggest the possibility of functionalization by Au NP and DNA,
and further applications for electronic devices and sensors.

We would like to thank Prof. H. Yoshimura at Meiji University for the ferritin supply.
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Fig. 1. (a), (b) Different Au NP density on Fig. 2. Statistical distribution of observed RBM signals
SWNTs surface. (¢) SWNTs/Au/ss-DNA hybrids. measured before/after Au functionalization.

[1]1 G -H. Jeong et al., J. Am. Chem. Soc., 127, 8238 (2005).; J. Appl. Phys., in press.
[2] G. -H. Jeong et al., Abstracts of the 28" Fullerene-Nanotubes Symposium, 3P55, 2005.
Corresponding author: jeong@will.brl.ntt.co.jp, Tel: +81-46-240-3564, Fax: +81-46-240-4718.
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AFM imaging of wrapped multi wall carbon nanotube in DNA
(OHirotoshi Takahashi, Shigenori Numao, Shunji Bandow, Sumio Iijima

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

Wrapping of multi wall carbon nanotubes (MWNTs) in deoxyribonucleic acid
(DNA) was carried out. MWNTs used in this study was prepared by using RF plasma
method" in a mixture flow of Ar (20 /min) and H; (3.1 V/min) at 460 Torr. Method for
wrapping is follows: first we prepared aqueous solutions of DNA and MWNTs
separately with nearly equal concentration of ~10 pg/ml. Then, a few drops of DNA
solution were put into the MWNT solution and the mixture was shaken several times.
After leaving for 2 days, several droplets of suspension were spin-coated onto a highly
oriented pyrolytic graphite (HOPG) substrate. For control experiments, we also
prepared samples of pristine MWNTs and DNA by the spin-coat. Fig. 1 is AFM
images. Here, in (a), we can only identify the agglomerated form of DNA molecules
deposited on HOPG substrate like as the dot structures. Most of the isolated dots have
nearly the same size with ~25 nm in width and ~1.3 nm in height. Therefore, we
consider that DNA molecules agglomerate together in the water and form spongy
spherical structure. From Fig. 1b, it can be found that the surface of pristine MWNT is
fairly smooth. In Fig. lc, we cannot see any dot structured DNA assemblies on the
surface of MWNT unlike as shown in Fig. 1a. Instead, we can see arch-like structured
material adhering to MWNT as indicated by the arrow in Fig. lc, which implies a
disentangled structure of DNA molecules”. From these facts, we suggest that the
DNA molecules agglomerate and form spongy spherical structures in the water, and
these agglomerated DNA molecules are disentangled and immobilized on the MWNT
surface when we only soak MWNTs in the DNA solution.

Fig. 1. AFM images (400X400 nm?) taken for (a) DNA, (b) pristine MWNT, and (c)
DNA-wrapped MWNT on HOPG

References 1) A. Koshio, M. Yudasaka, S. Iijima, Chem. Phys. Lett. 356, 595 (2002).
2) H. Takahashi, S. Numao, S. Bandow, S. [ijima, Chem. Phys. Lett. in press.
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DERIVATIZATION OF SWCNT AND VGCF
BY A RADICAL ADDITION REACTION

Takahiro Gunji, Minako Akazawa, Koji Arimitsu, and Yoshimoto Abe

Department of Pure and Applied Chemistry, Faculty of Science and Technology,
Tokyo University of Science
2641 Yamazaki, Noda, Chiba 278-8510 Japan

Single wall carbon nanotubes (SWCNTs) and vapor growth carbon fibers (VGCFs)
exhibit many unique mechanical and electrical properties. The application of SWCNTs and
VGCFs have been limited up to now because of their low ability of dispersion in matrices.
The demerit in dispersion would be improved by the functionalization of SWCNTs and
VGCFs. Up to now, several derivatization approaches on the sidewalls of SWCNTs have been
successful, such as hydrogenation, fluorination, addition of azomethine ylides, ozonization,
electrochemical reduction of aryl diazonium salts, and addition of peroxides. In this work, the
reaction of azo-type radical initiators with SWCNTs or VGCFs was examined to derivatize
SWCNTs and VGCFs with good solubility in solvents by the simple and clean process,
according to the equation (1).

. VGCFs (40 mg) were placed R NN R NC ROR CN
in a flask and o-dichlorobenzene CN CN )
(120 mL) was added. 2,2- NG CN
Azobis(isobutyronitrile) (1.2 g) or SWCNT R=Me (AIBN) R R

VGCF CH,CH,COOH (ACVA)

4,4'-azobis(4-cyanovaleric  acid)
(ACVA) (2.0 g) was added. Then, the mixture was heated for 4 h at 80 °C (for AIBN) or 130
°C (for ACVA) then another 4 h at 130 °C (for AIBN) or 150 °C (for ACVA). Afier filtration
by using membrane filter, the residue was washed three times by tetrahydrofuran. The residue
was dried to provide derivatized VGCFs.

When standing several hours a mixture of VGCFs, o-dichlorobenzene, and AIBN,
VGCFs were precipitated and the upper layer was clear and transparent because VGCFs are
insoluble in o-dichlorobenzene. The upper layer of the solution was colored in black after
heating, which suggests the reaction of AIBN with VGCFs. After filtration of the reaction
mixture, black fibers were recovered. The amount of addition of isobutyronitrile radical to
VGCFs was calculated based on the weight of crude products and thermogravimetric analysis.
This product was mixed with organic solvent such as methanol, tetrahydrofuran, and
chloroform and then subjected to the sonication to provide a dispersion of derivatized VGCFs
in organic solvents.

The reaction of ACVA with VGCFs was carried out by heating a mixture of VGCFs,
o-dichlorobenzene, and ACVA. A paste-like product was precipitated at the bottom and wall
of the flask with the increase in the heating time. After filtration of the reaction mixture, black
fibers were recovered. The ability of dispersion of the derivatized VGCFs was monitored by
the color of the upper layer of the mixture after standing for 48 h. The derivatized VGCFs
were well dispersed in water. Ultra violet and visible spectrum of the filtrate of the dispersion
in water suggests the dispersion of derivatized VGCFs with the length of ca. 300 nm

Corresponding author: Takahiro Gunji
e-mail gunji@rs.noda.tus.ac.jp tel +81-4-7122-9499 fax +81-4-7123-9890
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Separation of Semiconducting and Metallic Single-Walled Carbon
Nanotubes using a Long-Chain Benzenediazonium Compound

O Shouhei Toyoda!, Yasuhiko Tomonari?,
Masataka Hiwatashi’, Hiroto Murakami’, and Naotoshi Nakashima

IDepartment of Applied Chemistry, Faculty of Engineering, Kyushu University,
744 Motooka, Nishi-ku, Fukuoka 819-0395, Japan, ‘?Department of Science and Technology,
Graduate School of Material Science, Nagasaki University, Nagasaki, 852-8521, Japan

Very recently, considerable attention has been focused on the separation of metallic and
semiconducting SWNTs. The combination of chemical modification and physical adsorption
on SWNTs has been reported to be useful for the separation. Strano et al.' reported an
interesting method to separate metallic and semiconducting SWNTSs, in which the separation
is based on the difference in the reaction rates of 4-chlorobenzenediazonium tetrafluoroborate
toward metallic and semiconducting SWNTs that are dissolved individually in an aqueous
micelle of sodium dodecylsulfate.

We have modified their methods. We synthesized a double-chain benzenediazonium
tetrafluoroborates (1) and reported the separation of semiconducting and metallic SWNTs.”
Here, we synthesized long single-chain benzenediazonium tetrafluoroborates (2). Aqueous
solutions of the compound was added to individually dissolved SWNTs in an aqueous
solution of sodium cholate. By using the kinetically controlled reaction of SWNTs and the
compounds, we examined the separation of metallic and semiconducting SWNTs.

\/\/QOON;BF; \/\/\/\/\/\/O@—N;BF ,
M 05
References
1) M. S. Strano, C. A, Dyke, M. L. Usrey, P. W. Barone, M. J. Allen, H. Shan, C. Kittrell, R. H.
Hauge, J. M. Tour, and R. E. Smalley, Science, 301, 1519 (2003).
2) N. Nakashima, Y. Tomonari, H. Murakami, The 28" Fullerene-Nanotubes General

Symposium, Nagoya, p.41, 2005.
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Excellent field emission from camphor-grown carbon nanotubes

OKyohei Yasuda', Mukul Kumar!, Yoshinori Ando', Mineo Hiramatsu®
lDepartment of Materials Science and Engineering, Meijo University, Tempaku-ku, Nagoya 468-8502, Japan
2Department of Electrical and Electronic Engineering, Meijo University, Tempaku-ku, Nagoya 468-8502, Japan

During the last few years, camphor has emerged as an efficient carbon nanotube (CNT)
precursor. Camphor-grown CNTs (CGCNTs) have low amorphous carbon and extremely low
metal impurity, and raw material-to-product yield is very high [1]. The only drawback is that
CGCNTs consist of a lot of pentagonal defects. However, this demerit becomes a merit when
it comes to extract field emission from CNTs. It has been well established that CNTs are
excellent field emitters by virtue of the localized density of states at pentagonal sites.

MWNTs grown from camphor with 1 wt% ferrocene catalyst have shown appreciable
field emission properties [2]. With continued efforts on optimization of catalyst concentration
at the growth stage, we have been able to reduce the turn-on field down to 0.6 V/um
(corresponding to an emission current density of 10 uA/cmz) and threshold field down to
3 V/um (corresponding to an emission current density of 10 mA/cm®). Thus CGCNTs meet
technologically demanded field emission characteristics. As far as stability is concerned, we
held the emission current density at 1 mA/cm® and monitored for 72 hours at a constant
applied field; there was no appreciable fall in current. Hence we hope it has a good stability.
More study is underway.

15
—4— 1st up
Z —— 1st down
g 10+ 8 1L i Ond
8 g s Znd up
% ﬁ —&—2nd down
& E
= £ s
O
0 —t
6 8 10
Electric Field (V/pm)

Fig. 1 Field emission plot of as-grown MWNTs
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Novel Photosynthetic Model Nanohybrids Composed of
Single-Walled Carbon Nanetube Functionalized with Porphyrinic Peptides

OKenji SAITO,® Nathalie SOLLADIE," and Shunichi FUKUZUMI*

* Department of Material and Life Science, Division of Advanced Science and
Biotechnology, Graduate School of Engineering, Osaka University, SORST, Japan Science
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In natural photosynthesis, one reaction center is associated with a number of light harvesting
units in which the harvested light energy is efficiently transferred to the reaction center.
Extensive efforts have so far been devoted to construct artificial photosynthetic reaction
centers. Carbon nanotubes and, in particular, single-wall carbon nanotubes (SWNT), have
recently attracted much attention as potentially useful materials to construct donor-acceptor
nanohybrids. However, artificial photosynthetic model systems containing SWNTSs and light
harvesting moieties, which can cause energy transfer processes, have yet to be developed
because the attachment of such antenna moieties to SWNTs has been very difficult.'

We report herein that a-herical porphyrin-peptide hexadecamer which contains 16
porphyrins (P(H,P),¢) forms supramolecular assembly with full-length SWNTs (Figure 1).

The purification procedure of SWNTs (Carbon Nanotechnologies, Inc.) was adopted from
the reported procedure.” The reaction between P(H,P),, and purified SWNTs was carried out
by heating a DMF mixture of the two at 100 °C. After .
centrifugation at 15000 rpm, the centrifuged solid was pu e “)1;'*0/{\
resuspended in DMF. Unreacted SWNTs were
separated by 20 minutes of centrifugation at 5000 rpm. oM

The stable dispersion of P(H,P),/SWNTs nanohybrids -%
was confirmed by the visible-near-infrared (vis-NIR)
absorption spectrum as shown in Figure 2. Importantly,
the SWNTs’ van Hove singularities, which fall into
groups of metallic transition (i.e., E,;) in the 500-600
nm range and of semiconductor transitions in the Figure 1. Structure of porphyrin-peptide hexadecamer.
600-900 nm (i.e., E,, semiconductor transitions) and
also in the 1000-1500 nm regions (ie., E; 15r
semiconductor transitions) are discernable in
P(H,P),/SWNTs. We report herein the photophysical
properties and  structural characterization in
P(H,P),/SWNTs nanohybrids.
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Photoinduced Electron-Transfer Reduction of
Cup-Stacked-Type Carbon Nanotube
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Carbon nanotubes (CNTs) is studied in a variety of fields such as chemistry, physics, and
material engineering because of the electronic and mechanical properties that derive from the
unique structure. These properties depend on the length, diameter and chirality of CNTs.
However, CNTs are produced as the mixtures that vary in length, diameter and chirality. In
addition, the accurate separation method has yet to be well established. In this study, we
focused on cup-stacked-type carbon nanotubes (CSCNTs) as a novel type of CNTs. CSCNTs
have large hollow core, and form the unique structure which stacked the cup moieties.' The
length and diameter of each cup moieties are ca. 50 nm. We report herein that the cup-stacked

structures of CSCNTs are electrostatically disassembled Bz
by the electron-transfer (ET) reduction. N,
The reduced species of CSCNTs were produced by the HZNOCﬁfrco,\".|2 "
photoinduced electron-transfer (PET) reduction with an N
NADH dimer analog [(BNA),] under photoirradiation (A Bz
> 340 nm) as shown in Scheme 1. (BNA), CSCC(;'J: 2
Figure 1 shows the UV-visible spectral change LA @ + 8
observed in the PET reduction of CSCNTSs with (BNA), wor 3 BSA
in dearated MeCN. The absorption band of (BNA), at BNA*

. . . Scheme 1. PET reduction of CSCNTs.
348 nm decreased, accompanied by increase in the new

absorption band at 260 nm due to the BNA*. The PET 3
from (BNA), to CSCNTs gives (BNA),”. This step is
followed by a fast cleavage of the C-C bond of the
dimer to produce BNA' and BNA*. The subsequent
second ET from BNA® to CSCNTs should be much
faster than the first, as BNA" is a strong reductant. Thus,
once PET from (BNA), to CSCNTs occurs, two

BNA* I CSCNTs
suspension

Absorbance
N
0

T

N
T

\

equivalents of CSCNTs are reduced. The formation of N
the reduced products was confirmed by ESR | 77 ~---___N |
spectroscopy. The structural characterization of the 200 250 300 350 400 450
disassembled species produced by the PET reduction Wavelength, nm

Figure 1. UV-vis spectra observed in the
has been performed by SEM, TEM, AFM and raman photoreduction of CSCNTS by (BNA),
spectroscopy. (1.0 x 10* M) in deaerated MeCN.
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FT-ICR Study of Reaction of Cobalt Clusters with
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SWNTs are expected for various applications for extraordinary physical and chemical
characters based on the unique geometric structure. As for the macroscopic generation, the
ACCVD technique appears to be one of best synthesis methods [1]. However its synthetic
mechanism has not yet been made clear, hence the fundamental research is necessary for
generation of better quality SWNTSs. In order to investigate the initial reaction of alcohol or
hydrocarbon with a metal nano-particle, we have been studying the chemical reaction of
transition metals clusters by FT-ICR (Fourier Transform Ion Cyclotron Resonance) mass
spectrometer with laser-ablation supersonic-expansion cluster beam source [2]. Our previous
FT-ICR studies have compared the reactivity of Fe, Co, and Ni clusters with ethanol. The
dehydrogenation process on Co clusters was studied in detail by using isotopically modified
ethanol. The dehydrogenation reaction was observed only in the limited size range of Co
clusters i.e. Cojz ~ Coy7. On the other hand, all the tested Ni clusters tested always showed
immediate dehydrogenation reaction, whereas such reaction was not observed for Fe clusters.
Among these transition metals, cobalt clusters are studied to gain better insights on the initial
reaction of catalysts with carbon containing molecules.

In this paper, we have explored the basic reaction mechanisms of relatively large catalyst
clusters of cobalt with ethanol, Number of Cobalt Atoms Number of Cobalt Atoms
methane, ethylene and diethyl ether B__ m  ml n [ e 1ten
which are commonly used as carbon e | e
source for SWNTs generation. Fig. 1 L
shows mass spectra of reaction of
cobalt clusters with ethylene and
diethyl ether (RT, 1210%torr). For
ethanol, ethylene and diethyl ether, the (@30 ‘ ; oo
dehydrogenation  reactions  were | l 1 l [
observed. Furthermore, not only one om0 = ,,4'0 : W‘%ﬁs““%
molecule, but a few molecules Mass (amu) Mass (amu)
adsorption to cobalt clusters were (a) Ethylene (b) Diethyl ether
observed.

(6) 6.0 sec
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Fig. 1. FT-ICR mass spectra of reaction of Co clusters
with (a) ethylene, (b) diethyl ether.
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Preclinical Safety Evaluation of Fullerenes: Acute Oral Administration and
Mutagenic Studies

OYuki Fujimoto’, Hiroya Takada', Tomohisa MoriZ, Kenji Matsubayashil, Shinobu Ito,
Nobuhiko Miwa® and Toshiko Sawaguchi’

"Vitamin C60 BioResearch Corporation, c/o Mitsubishi Corporation,
Chiyoda-ku, Tokyo 100-8086, Japan
ZDepartment of Legal Medicine, Tokyo Women's Medical University, 8-1 Kawada-cho,
Shinjuku-ku, Tokyo 162-8666, Japan
3Laboratory of Cell-Death Control BioTechnology, Faculty of Life and Environmental
Sciences, Prefectural University of Hiroshima, Shobara, Hiroshima 727-0023, Japan

Fullerenes characterized as an antioxidant are believed to reduce various reactive
chemical species, such as free radicals, and their characteristic features have been disclosed to
furnish many useful pharmatherapeutic technologies [1,2]. Despite the numerous applications
for the biological efficacy of fullerenes, less is known about the toxicity of fullerenes in
mammals. Hence, the protocol was designed to determine the acute oral median lethal dose
and evaluate the acute toxicity of fullerenes when administrated as a single dose to
Sprague-Dawley rats. In an acute toxicity test, fullerenes were administered once orally to a
single group of male and female at a dose level of 2000 mg/kg. No deaths were observed and
the body weights in both sexes of 2000 mg/kg group increased in a similar pattern to the
control group. Genotoxicity of fullerenes was also assessed in a bacterial reverse mutation
assay (Ames test) and the chromosomal aberration test in cultured Chinese hamster lung
(CHL/IU) cells. Although structural chromosomal aberrations were induced at up to 5000
pg/mL, there was no significant increase in the frequency of chromosomal aberrations at any
dose level regardless with or without metabolic activation. Fullerenes did not cause genetic
damage in Salmonella typhimurium TA100, TA1535, TA98 and TA1537 and Escherichia coli
WP2uvrA/pKM101. ,

The excellent preclinical safety profile of fullerenes has been born out in a series of
standard preclinical evaluation. These results indicate that fullerenes were not considered to be
of toxicological significance. The fact strongly supports the promising medical application of
fullerenes.
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2-13

1P-17

3p-21

2P-48

2P-37

3P43

1P-24

1P-4

1P-41, 2P-43, 3P-36
1P-28, 2-3, 2P-10,
2P-27, 2P-42, 3-2,
3P-33

2P-5, 3P-6

3p-21

1P-38, 1P-47, 3P-32
2P-8

1P-6, 2-9

3p-4, 3P-44

3P-31

3P-17

3p-37

2P-5

1P-46, 2P-47

2-12

3P-19, 3P-23

3.9

2P-12



Takasaki Mikihiro
Takata Masaki
Takei Fumio
Takematsu Yuji
Takemura Yuta
Takenobu Taishi
Takeuchi Kazuhiro
Takeuchi Kazuo
Takeyama Shojiro
Takikawa Hirofumi
Tamiya Eiichi
Tamura Goshu
Tamura Ryo
Tanaike Osamu
Tanaka Hiroyoshi
Tanaka Kazuyoshi
Tanaka Ryota
Tanaka Takatsugu
Tanaka Teruyuki
Tani Kentaro
Tanigaki Katsumi
Tanioku K.
Tategaki Hiroshi
Terada Y.

Terauchi lkuya
Tobe Yoshito
Tohji Kazuyuki
Toida Tatsuo
Tokumoto Hiroshi
Tokumoto Madoka
Tomikawa Takako
Tomiyama Tetsuo
Tomonari Yasuhiko
Touhara Hidekazu
Toyoda Shouhei
Toyota N.
Tsuchida Satoru

Tsuchiya Takahiro

Tsuji Hajime
Tsuji Masaharu

1P-46

2P-9

1P-42

1P-11

1-16

1P-17, 3-9

3P-11

1P-6

3P-30

2P-34

3P-14

2P-33

2P-36

3-6

2P-35

1P-40, 2P-41
2P-16

1p-8, 2-7

2P-48

1P-43

2P-13, 3P-16, 3P-29
2P-29

3P-4

2P-37

2P-9

2-11

1P-26

3p-2

1P-5, 2P-24

3-8

1-7

1P-13

3P-39

3-7

3P-39

2P-39

2P-14, 2P-15
1P-9, 1P-10, IP-11,
1P-12, 2-1, 2-2, 2P-1,
2P-11, 2P-12, 3P-1,
3p-11, 3P-12
2P-17

1P-46, 2P-47, 3-3,

Tsukagoshi Kazuhito

Tsumoto Hiroki
Uchida Katsumi

Uchida Kazuhito
Uchida Takashi
Uehara Naoyasu

Ueno Taro

Umeda Rui

Umemoto Hisashi
Usami Hatsuhiko
Wakabayashi Tomonari
Wakahara Takatsugu

Watanabe Hiroto
Watanabe Tkumi
Watanabe Kenichi
Watanabe Miki
Watanabe Satoru
Xu Guochun

Xu Wei-Chun

Y. A. Kim

Yajima Hirofumi

Yamada Michio
Yamada Takayuki
Yamada Takeo
Yamamoto Hiroshi
Yamamoto Kazunori
Yamashiki Tomoya
Yamashita Kazuaki
Yamaura Tatsuo
Yanagi Kazuhiro
Yano Taka-aki
Yase Kiyoshi
Yasuda Kyohei
Yasuda Toshio
Yokoi Hiroyuki

Yomogita Akinori
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3P-20

2P-30, 2P-42, 3-9,
3P-33

2P-5, 3P-6

3p-2, 3P-3, 3P-19,
3p-23

3P-30

1P-38, 3P-32

3-3, 3P-20

2P-42, 3P-33

2-11

1P-13, 2P-9

1-9

2-11, 3P-18

1P-9, 1P-10, 1P-11,
1P-12, 2-1, 2-2, 2P-i,
2P-11, 2P-12, 2P-24,
3p-1, 3P-11, 3P-12
2P-6, 3P-7

3pP-34

1P-2

1-7

1P-4

2P-34

3-5

3-7

3p-2, 3P-3, 3P-19,
3P-23

1P-12, 3P-12

2-4

2P-20, 3-6

1P-44, 3P-24
1P-18

29

3P-35

2P-34

1-14, 2P-30

1-3

1P-16

3P-40

1P-5

3P-30

2P-12



Yongfu Lian
Yorimitsu Hideki
Yoshida Hiromichi
Yoshida Yuji
Yoshikawa Kazuo
Yoshikawa Masahito
Yoshikuni Masato
Yoshimatsu Daisuke
Yoshimura Akihiko
Yoshimura Daisuke
Yoshimura Hirofumi
Yoshitake Tsutomu
Yoza Kenji

Yudasaka Masako

Yuge Ryota
Yumura Motoo
Zhao Xinluo
Zhao Yanli
Zhong Yu-Wu

2p-24

1-15, 1P-32

2p-22, 2P-37

1P-16

2P-34

1P-20

1P-44

3P-43

1P-47

2-5

1P-47

3p-27

1P-10, 2-1

1-15, 1P-31, 1P-32,
1P-33, 2P-18, 2P-20,
3-7, 3p-27

1-15, 1P-31

1P-39, 2P-20, 3-5, 3-6
1P-29, 3P-21, 3P-25
2P-25

2P-4
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C13RERMLIFERCE607T—L > (99%)
C13RTERMLABHRCT077—L> (98%)
Ki&1#C60CHCOOH, /K &14#C60 (OH) n  n=22~26
7K3=1$C60 (H) NH (CH2) 5COONA
C60H3677—L>.C60F3677—L > Anti-HV7F—L >
Gd@C82&ENE 77—l >.La@C82&EBRN@TF7—L
(60) PCBM (Phenyl C61 Butyric Acid Methyl Ester 99.5%)
(70)PCBM [Phenyl C71 Butyric Acid Methyl Ester 99.0%)
NAFTYyRCe07 0t N1 F)yRC60T/ IVt
C60-Pt7>—L>/.C60-Fe77~L > .C60-Ni7T—L>
Carbon Nano Paper, Aligned Carbon Nanotube Array
Carbon Nanotube based field emission X-ray tube
Vertical aligned MWCNT (3~30micron)

Electron field Emmission Cathode, C60 film

Triode Cathode ATC Series, C60C (COOE+) 2

Carbon Nanotube AFM tip, C60 (C (COOE+)) 2

Carbon Nanofiber, C60Br24, C76, C78, C84, C86

SWNT-COOH, purified (70-80%)

SWNT-NH, purified (70-80%)

SWNT-CONH-C1sHaz, purified (70-80%)
SWNT-COO-R-OH (2-5% rpynn)

Shorted SWNT-COOH, purity 90%, length 200-500 nm
Shorted SWNT-NH., purity 90%, length 200-500 nm
Shorted (200-500 nm) SWNT-COO-R-OH (5-10% group)
Solutions of functionalized SWNT in different solvents
Substituted pyrrolidinofullerene derivatives

Lower bulk density SWNT-COOH, purified (70-80%)
DWNT (double walt CNT), 20-30% purity, 3~5nm
DWNT (double wall CNT}, 90% purity, 140nm
Compounds, Elements

Single-Metal Oxides

Multi-Metal Oxides

Nano-Wire Powders

Particles: MoSz, CrOs, Hgl= (alpha- & Beta-) : Diamond Abrasive: <50nm, <100nm, <200nm, <250nm,
<500nm, 200-400nm, <1um: Graphite: 15,000 mesh, 10,000 mesh.

Nanowires (Diameter ~100nm, L=~1-2um): Si, Ga, Bi, InP, GaP, ll-VI compounds.

Composite particles: Dropped, shelled, & cored metals/oxides like Ag/SiO2 core<100nm.

Coated particles: Surfacants on oxides, or Metals,

Shorter length CNTs: 0.5um (SWNTs, MWCNTSs) , 5um (more easily dispersible) .

SWNTs, MWNTSs surface funcationized with -COOH

SWNT

_MWNT (regular)

| MWNT(short) =

Closed SWNT 50-70%
Open SWNT 90%

MWNT (Aligned)

95+%, OD/ID: <8/2-5nm

95+%, OD/ID: <10/2-7nm
95+%, OD/ID: 3-20/1-3nm
95+%, OD/ID: 8-15/3-5nm

95+%, OD/ID/L: 8-15/3-5/500nm

95+%, OD/ID/L: 10-20/5-10/500nm
95+%, OD/ID/L: 20-30/5-10/500nm
95+%, OD/ID/L: 30-50/5-15/500nm

95%+0D: 10-20nm

Carbon Nano Fibers

OD: 240-500nm

OD: 80-200nm

OD: 40-80nm

OD: 240-500nm (graphitized)

95+%, OD/ID:
90+%, OD/ID:
95+%, OD/ID:
95+%, OD/ID:
95+%, OD/ID:
95+%, OD/ID:
95+%, OD/ID:
95+%, OD/ID:

10-20/5-10nm
10-30/3-10nm
10-30/5-10nm
20-30/5-10nm
20-40/5-10nm
30-50/5-15nm
40-60/5-10nm
50-100/5-10nm

94+%, OD/WT/L: 20-30/1-2nm
94+%, OD/WT/L: 20-50/1-2nm

94+%, OD/ID/L:
85%, OD/WT/L:
90%, OD/WT/L:
95%, OD/WT/L:
98%, OD/WT/L:
99%, OD/WT/L:
85%, OD/WT/L:
90%, OD/WT/L:
95%, OD/WT/L:
98%, OD/WT/L:
99%, OD/WT/L:

40-70/5-40nm
20-40/5-15nm
20-40/5-15nm
20-40/5-15nm
20-40/5-15nm
20-40/5-15nm
40-70/5-30nm
40-70/5-30nm
40-70/5-30nm
40-70/5-30nm
40-70/5-30nm

95+%, OD/ID/L: 10-30/5-10/1-2um
95+%, OD/ID/L: 20-40/5-10/1-2um
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Bt Y P3N http://www.scilab.co.jp/ TZB W22 9,

BB TRACHREET
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T270-0021 FEERFH/SE7T B10&#25 TEL: 047-309-8311 FAX : 047-309-8310
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COSMOSIL® Buckyprep-M
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