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ライス大学ワイズマン教授グループが開発した新技術

近赤舛蛍光服収分光法による単層カーボンナノチューブを分析する最新のラポツーJ~

製品概要

ナノスペクトライザTM (特許申請中)は顧客の皆様

のご要望に応じて設計が可能なユニークで使い易い

分光計で、水性懸濁剤により単層カーボン・ナノチ

ューブ (SWNT)の組成を詳細に分析します。光学

系はコンパク卜で、専用ソフトウエアにより装置の

調節、データ分析、研究結果の報告が可能です。ナノ

チューブー分光計に関する最先端の研究結果を土台に

し、サンプルを数秒間で自動的に分析します。

各半導性SWNT種には近赤外線蛍光周波数として知

5れる特徴があり、励起波長を選択し、多チャンネ

ル検出器列によDサンプルの発光スペクトルを高精

度で迅速に取り込みます。そして、測定済みのスベク

トルを自動的に分析し、基礎をなす特殊成分を明ら

かにし、半導性SWNT種の (n，m)組成をサンプ

ル中に提供します。さ5に、相対的に明5かにされた

SWNT種の濃度を推定し、グラフ工ンシート図や直

径ヒストク、ラムといったデータを表やグラフに表示

します。また、ナノスペクトライザは迅速近赤外線眼

収分光計であり、眼収特性と発光特性との比較によ

り分散状態を質的、量的に評価し、ナノチューブ、の

完成度を判定します。
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プログラム早見表 各項目敬称略

7月12日(水)

受付 8:00-

特別講演1(葛巻徹)
9:00 

9:00-9:30 
9:30 

一般講演 4件

(ナノチューブ、の物性)

9:30-10:30 

休憩 10:30-1 0:45 
10:30 

10:45 

一般講演 5件

(ナノチューブ、の物性)

10:45 -12:00 

12:00 

昼食 12:00-13:00

13:00 
特別講演2(粛藤弥八)

13:15 
13:00-13:30 

一般講演 4件 13・45
(ナノチューブ:生成と精製)

13:30-14:30 

休憩 14:30-14:45

一般講演 5件
15:00 

(ナノチューブ.生成と精製) 15:15 

14:45-16:00 

ポスタープレビュー

1分 X57件 16:30 

16:00-17:10 

ポスターセッション

17:10-18:40 18:00 

18:30 

7月13日(木) 7月14日(金)

受付 8:00- 受付 8:00-

特別講演3(金子克美)
9:00 

特別講演5(久保園芳博)

9:00-9:30 9:00-9:30 
9:30 

一般講演 4件 一般講演 4件

(ナノホーン 2件) (金属内包フラーレン 2件)

(炭素ナノ粒子 2件) (フラーレンの化学 2件)

9:30-10:30 9:30-10:30 

休憩 10:30.......10:45
10:30 

休憩 10:30 -10:45 
10:45 

一般講演 5件 一般講演 4件

(内包ナノチューブ、 2件) (フラーレンの化学)

(ナノチューブ、の応用 3件) 10:45-11 :45 

10:45 -12:00 11・45

昼食 12:∞-13:00
昼食 11:45-13:00 

総会 13:00-13:15
13:00 

特別講演6(今堀博)

特別講演4(阿多誠文) 13:00-13:30 
13:30 

13・15-13:45
一般講演 4件

一般講演 5件
(ナノチューブの物性)

(フラーレン固体)
13:30 -14:30 

13:45-15:00 14:30 
休憩 14:30.......14:45

14:45 
一般講演 4件

休憩 15:00-15:15 (ナノチューブ、の物性 2件)

(ナノチューブ、の応用 2件)

ポスタープレピ、ュー 14:45-15・45

1分 X59件 15:45 
一般講演 3件

15:15-16:30 
(ナノチューブの応用)

15:45-16:30 
16:30 

ポスターセッション

16:30-18:00 

懇親会 18:30-

特別講演発表25分質疑5分
一般講演発表10分質疑5分

ポスタープレビュー発表1分質疑なし



9:00 

9:30 

10:30 

10:45 

12:00 

13:00 

13:30 

14:30 

14:45 

16:00 

17:10 

18:40 

TIMETABLE 
Wed. July 12 

Registration 8:0か

Special Lecture 1 
9:00 

(Kuzumaki) 9:00-9:30 
9:30 

General Lecture [4] 

CProperties ofNanotubes) 

9:30-10:30 

10:30 
Break 10:30-10:45 

10:45 

General Lecture [5] 

CProperties ofNanotubes) 

10:45-12:00 

12:00 

Lunch 12:00・13:00

13:00 
Special Lecture 2 

13:15 
(Saito) 13:00・13:30

General L印刷re[4] 13:45 
(Formation and 

Purification ofNanotubes) 

13:30-14:30 

Break 14:30-14:45 

15:00 
General Lecture [5] 

15: 15 (Formation and 

Purification of N anotubes) 

14:45-16:00 

Poster Preview 

1 minX [57] 16:30 

16:00-17: 10 

Poster Session 

17: 10-18:40 18:00 

18:30 

Thur. July 13 Fri. July 14 

立egistration8:00・ Registration 8:00幽

Special Lecture 3 
9:00 

Special Lecture 5 
(Kaneko) 9:00-9:30 (Kubozono) 9:00・9:30

9:30 
General Lecture [4] General Lecture [4] 

CNanohoms [2]) (Metallofulleren巴s[2]) 

(Carbon Nanoparticles [2]) (Chemistry ofFullerenes [2]) 

9:30-10:30 9:30-10:30 

10:30 
Break 10:30-10:45 Break 10:30・10:45

10:45 

General Lecture [5] General Lecture [4] 

(Endohedral Nanotubes [2]) (Chemistry ofFullerenes) 

(Application ofNanotubes [3]) 10:45-11 :45 

10:45-12:00 11:45 

Lunch 11:45-13:00 
Lunch 12:00・13:00

お1eeting 13:00・13:15 
13:00 

Special Lecture 6 

Special Lecture 4 
13:30 

(Imahori) 13:00-13:30 

(Ata) 13:15-13:45 
General Lecture [4] 

General Lecture [5] (Properties ofNanotubes) 

(Fullerene Solids) 13:30-14:30 

13:45-15:00 14:30 
Break 14:30-14:45 

14:45 
General Lecture [4] 

Break 15:00-15:15 (Properties ofNanotubes [2]) 
(Application ofNanotubes [2]) 

Poster Preview 14:45-15:45 

1 minX [59] 
15:45 

General Lecture [4] 
15:15-16:30 (Application ofNanotubes) 

15:45幽 16:30
16:30 

Poster Session 
16:30-18:00 

Banquet 18:30・

Special Lecture: 25 min (Presentation) + 5 min (Discussion) 

General Lecture: 10 min (Presentation) + 5 min (Discussion) 
Poster Preview: 1 min (Presentation)， No discussion 

11 



座長一覧

7月12日(水) (敬称略)

時 間 座 長

特別講演(葛巻) 9:00"'" 9:30 小海文夫

一般講演 9: 30 ，...， 10:30 岡田晋

一般講演 1 0 : 45 ，...， 12: 00 丸山茂夫

特別講演(粛藤) 1 3 : 00 ，...， 13: 30 阿知波洋次

一般講演 13 : 30 ，...， 14: 30 小塩明

一般講演 14 : 45 ，...， 16: 00 佐野正人

ポスタープレビュー 16 : 00 ，...， 17: 1 0 若林知成

ポスターセッション 17:10"'" 18:40 若原孝次
一 一 一

7月13日(木)

時 間 座 長

特別講演(金子) 9:00"'" 9:30 湯田坂雅子

一般講演 9: 30 ，...， 10:30 菅井俊樹

一般講演 1 0 : 45 ，...， 1 2 : 00 片浦弘道

特別講演(阿多) 13 : 15 ，...， 13: 45 白石誠司

一般 講演 13 : 45 ，...， 1 5 : 00 藤原明比古

ポスタープレビュー 15 : 1 5 ，...， 16: 30 稲熊正康

ポスターセッション 1 6 : 30 ，...， 1 8 : 00 北浦良

7月14日(金)

時 間 座 長

特別講演(久保園) 9:00"'" 9:30 谷垣勝己

一般講演 9:30 ，...， 10:30 村田靖次郎

一般講演 1 0 : 45 ，...， 11 : 45 田代健太郎

特別講演(今堀) 13 : 00 ，...， 1 3 : 30 北川敏一

一般講演 1 3 : 30 ，...， 14: 30 秋田成司

一般 講演 14 : 45 ，...， 1 5 : 45 畠山力一

一般 講演 1 5 : 45 ，...， 1 6 : 30 岡崎俊也

111 



特別講演(9:00-9:30) 

7月12日(水)

特別講演発表25分・質疑応答5分
一般講演発表10分 E 質疑応答5分

ポスタープレビュー発表1分・質疑応答なし

18・1 TEMナノフ。ロープマニピュレーションによるカーボンナノチューブPの物性評価 葛巻徹

一般講演(9:30-10:30) 
ナノチューブ、の物性‘
1・1 カーボンナノチューブ、の機械的剛性と電気的特性の評価 7 

O~宰谷慎太郎，秋田成司，中山喜高
1・2 カーボンナノチューブ、の曲げ塑性変形の直径効果 8 

0森英喜，尾方茂信， Ju Li，秋田成司，中山喜高

1・3 マイクロメートル長のSWNTの熱伝導率 9 

0塩見淳一郎，丸山茂夫

1-4 カーボンナノチューブゃ間における接触抵抗の電界効果 10 

0佐藤亮太，児玉賢洋，仕幸英治，片浦弘道，藤原明比古

ヲ今大食会食食休憩 (10:30-10:45) 交交交交交交

一般講演(10:45-12:00) 
ナノチューブ、の物性
1・5 FEMによる多層カーボンナノチューブ先端玉員環上での単一ガス分子の挙動観察

脇俊作， 0畑浩一，佐藤英樹，粛藤弥八

ト6 ゲートバイアス印加された炭素ナノチューブの電子状態計算:Stark効果の可能性
0草部浩一，南川義久，大谷実，杉野修，鈴木直

1-7 高密度欠陥を持つナノチユ一ブ
O岡田晋，i河可合孝純，中田恭子

1-8 カーボンナノチューブ、の単一格子欠陥拡散に関する理論計算
0河合孝純，宮本良之

1・9 分子動力学法によるカーボンナノチューブの圧力誘起構造相転移と体心正方新固体相の研究
0斎藤晋，山上雄一郎

交官令官毎食宮公安昼食 (12:00-13:00) 女1令官公安交交

特別講演(13:00-13:30) 
18・2 カーボンナノチューブ、電界エミッタおよびナノコンベアーのTEMその場観察 粛藤弥八

一般講演(13:30-14:30) 
ナノチューブ、:生成と精製
1・10 光学活性単層カーボンナノチューブ

0小松直樹，ペンシャオビン，島脇孝典，青沼秀児，木村隆英，大須賀篤弘

1・11 精製単層カーボンナノチューブの分光学的研究
OYongfu Lian，前回優，若原孝次，仲程司，赤阪健， Said Kazaoui，南信次

1・12 Cationic surfactant disp巴rsionof single-wall巴dcarbon nanotubes: hydrophilic chain length effects 
OCatalin Rom巴oLuculescu， Toru Ishii， Tadahiro Ishii， Hirofumi Yajima 

1・13 両親媒性オリゴペプチドによるカーボンナノチューブの水中への分散
0小野慎，山本淳，吉川茂範，古川善啓，川端亮作，日高貴志夫，釜堀政男

ヲ令交交官た交交休憩 ( 14:30-14:45) 女1令官公安交安

一般講演(14:45-16:00) 
ナノチューブョ生成と精製
1・14 フラーレンキャッフ構造の発現と炭素ナノ構造体の成長

0阿知波洋次

1・15 スーパーグロースCVDにおける水添加の効果
O山田健郎，畠賢治，アランメニエ，湯田坂雅子，二葉ドン，湯村守雄，飯島澄男

1・16 アノレコーノレCVDにおけるCo-Mo触媒組成とSWNT収量の網羅的対応
0杉目恒志，野田優，丸山茂夫，山口由岐夫
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7月12日(水)

1・17 硬X線光電子分光法を用いたカーボンナノチューブピアにおける低抵抗コンタクト形成メカニズムの解明 23 
0近藤大雄，二瓶瑞久，佐藤信太郎， ) 11端章夫，池永英司，小畠雅明，金正鎮，上田茂典，小林啓介，古宮聴，粟
野祐二

1・18 円錐形空洞配列構造を有する垂直配向カーボンナノファイバーの形成 24 
0小塩明，丹後佑太，神木亨，竹村雄太，小海丈夫

ポスタープレピ、ユー(16:00-17圃 10)
ポスターセッション(17:10-18:40) 

フラーレンの化学
1P-1 Extraordinary Binding Constants of Flat Azulene with Fullerenes 59 

OA. F. M. Mustafizur Rahman， Sumanta Bhattacharya， Takahide Kimura， Naoki Komatsu 

1P・2 s カロテンに関する水溶性フラーレンの抗酸化活性 60 
0高田弘弥，小久保研，松林賢司，大島巧

1P-3 1，4付加型フラーレン誘導体のレーザー閃光光分解法を用いた光物理的挙動解析 61 
0原拓生，本間猛，田島右副，星野幹雄，松本史朗，武内一夫

1P-4 A1C13触媒を用いたフラーレンC60の芳香族化合物による多重ヒド、ロアリール化反応における位置化学 62 

0遠近真矢，加藤万依，匡春香，小久保研，大島巧
1P・5 ポルフィリン/フラーレン系を結合したポリアミノ酸デンドロンの自己集合構造の制御 63 

小川淳也， 0新井徹，西野憲和

1P-6 C60のメカノケミカル酸素酸化反応に対する粉砕強度の影響 64 

0石山雄一，渡辺洋人，仙名保
1P-7 芳香族化合物共存下で、起こるCωのメカノケミカル酸素酸化反応阻害効果とメカニズム 65 

0渡辺洋人，石山雄一，仙名保
1P-8 アリーノレC60カチオンの発生と性質 66 

0宮島明子，北川敏一，平井克幸，吉田亮平，小松紘一
1P-9 開口フラーレン誘導体の水の包接機構に関する研究 67 

0柴田信行，岩松将一，溝呂木直美，永瀬茂， Christopher M. Stanisky， R. James Cross， Martin Saunders，村田

静昭

1P-10 開口フラーレン内部への重水素分子導入とD2@C仰の合成 68 

0村田靖次郎，団連史行，村田理尚，小松紘一

金属内包フラーレン
1P-ll 金属内包フラーレンLa@CS2のビンゲ、ノレ反応 69 

0朴秋月， Lai Feng，石塚みどり，若原孝次，仲程司，土屋敬広，前回優，赤阪健， Ernst Horn，与座健治，加藤立
久，溝日木直美，永瀬茂

1P・12 La2@C78アダマンタン付加体の合成と構造 70 

0曹保鵬，若原孝次，土屋敬広，赤阪健，永瀬茂
1P・13 SC2C84の化学反応性と酸化還元特性 71 

0中嶋康二，飯塚裕子，若原孝次，土屋敬広，前回優，赤阪健， i葺呂木直美，永瀬茂
1P-14 Sc内包フラーレンの分子変換 72 

0飯塚裕子，若原孝次，仲程司，土屋敬広，棲庭明央，前回優，赤阪健，与座健治， Ernst Horn，加藤立久，
Michael T. H. Liu，溝呂木直美，小林有i永瀬茂

フラーレン固体
1P-15 C70薄膜の電気伝導率におけるフェルミ準位効果 73 

0松本修一，田島悠生，松島恒幸，高瀬両IJ，桐本賢太，孫勇
1P-16 大気中動作可能なCω誘導体スヒ。ンコート膜の有機TFT特性 74 

0近松真之，板倉篤志，木村龍実，島田悟，吉田郵司，阿澄玲子，八瀬清志
1P-17 CsC60薄膜のinsitu輸送特性 75 

0贋芝伸哉，石動彰信，鴇田義史，熊代良太郎，谷垣勝己

ナノチューブ¥生成と精製
1P-18 RFブ。ラズ、マCVD法による鋭角な先端形状を持つカーボンナノチューブの成長 76 

0鈴木篤，佐藤英樹，梶原和夫，畑浩一，斎藤弥八

1P-19 ボロンをドープした炭素の高周波プラズマ蒸発による多層ナノチューブの内径制御 77 
0沼尾茂悟，坂東俊治，飯島澄男

1P-20 ホウ素触媒を用いたレーザー蒸発法による高直進性及び長尺な多層カーボンナノチューブ、の形成 78 
0松本浩揮，小塩明，小海丈夫

1P-21 カンファーを用いた多層カーボンナノチューブごの合成と精製 79 
0岡崎直人，飯田敦土， Mukul Kumar，安藤義貝Ij
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7月12日(71<)

lP・22 サイズ制御触媒を用いたサファイア上で、のCNT配向成長 80 
0山寄明，高木大輔，鈴木哲， Goo-Hwan ]eong，小林慶裕，吉村英恭，本間芳和

lP-23 A new growth mechanism of single-walled carbon nanotubes synthesized by catalytic decomposition of alcohol 81 
OYanli Zhao， Haruhisa Nakano， Hirohiko Murakami， Toshiki Sugai， Hisanori Shinohara， Yahachi Saito 

lP-24 アルコールCCVD法によるカーボンナノチューブ成長の合成条件依存性 82 
0井波暢人，仕幸英治，藤原明比古

lP-25 Niベースの合金基板上における単層カーボ、ンナノチューブ、フォレストの直接合成 83 
0平岡樹，山田健郎，畠賢治，二葉ドン，倉知宏行，上村佐四郎，湯村守雄，飯島澄男

lP-26 スーパーグ、ロース法によるFe-Moコロイド、触媒を用いた単層カーボンナノチューブ、フオレストの高純度、密度制御合 84 
成
O西野秀和，畠賢治，保田諭，生井竜紀，二葉ドン，山田健郎，湯村守雄，飯島澄男

lP-27 スーパーグロースCVDを用いたガス流量変化による単層カーボンナノチューブ、の直径制御 85 
0保田諭，畠賢治，生井竜紀，二葉ドン，山田健郎，湯村守雄，飯島澄男

lP-28 e-D!PS法で、合成した単層カーボ、ンナノチューブ、を用いた高強度繊維の紡糸 86 
0斎藤毅，大嶋哲，松浦宏治，湯村守雄，飯島澄男

lP-29 赤外線加熱炉を用いた、ゼオライトccvN去による単層カーボンナノチューブの合成 87 
0村越暢之，岸直希，菅井俊樹，浅利琢磨，篠原久典

lP-30 CCVD法による狭い直径分布を持つ単層カーボンナノチューブず生成における白金触媒の効果 88 
0浦田圭輔，鈴木信三，長津浩，片浦弘道，阿知波洋次

lP-31 Fe-Co混合触媒を用いた単層カーボンナノチューブテの高効率成長 89 
0村上俊也，松本和代，徳田孝弘，木曽田賢治，西尾弘司，一色俊之，播磨弘

ナノホーン
lP-32 発達したアークスートへの触媒金属の高担持

0東敬亮，篠原賢司，滝川浩史，徐国春，伊藤茂生，山浦辰雄，三浦光冶，吉川和男

lP-33 連続ナノカーボン合成装置によるアークスートの合成

0篠原賢司，東敬亮，滝川浩史，伊藤茂生，山浦辰雄，三浦光冶，吉川和男

lP-34 アークスートへのルテニウム担持と酸化

0山本真伸，東敬亮，篠原賢司，桶真一郎，滝川浩史，伊藤茂生，山浦辰雄，三浦光冶，古川和男

lP-35 有機蒸気によるC60のカーボンナノホーンへの可逆的な内包・放出現象

0宮脇f二，湯田坂雅子，弓削亮太，飯島澄男
lP-36 抗癌剤高分子コンジュゲートによる単層カーボンナノホーンの水溶化

0村上達也，泊晶，津田浩秀，湯田坂雅子，飯島澄男，士田邦博，芝清隆

lP-37 穴の聞いたナノホーンに吸着したポリアミンプラグ、によるC60の放出制御

O弓削亮太，湯田坂雅子，依光英樹，久保佳実，飯島澄男

ナノチューブ、の物性
lP-38 超伝導多層カーボンナノチューブの磁化率の低下

0村田尚義，斎藤祐介，岩淵容子，松平将治，椎名雄一郎，井出光隆，春山純志

lP-39 カーボンナノチューブマにおけるエッジ状態のバンド、幅制御と超伝導

0佐々木健一，鈴木雅裕，斎藤理一郎

lP-40 バルク単層、 2層、多層カーボンナノチューブ、の電気伝導

0足立直樹，坂東俊治，岸直希，菅井俊樹，水谷孝，篠原久典

lP-41 通電によるカーボンナノチューブの接触抵抗の改善
0吉川雄也，秋田成司，中山喜高

lP-42 リチウムをドープした単層カーボンナノチューブの合成および構造特性
0岩井勇樹，川崎晋司，服部義之，高橋邦充

lP-43 電界放出顕微鏡法によるアルミニウムを蒸着した多層カーボンナノチューブに関する研究
0松川知弘，世古和幸，中原仁，粛藤弥八

lP-44 曲がったグラファイトシートに特有の照射損傷
0鈴木哲，小林慶裕
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ナノチューブ、の応用
lP-45 水素修飾したカーボンナノチューブの電流電圧特性に関する第一原理計算

0小林由和，笛野博之，田中一義

lP-46 カーボンナノチューブ先端で、タンパク質一分子を共有結合する
O円山拓行，秋田成司，吉村成弘，長瀧篤子，中山喜高

lP-47 カーボンナノチューブ、スキヤホールド、と細胞反応

0青木尚史，横山敦郎，野田坂圭伸，赤坂司，宇尾基弘，佐藤義倫，回路和幸，亘理文夫

lP-48 柔軟性カーボンナノチューブ、によるストレフ。トコッカスミュータンスの捕捉とその増殖

0赤坂司，青木尚文，宇尾基弘，亘理文夫
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7月12日(水)

lP・49 カーボンナノチューブ/ポリマー複合物質を用いたガスセンサの開発 107 
0北村健，平田孝道，秋谷昌宏，畠山力三

lP-50 カーボンナノチューブ複合物質を用いたバイオ ナノセンサの開発 108 
0平田孝道，愛甲大輔，秋谷昌宏，武居修，坂井貴文，畠山力三

lP-51 たんぱく質のリアルタイムセンシングのためのトップ。ゲート型単層炭素ナノチューブ、電界効果トランジスターを用いた 109
バイオセンサー

O村田克之，阿部益宏，井福康夫，清水三聡，安宅龍明，松本和彦

その他
lP-52 ラマン分光法を用いた溶液中のポリイン分子の紫外光照射に関する研究 110 

0若林知成，永山寛幸，笹優司，小角友希，山本泰史，奥臼晃史，田畑博史，林真歪

lP-53 ビンゲル反応による単層カーボンナノチューブの官能基化とその構造および光物性 111 
0手塚記庸，梅山有和，俣野喜博，吉田要，磯田正二，武田憲彦，村越敬，今堀博

lP-54 異なる直径を持つ多層カーボ、ンナノチューブスキャホールド、上の骨芽細胞の増殖 112 
0佐藤義倫，内田拓哉，土屋直実，青木尚史，赤坂司，宇尾基弘，本宮憲一， 8alachandran Jeyadevan，亘理丈夫，
回路和幸

lP-55 カルボン酸金属塩を触媒とするカーボンナノコイルの合成 113 
0北辰彰吾，潜路軍，中山喜高

lP-56 アルミニウムとカーボンナノチューブの複合材料の作製と解析 114 
0徳永智春，金子賢治，堀田善治

lP-57 カーボンナノコイル量産用自動逐次基板式CVD装置の開発 115 
0細川雄治，志岐肇，杉浦遼平，滝川浩史，伊奈孝，徐国春，清水一樹，伊藤茂生，山浦辰雄
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7月13日(木)

特別講演発表25分・質疑応答5分
一般講演発表10分・質疑応答5分

ポスタープレビュー発表1分・質疑応答なし

特別講演(9:00-9:30)
2S・1 単層カーボンナノホーンのナノ細孔制御と気体吸着 金子克美

一般講演(9:30-10:30) 
ナノホーン
2・1 光増感剤ZnPc担持ナノホーンのDDS応用可能性

0張民芳，湯田坂雅子，アランマイグネイ，飯島澄男

2-2 PEGーベフ。チドアフ。タマー複合体を用いたカーボンナノホーンの修飾

0松村幸子，湯田坂雅子，飯島澄男，芝清隆

炭素ナノ粒子
2-3 ナノダイヤモンドのコロイド物性

0稲熊正康，高橋慎，小津理樹，大津映二

2-4 LaC2結晶内包カーボンナノカフ。セルにおけるグラファイトケージの耐酸化特性

O山本和典，若原孝次，赤阪健

1令官公安1公安*休憩 (10:30ー10:45) 女女女官公安女

一般講演(10:45-12:00) 
内包ナノチューブ
2-5 ポリイン分子を内包した単層カーボンナノチューブの合成

0西出大亮，若林知成，土肥博史，西堀英治，青柳忍，北浦良，菅井俊樹，坂田誠，篠原久典

2・6 A High-Yield Synthesis and Charact巴rizationof C6o@DWNT Nanopeapods 

OGuoqing Ning， Naoki Kishi， Masahiro Shiraishi， Toshiki Sugai， Hisanori Shinohara 

ナノチューブの応用
2-7 炭化チタンコートしたカーボンナノチューブ、の電界放出特性

0播路主主，庄司知章，中山喜高

2・8 ハニカム構造をもっカーボ、ンナノチューブ、フィルムの構築
0高森久義，新留康郎，中嶋直敏

2-9 Carbon Nanotubes as Lubricant Additives 
OL. Joly-Pottuz， ]. M. Martin， F. Dass巴noy，T. Mieno， N. Ohmae 

1公安***.，た昼食(12:00-13:00) 女1公安食1公安

総会(13:00-13:15)

特別講演(13:15-13:45)
2S-2 ナノテクノロジーの社会受容促進に関する政策提言 阿多誠文

一般講演(13:45-15:00) 
フラーレン固体
2・10 分子スヒ。ンエレクトロニクス:C607ラーレン中のスヒ。ン依存伝導現象の観測

0三輪真嗣，西岡真吾，太田健太，水口将輝，新庄輝也，鈴木義茂，白石誠司
2・11 c6C超伝導体における電子状態とフォノン

0赤田美佐保，成田清嗣，熊代良太郎，村田靖次郎，小松紘一，垣内徹，1宰博，谷垣勝己
2・12 マイクロ流体デ、パイス内におけるフラーレン結晶合成とそのモルフオロジー

0篠原恭介，福井健，阿部弘亭，関村直人，岡本孝司

2・13 紫外線照射によるボリマー化フラーレンナノウイスカーの合成
0本橋覚，緒方啓典

2-14 フラーレン誘導体ナノウイスカーの合成と性質
0緒方啓典，本橋覚

食会食ヲ公安食休憩 (15:00-15:15) ヲ令官公安安安食

ポスタープレビュー(15:15-16:30) 
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ポスターセッション(16:30-18:00) 

フラーレン生成

7月13日(木)

2P-l レールガンの爆発衝突反応を用いたオニオン状フラーレンと炭素カフ。セルの合成
0三重野哲，長谷川直，矢守章

2P-2 TEM -STMによる単一分子カーボンフラーレンの生成およびサイズの制御
0吉田誠，久留井慶彦，大島義文，高柳邦夫

フラーレンの化学
2P-3 官能基化フラーレンの発光および液晶機能

0松尾豊，中村栄一

116 

117 

118 

2P-4 Synthesis， Characterization， and 1，6-Asymmetric Induction ofChiral Ruthenium Allenylidenes Complexes Bearing a 119 
Fullerene Cyclopentadienyl Ligand 
o、iu-WuZhong，松尾豊，中村栄一

2P-5 フラーレン二重膜ベシクルの異常な水透過性 120 
0本間達也，磯部寛之，中村栄一

2P-6 C60とスルフィルイミンの光反応 121 
0岡田光了，仲程司，土屋敬広，若原孝次，赤阪健，吉村敏章，森田弘之

2P・7 C60の光化学探査子としての応用 122 
0高橋健作，仲程司，土屋敬広，若原孝次，赤阪健

2P-8 Cωを化学プローブ、として用いたジアジリン光分解の解明 123 
0榎春香，石塚みどり，若原孝次，赤阪健， Michael T. H. Liu 

2P・9 ジアジリンを用いたフラーレンの分子変換 124 
0佐藤悟，山田道夫，若原孝次，土屋敬広，赤阪健

2P-I0 Nハロアミド、類を活用するC60の新規アジリジン化 125 
0在岡亮治，南方聖司，大平落洋二，小松満男

2P・11 ニトロフラーレン中間体を用いた種々のフラーレン誘導体の簡便合成 126 
0関戸大，大野正富

金属内包フラーレン
2P-12 フラーレンケージに内包された原子の回転制御 127 

O山田道夫，若原孝次，仲程司，土屋敬広，赤阪健，前回優，与座健治， i茸呂木直美，永瀬茂

2P-13 Ce@CS2の化学修飾 128 
0高野勇太，青柳元喜，松永洋一郎，生沼みどり，若原孝次，土屋敬広，前回優，赤阪健，溝呂木直美，永瀬茂

2P・14 Td対称性を有する金属内包フラーレンしU2@C76のSTM/STS測定 129 
0大橋一範，福井信志，梅本久，菅井俊樹，篠原久典

2P-15 エルビウム金属内包フラーレンEr2@CS2・(Er2C2)@CS2の光物性 130 
0伊藤靖浩，岡崎俊也，大窪清吾，沖本治哉，赤地祐彦，大野雄高，荒木保幸，中村哲也，水谷孝，伊藤攻，篠原久
典

2P-16 高分解能気相移動能法の開発と金属内包フラーレンへの適用 131 
0菅井俊樹，篠原久典

フラーレン固体
沼田17 STM探針からの電子/正孔注入によるCωポリマーリングp形成のメカニズム 132 

0野内亮，太田洋平，久保園芳博
2P-18 フラーレンFETの高性能化と集積回路への展開 133 

0長野高之，久保園芳博，越智謙次

2P-19 自由電子レーザー照射によるC60ポリマ一合成の波長依存性 134 
0岩田展幸，安藤慎悟，里子苅家亮，小桝津麗欧，山本寛

2P・20 ナノ粒子化によるフラーレンの新たな機能発現 135 
0出口茂，向井貞篤，津留美紀子， Rossitza G. Alargova，辻井薫，掘越弘毅

炭素ナノ粒子
2P-21 アーク放電による螺旋状炭素構造体の成長と多面体グラファイトの形成 136 

0小塩明，田中輝之，須内俊貴，水野直樹，片桐洋次，小海文夫

2P-22 ナノ炭素への高速イオン衝突のシミュレーションII:Ar多価イオンのグ、ラファイト表面への衝突 137 
O宮本良之

2P-23 カーボンナノコイルの誘電泳動法による配向 138 
友兼遼太， 0藤山幸広，田中健一郎，秋田成司，東勇吾，藩路軍，野坂俊紀，中山喜高

ナノチューブ:生成と精製
2P-24 カーボンナノチューブ、の連続成長に関する新手法について 139 

O日方威，久貝裕一，水越朋之，桜井芳昭，石神逸男，青木学聡，瀬木利夫，松尾二郎
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7月13日(木)

2P・25 天然マグ、ネサイト上での単層カーボンナノチューブ、の生成メカニズ、ム 140 
O)I[崎晋司，篠田正成，小川みちる，原武司，服部義之，久保田岳志

2P-26 Tiマスクによりパターニングされた6H-SiC(OOO-1)基板上へのカーボンナンチューブの選択成長 141 
0穂積葉子，谷奥健次，丸山隆治，成塚重弥，楠美智子

2P-27 SiC表面分解法におけるカーボンナノキャップ形成への酸素庄の影響 142 
0藤田奈緒美，河村康之，丸山隆浩，成塚重弥，楠美智子

2P-28 単一カイラルベクトルをもっ単層カーボンナノチューブ吋乍製の試み 143 
0鶴岡泰広，鈴木信三，岡崎俊也，片浦弘道，阿知波洋次

2P-29 単層ナノチューブ、の直径制御 144 
O中島武，野村和也，井上修平，菊地義弘

2P-30 金属性SWNTsの効率的簡便分離法 145 
0前回優，神田信，橋本正博，長谷川正，若原孝次，赤阪健，永瀬茂， Said Kazaoui，南信次，清水哲夫，徳本洋，斉
藤理一郎

2P-31 カーボンナノチューブ、の水中への分散に対する両親媒性オリゴ、ベフ。チドの効果 146 
O山本淳，小野慎，吉川茂範，増原真也，古川善啓，川端亮作，日高貴志夫，釜堀政男

2P・32 孤立分散した単層カーボンナノチューブの長さ分布に及ぼす界面活性剤濃度の効果 147 
O中川浜三，二井裕之，園重敦弘， {主山芳行

2P-33 ホトノレミネッセンス分光法のための新しいカーボンナノチューブ、フィルム作成方法 148 
O中田靖

内包ナノチューブ
2P-34 単層カーボンナノチューブ、に内包されたカロテノイド、色素の補助集光作用 149 

0柳和宏，イアコボブ、スキコンタンチン，カザウィサイ，南信次，宮田耕充，真庭豊，片浦弘道

2P-35 単層カーボンナノチューブPに吸着した水のNMR 150 
0松田和之，日比寿栄，門脇広明，真庭豊，片浦弘道

ナノホーン
2P-36 マイクロ波によるカーボンナノホーンの化学修飾 151 

0吉田卓，佐野正人

2P-37 アークSWNHを用いたメタン直接分解による水素製造 152 
0伊奈孝，山口貴司，坂東俊治，飯島澄男

2P・38 パルスアーク放電で、生成したSWNH試料中に含まれるグラファイトフレークの起源 153 
0山口貴司，坂東俊治，飯島澄男

2P-39 シスプラチン内包と徐放に適したSWNHの酸化処理 154 
0安嶋久美子，湯田坂雅子，飯島澄男

2P-40 Cω@ナノホーンにみられた内包及び放出に対する穴サイズ、の効果 155 
0茄品，湯田坂雅子，弓削亮太， Alan Maigne，飯島澄男

2P-41 遷移金属を含まない水溶性カーボンナノチューブ会合体の合成，精製，構造決定および細胞毒性 156 
O田中隆嗣，磯部寛之，前回るい，野入英世，湯田坂雅子，飯島澄男，中村栄一

ナノチューブの物性
2P-42 ミセル化二層カーボンナノチューブの3次光学非線形性 157 

0今村禎允，高橋佳久，深川鋼司， i賓中泰，替藤弥八，吾郷浩樹，岸田英夫，中村新男

2P聞43 ミセル化単層カーボンナノチューブの非線形感受率の直径依存性 158 
0高橋佳久，今村禎允，深川鋼司，演中泰，岸田英夫，中村新男

2P-44 ミセル内包及びボリマーラッフ。単層カーボンナノチューブ、の光学特性のpH応答性 159 
0石井亨，高橋照央，カタリンロメオルクレスク，内田勝美，石井忠治，矢島博文

2P-45 カーボンナノチューブの遠赤外吸収とそのチューブ?長依存性 160 
0鈴木宏貴，秋間新真，下谷秀和，岩佐義弘

2P圃 46 単層カーボンナノチューブ?の強磁場下磁気光吸収特性に対する分散効果 161 
0横井裕之，森啓一郎，黒田規敬，金柄祉，宮下香苗，カザウイサイ，南信次，小嶋映二，緑山正二郎

2P-47 カーボンナノチューブとグ、ラファイトにおける二重共鳴ラマン強度 162 
0佐藤健太郎，斎藤理一郎， J. Jiang， J S. Park， L. G. Cancado， M. A. Pimenta， A. Jorio， Ge. G. Samsonidze， G. 
Dresselhaus， M. S. Dresselhaus 

ナノチューブの応用
2P-48 水溶性ナノチューブポリアミド酸混合液を用いて作製されるカーボンナノチューブポリイミド、複合材料 163 

。榊原陽一，立花彩子，糸賀恵美子，山下俊

2P-49 液晶 SWNT複合材料の創製及び物性評価 164 
0種村亜紀奈，内田勝美，氏家誠司，矢島博文

2P-50 単層カーボンナノチューブテ含有キトサンフィルムの作製と特性評価 165 
0鎮目瑠美，内回勝美，矢島博文

X 



7月13日(木)

2P-51 Shape Engineerable Single-Walled Carbon Nanotube Bulk Solid 166 
ODon N. Futaba， Kenji Hata， Takeo Yamada， Tatsuki Hiraoka， Yuhei Hayamizu， Yozo Kakudate， Osamu Tanaike， 
Hiroaki Hatori， Koji Miyake， Shinya Sasaki， Motoo Yumura， Sumio Iijima， 

2P-52 単層カーボンナノチューブ、、シート上における電子授受 167 
0松浦宏治，斎藤毅，大嶋哲，湯村守雄，飯島澄男

2P-53 CNT直流電着法の溶媒依存性-CNT誘電率の評価 168 
0松本貴紀，佐野正人

2P・54 単層カーボンナノチューブPにおける非局所4端子磁気抵抗効果測定 169 
0松岡健太，片浦弘道，水口将輝，鈴木義茂，白石誠司

2P-55 太いCNT上に成長させた細いCNTとその電子放出特性 170 
0倉知宏行，上村佐四郎，余谷純子，長廻武志，山田弘，江崎智隆，前岨剛，中尾剛啓，伊藤雅章，楼井暁，下回英
雄，驚藤弥八，篠原久典

2P-56 カーボンナノチューブ、電界放射陰極を用いたマイクロフォーカスX線源の開発 171 
0畑浩一， ) 11北邦彦，翼手藤弥八

2P-57 カーボンナノチューブ、バンド、ノレ陰極を搭載した小型電界放射型SEMの開発 172 
0薮下綾介，畑浩一，佐藤秀樹，斎藤弥八

その他
2P-58 外用塗布におけるフラーレンの安全性とその美白効果 173 

0松林賢司，遠藤希美子，高田弘弥，伊東忍，寺島洋一

2P-59 電子サイクロトロン共鳴放電プラズマを用いた窒素原子内包フラーレンの形成 174 
0阿部重幸，佐藤玄太，金子俊郎，平田孝道，畠山力三，横尾邦義，小野昭一，表研次，笠間泰彦

Xl 



特別講演(9:00-9:30)

7月14日(金)

特別講演発表25分・質疑応答5分
一般講演発表10分・質疑応答5分

ポスタープレビュー発表1分・質疑応答なし

3S-1 フラーレンの単一分子操作によるナノパターンニング、 久保園芳博

一般講演(9:30-10:30) 
金属内包フラーレン

5 

3・1 自己組織化単分子膜上における金属内包フラーレンの分散傾向の観察 39 
0安武裕輔，梅本久，伊藤靖浩， Zujin Shi，岡崎俊也，篠原久典，真島豊

3・2 Er内包CS2の紫外光電子分光 40 
O日野照純，加藤真之，古川浩之介，宮崎隆文，隅井良平，吉村大介，伊藤靖浩，菅井俊樹，篠原久典

フラーレンの化学
3-3 アイソトープ。デ、ザインされた二十面体対称性クラスターの赤外/ラマン分光特性計算~フラーレンおよびボラン分子の 41 

場合~
O野木直行，田中知，宍戸統悦

3-4 9族金属ポルフィリン環状二量体:フラーレンへのホスト分子の親和性はどこまで高くできるのか 42 
0柳沢誠，田代健太郎，相田卓三

一般講演(10:45-11:45) 
フラーレンの化学

*.，年****休憩 (10:30-10:45)女1公安安食会

3-5 極性溶媒に高溶解性を示すフラーレン誘導体の合成
0)11上公徳，高木雅敏

3・6 ノミッキーメタロセンの熱分解による金属微粒子分散炭素材料の生成
0中江隆博，松尾豊，高木雅敏，佐藤雄太，末永和知，中村栄一

3・7 脂質膜中に固定化した開口フラーレンの電気化学特性
0渡辺健一，小松真治，村田尚理，村田靖次郎，小松紘一，中嶋直敏

3-8 フラーレン超分子の光誘起電子移動のアルカリ金属によるスイッチング
0伊藤攻， A.サンダナヤカ，荒木保幸

*.，公安1令官毎食昼食 (11:45-13:00) 女女官公安1公安

特別講演(13:00-13:30) 
3S・2 ナノカーボン材料の化学修飾と光機能化 今堀博

一般講演(13:30-14:30) 
ナノチューブの物性

43 

44 

45 

46 

6 

3-9 カーボンナノチューブの広帯域(1000-2300nm)フォトノレミネッセンスマッヒ。ング 47 
0南信次，ヤクボブスキーコンスタンチン，カザウィサイ

3・10 ピーポッドから作製した2層カーボンナノチューフ守における発光消光 48 
0岡崎俊也，坂東俊治，田村豪主，藤田容子， K. lakoubovskii， S. Kazaoui，南信次，斎藤毅，末永和知，飯島澄男

3・11 偏光PL励起分光による単層カーボンナノチューブ、の垂直励起光吸収 49 
0丸山茂夫，宮内雄平

3陶 12 Exploring the structure and properties of vertically aligned SWNT films 50 
OErik Einarsson， Masayuki Kadowaki， Yoichi Murakami， Hidetsugu Shiozawa， Thomas Pichler， Shigeo Maruyama 

会**.，令官令官公 休憩 (14:30-14:45) 女官令官公女食事公

一般講演(14:45-15:45) 
ナノチューブの物性
3・13 化学修飾カーボンナノマテリアルの光誘起電子移動過程

0伊藤攻， A.サンダナヤカ，荒木保幸

3・14 単層カーボンナノチューブrの光機能化とその光物性
0梅山有和，俣野善博，武田憲彦，村越敬，吉田要，磯田正二，荒木保幸，伊藤攻，今堀博

Xll 
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7月14日(金)

ナノチューブの応用
み15 ボルフィセンによる水中での単層カーボンナノチューブ、の修飾

0中村元気，友成安彦，馬場達志，久枝良雄，中嶋直敏

3・16 多核芳香族両親媒性化合物を用いたカーボンナノチューブのカイラリティ識別
0豊田昇平，友成安彦，村上裕人，中嶋直敏

一般講演(15:45-16:30) 
ナノチューブの応用
3・17 SWNTs-FET特性への化学修飾の影響

0熊代良太郎，大橋弘孝，虞芝伸哉，赤阪健，前田優，鈴木信三，阿知波洋次，谷垣勝己

3・18 PZTをゲート絶縁膜に用いた強誘電体ゲートカーボンナノチューブ電界効果型トランジスタ
0楼井達也，吉村武，秋田成司，藤村紀文，中山喜寓

3・19 C60内包二層カーボンナノチューブにおける室温下の共鳴トンネル輸送現象

0李永峰，畠山力三，金子俊郎，岡田健，加藤俊顕
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July 12th， Wed. 

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) 
IS-1 Characterization ofCarbon Nanotubes by Nanoprobe Manipu1ation in Transmission E1ectron Microscope 

Toru Kuzumaki 

General Lecture (9:30・10:30)
Properties of Nanotubes 
1-1 Mechanica1 and E1ectrica1 Properties of Carbon N anotubes 

OShintaro Sawaya， Seiji Akita， Yoshikazu Nakayama 

1・2 Diameter effect for p1astic bending of carbon nanotube 

OHideki Mori， Shigenobu Ogata， Ju Li， Seiji Akita， Yoshikazu Nakayama 

1・3 Therma1 conductivity of an SWNT with micrometer 1ength 

OJunichiro Shiomi， Shigeo Maruyama 

1-4 Fie1d-Effect Modu1ation ofContact Resistance between Carbon Nanotubes 

ORyota Sato， Y oshihiro Kodama， EリiShikoh， Hiromichi Kataura， Akihiko Fujiwara 

7 

8 

9 

ハリー

交官公安1令官公安 CoffeeBreak (10:30・10:45)安食会食1令官公

General Lecture (10:45-12:00) 

Properties of N anotubes 
1-5 FEM Observations ofBehavior of Sing1e Gas Mo1ecu1e on Pentagon at Multi-walled Carbon Nanotube Tip 11 

Shunsaku Waki， OKoichi Hata， Hideki Sato， Yahachi Saito 

1・6 Electronic structure calcu1ation of gate-biased carbon nanotube: Possib1e Stark effect 12 

OKoichi Kusakabe， Y oshihisa Minamigawa， Minoru Otani， Osamu Sugino， Naoshi Suzuki 

1・7 Se1f-repairing of Atomic Vacancies on Dense1y Defective Nanontubes 13 

OSusumu Okada， Takazumi Kawai， Kyoko Nakada 

1・8 Theoretica1 Calcu1ations for Mono-Vacancy Diffusion on Carbon Nanotubes 14 

OTakazumi Kawai， Y oshi戸lkiMiyamoto 

1・9 Pressure司 InducedPhase Transition ofCarbon Nanotubes and Tetragona1 New Crystalline Solid Carbon Phase: A 15 

Mo1ecu1ar Dynamics Study 

OSusumu Saito， Yuichiro Yamagami 

*"令官た**女 LunchTime (12:00・13:00)女女1令官令官公安

Special Lecture (13:00・13:30)
IS-2 In situ TEM Studies on Carbon Nanotube Fie1d Emitters and Nano-conveyors 

Yahachi Saito 

2 

General Lecture (13:30・14:30)
Formation and Purification of N anotubes 
1・10 Optically Active SWCNTs 16 

ONaoki Komatsu， Xiaobin Peng， Takanori Shimawaki， Shuji Aonuma， Takahide Kirnura， Ats叶lIroOsuka 

1・11 Spectroscopic study on the purified sing1e-walled carbon nanotubes 17 

OYongfu Lian， Yutaka Maeda， Takatsugu Wakahara， Tsukasa Nakahodo， Takeshi Akasaka， Said Kazaoui， 

Nobutsugu Minami 

1-12 Cationic surfactant dispersion of sing1e-walled carbon nanotubes: hydrophi1ic chain 1ength巴ffects 18 

OCata1in Romeo Lucu1escu ， Toru Ishii， Tadahiro Ishii， Hiro向miY句lma

1・13 Dispersion of carbon nanotubes in water by designed amphiphilic oligopeptides 19 

OShin Ono， Atsushi Yamamoto， Shigenori Y oshikawa， Yoshihiro Furukawa， Ryosaku Kawabata， Kishio Hidaka， 
Masao Kamahori 

*"公安**女 CoffeeBreak (14:30・14:45)..，公安宮公安1公安
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General Lecture (14:45-16:00) 

Formation and Purification ofNanotubes 

July 12th， Wed. 

1・14 Fullerene cap growth and formation of carbon nano materials-N(naphthalene) and P(phenalenyl)-center growth 20 

model-

OY ohji Achiba 

1・15 The Effect ofWater in Super-Growth Chemical Vapor Deposition 21 

OTakeo Yamada， Kenji Hata， Alan Maigne， Masako Yudasaka， Don N. Futaba， Motoo Yumura， Sumio Iijima 
1・16 Exhaustive mapping ofCo-Mo catalytic activity against their compositions in growing SWNTs from ethanol 22 

OHisashi Sugime， Suguru Noda， Shigeo Maruyama， Yukio Yamaguchi 

1・17 Low resistance contact formation mechanism for carbon nanotube via determined by hard x-ray photoemission 23 

spectroscopy 

OD. Kondo， M. Nihei， S. Sato， A. Kawabata， E. Ikenaga， M. Kobata， J.-J. Kim， S. Ueda， K. Kobayashi， S. 
Komiya， Y. Awano 

1-18 Vertically Aligned Carbon Nanofibers Having an Array ofConical Cavities 

OAkira Koshio， Yuta Tango， Toru Kamiki， Yuta Takemura， Fumio Kokai 

Poster Preview (16:00-17:10) 
Poster Session (17: 1 0・18:40)

Chemistry of Fullerenes 

24 

1P-1 Extraordinary Binding Constants ofFlat Azulene with Fullerenes 59 

OA. F. M. Mustafizur Rahman， Sumanta Bhattacharya， Takahide Kimura， Naoki Komatsu 

1P-2 Antioxidant Activity ofWater-soluble Fullerenes on s -Carotene 60 

OHiroya Takada， Ken Kokubo， Ke可iMatsubayashi， Takumi Oshima 

1P-3 Photophysical Properties of 1，4・-Bisadductof Cω: A Laser Flash Photolysis Study 61 

OTakumi Hara， Takeshi Honma， Yusuke T司jima，Mikio Hoshino， Shiro Matsumoto， Kazuo Takeuchi 
1P-4 Regiochemistry ofMultiple Hydroarylation ofC60 with Aromatic Compounds Catalyzed by AIC13 62 

OShinya Tochika， Mai Kato， Chunxiang Kuang， Ken Kokubo， Takumi Oshima 
1P-5 Regulation ofthe selιorganized structur巴ofthefullerene/porphyrin molecular system packed in a water可 oluble 63 

amino acid dendrimer 

Junya Ogawa， OToru Arai， Norikazu Nishino 

1P-6 Efti巴ctsofmilling intensity on the rate ofC60 oxidation by ambient molecular oxygen 64 

OYuichi Ishiyama， Hiroto Watanabe， Mamoru Senna 
1P-7 吐ubitionofthe mechanochemical oxidation of C60 by gaseous oxygen by the coexistence of aromatic compounds 65 

OHiroto Watanabe， Yuichi Ishiyama， Mamoru Senna 
1P・8 Generation and Properties of Arylated C60 Cations 66 

OAkikoMiy勾ima，Toshikazu Kitagawa， Katsuyuki Hirai， Ryohei Yoshida， Koichi Komatsu 
1P-9 Mechanistic Studies on the Encapsulation of a Water Molecule by an Open-Cage Fullerene Derivative 67 

ONobu刊 kiShibata， Sho-ichi Iwamatsu， Naomi Mizorogi， Shigeru Nagase， Christopher M. Stanisky， R. James 

Cross， Martin Saunders， Shizuaki Murata 

1P・10 Encapsulation of a D2 Molecule inside an Open帽 CageC60 and Synthesis ofD2@C60 68 

OYasujiro Murata， Fumi戸uuTanabe， Michihisa Murata， Koichi Komatsu 

Metallofullerenes 
1P-ll The Bingel Monoadducts ofLa@CS2: Synthesis and Characterization 69 
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IS圃 1

Characterization of Carbon N anotubes by N anoprobe Manipulation in 
Transmission Electron Microscope 

o Toru Kuzumaki 

!nstitute 01 !ndustrial Science， The University 01あわ/0，4-6-1Komaba， Meguro-ku，おか0

153-8505， Japan 

A carbon nanotube (CNT) is a very promising candidate for applications in various 
fields. For increasing its engineering us久 itis essential to develop a mass production process 
for high-quality CNTs. Although chemical vapor deposition methods are useful in the 
large-scale synthesis of CNTs， they have various atomic structures and morphologies that 
depend on the synthesis process or catalysts. The characteristics of even commercially 
available CNTs， including those synthesized by arc discharge， are not always identical. It is 
not certain whether nanoscale fibers that are commercially referred to as CNTs exhibit 
characteristics similar to those expected. However， there has been slow progress in the 
characterization of individual CNTsラwhilevarious applications and synthesis techniques have 
been proposed. It is important to clarify the characteristics of individual CNTs and standardize 
them for engineering applications. In the present studyラ characterizationof various types of 
CNT by nanoprobe manipulation in a transmission electron microscope (TEM) is described. 

Figures l(a) and l(b) show an MWCNT (a) before and (b) after deformation， and Fig. 
l(c) shows force-displacement (F-D) diagram of the MWCNT. The points indicated by 
arrows in Fig. l(c) correspond to the TEM images in Figs. l(a) and l(b)， respectively. The 
applied force was released by the formation of a buckling like structure on the inner wall of 
the bent MWCNT (indicated by arrows in Fig. 1 (b)). Young's modulus of the MWCNT 
estimated丘omEuler's buckling force is 0.92 TPa[l]. The nanoprobe manipulation technique 
in the TEM enabled the measurement of the force acting on various types of the MWCNTs 
while observing a clear deformation process. A series of experimental results suggest that the 
mechanical characteristic ofMWCNTs is in positive interrelation with its crystallinity. 
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Figure 1 TEM images ofMWCNT (a) before deformation and (b) after deformation， and its 
force-displacement diagram (c). 

References: [1] T. Kuzumaki and Y. Mitsuda，Jpn. J. Appl. Phys.， 45，364 (2006) 

Corresponding Author: Toru Kuzumaki 
Tel: +81・3・5452-6302，Fax: +81・3・5452-6301E-mail: Kuzumaki@iisル tokyo.ac.jp
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IS圃 2

In situ TEM Studies on Carbon N anotube Field Emitters 

and Nano・conveyors

OYahachi Saito， Yasunobu Suzuki， Kensuke Okumura and Kazuyuki Seko 

Department of Qu仰 tumEngineering， NagoyαUniversity， Nagoya 464-8607， Japan 

Application of carbon nanotubes (CNTs) to electron emitters in field emission displays 
(FEDs) is now attracting considerable attention. Electron emitters in FEDs are required to 
provide low threshold voltages for electron emission， emission stability and uniformity. In 

order to seek for CNTs th剖 satisfシtheabove requirements， we studied the field emission (FE) 
企omindividual CNTs by in situ transmission electron microscopy (in situ TEM) [1]. The 
development of reliable experimental techniques for controlled manipulation and delivery of 
nanoscale materials is of extreme importance for realizing many nanotechnological 
applications. We also applied the in situ TEM to study a mass transport phenomenon on 
CNTs which was induced by electric current. Recent experiments by Regan et al. [2] 
demonstrated controllable， reversible atomic scale mass transport between indium 
nanopartic1es deposited on CNTs. In our experiments， a free end of a multi-wall nanotube 
(M¥¥乃..JT)fixed on a tungsten needle was inserted into a reservoir 
of indium， instead of depositing In on the CNT， and the similar 
reversible transport of indium was observed by the application of 
electric voltages between the reservoir and the tungsten needle. 
1. Dynamic behaviour of CNT field emitters 

In the electric field a bundle of CNTs branched off at their tips 
and showed sublimation starting from their tips. For open 
MWNTs， peeling of outer graphite layers and subsequent 
sublimation of the layers were observed. The c10sed MWNTs 
did not show severe peeling of layers when the emission current 
was moderate， though sublimation of a few layers was observed at 
higher current. 
2. Mass transport on CNT surfaces 

When the voltage of the W needle was biased -1.1 V (the 
corresponding current was "'-'90μA) against the In reservoir， the 
metal began to me1t. With the further increase of the voltage up 
to -1.7V ("'-'200μA)， In droplets appeared on the surface of 
MWNTs. Under the constant vo1tage， growth and shrinkage of 
indium droplets on the MWNT surface were observed， as shown 
in Fig.l. Direction of In transport was reversed by applying the 
opposite potential to the W needle; i.e.， In was always transported 
to a cathode. 

[1] Y. Saito et a1.， Diamond & Re1ated Materia1s 14， 1843 (2005) 
[2] B. C. Regan et a1.， Nature， 428， 924 (2004) 

Corresponding Author: Yahachi Saito 
TEL: +81-52・789・4459，FAX:十81-52・789-3703，E-mai1: ysaito@nagoya-u.jp 
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Nanopore Control and Physical Adsorption Properties 

。fSingle Wall Carbon Nanohorn Assemblies 

o K，Kaneko， T. Utsumi， C. -M. Yang， T. Ohba， K. Urita， R. Abdraim， Y. Hattoriラ H.

Tanaka， H. Noguchi， H. Kanoh， M. Yudasaka七andS. Iijima* 

Materials Science and Nanoscale Science， Graduate School of Science and Technology， 
Cl曲 aUniversity， 1-33 Yayoi， Inage， Cl曲 a263-8522， Japan 
Department of Physics， Meijo University， 1-501 Shiogamaguchi， Tenpaku， Nagoya 
468-8502， Japan"JST/SORST， NEC Corporation， 34 Miyukigaoka， Tsukuba 305-8501， Japan 

Single wall carbon nanohom (SWNH) consists of tube and com parts and the intemal tube 

spaces are closed. SWNH particles form a colloid assembly which has interstitial nanopores. 

As SWNH has a single carbon wall structure， SWNH can have a superhigh surface area for 

surrounding media. Therefore， opening of SWNH particles and control of interstitial 

nanopores have been requested in order to extend their application potential. 

This paper shows the fundamental physical properties and nanopores structures as an 

introduction. Then the nanoporosity control with addition of nanowindows and reconstruction 

of the assembly structure will be shown. The nanoporosity control was done with four kinds 

of the treatment: Oxidation treatment with O2， acid treatment， steam activation with 

Ca(N03)2 deposition， and fluorination. The relationship between the nanopores and the 

physical adsorption properties for CH4 will be shown. 

The O2 oxidation of SWNH at 823 K can add nanoscale windows on SWNH， increasing 

the surface area up to 1420 m2/g 仕om380 m2/g. The nanowindow-donated SWNH can adsorb 

more supercritical H2 and CH4 than closed SWNH. The HN03 treatment of SWNH 

increased interstitial nanoporosi句r，giving a larger adsorption capacity for CH4・ Thesteam 

activation can also add nanowindows to increase nanoporosity， which is less efficient than 

oxidation method with O2・Thefluorination can decrease the nanoporosity. 

References 
1. C.-Min Yang， H. Noguchi， M. Yudasaka， A. Hashimoto， S. 1リima，K. Kaneko， Adv. Mater.， 17 (7)， 866(2005) 

2. T. Ohba， H. Kanoh， M. Yudasaka， S. Iijima， and K. Kaneko， J. Phys. Chem. B， 109 (18)， 8659・8662(2005) 

3. H. Tanaka， H. Kanoh， M. Yudasaka， S. 1司jima，K. Kaneko， J. Amer. Chem. Soc.， 127， 7511-7516(2005). 

4. K. Kaneko， T. Ohba， T. Ohkubo， S. Utsumi， H. Kanoh， M. Yudasaka， S. 1りima，Adsorption， 11(1)， 21-28， (2005) 
5. S. Utsumi， J. Miyawaki， H. Tanaka， T. Itoi， N. Ichikuni， H. Kanoh， M. Yudasaka， S. Iijima， K. Kaneko， J. Phys. Chem 

B， 109(30)， 14319-14324 (2005).. 

6. S. Utsumi， K. Urita， H. Kanoh， M. Yudasaka， K. Suenaga， S. Iijima， K. Kaneko， J. Phys. Chem. B， in press. 
7. K. Urita， S. Seki， S. Utsumi， D. Noguchi， H. Kanoh， H. Tanaka， Y. Ochiai， N. Aoki， M. Yudasaka， S. Iijima， K 

Kaneko，N，αnolett.， (in press). 

Corresponding author: Katsumi Kaneko 
Tel 81-43-290-2779 Fax 81-43-290-2788 e-mail kaneko(~ochem2.s.chiba-u.ac. io 
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Policy Recommendations from “Research Project on Facilitation of 
Public Acceptance of N anotechnology" 

oMasafumi Ata， Yumi Negami， Ken-ichi Ishibashi， Mizuki Sekiya 

Technology lnformation Division， Nαtionallnstitute of Advanced lndustrial Science and 
Technology μ1ST)， AIST To⑫oRωdquαrters Office， 10th Floor， Annex， Ministry of Economy 

T均 deandlnd問。y

1-3-1 Kasumigαseld， Chiyodaku， Toか0100-8921，Japan 

Four Japanese public research institutes1 played a core role in implementing the 
research project entitled “Faci1itation ofPublic Acceptance ofNanotechnology" under the 
financial support of the“Special Coordination Funds for Promoting Science and Technology" 
of Ministry of Educationラ Culture，Sports， Science and Technology (MEXT). The project was 
carried out with broad level of cooperation企ommany parties， inc1uding but not limited to 
universities， the private sector， joumalists and non-govemmental organizations. This project 
involved comprehensive research regarding the public acceptance of nanotechnologies， and 
the project promoted research through five working groupsへThefindings from the research 
project were summarized and reported to the MEXT in March 2006. 

We present a variety ofrecommendations in the talk that wi11 help nanotechnologies 
become accepted in Japanese society， foster an atmosphere ofpublic trust for these 
technologiesラ andensure that future societies benefit from them. The recommendations 
inc1ude actions that we as public research institutes should take now， that corporations should 
keep in mind as they move forwardラ andthat the Govemment should promote in its policiesJ

• 

To make the point of story more objective one， research trend of societal issues of nanocarbon 
materials is highlightedラ standardizationof carbon nanotubes， as well. 

[1] National Institute of Advanced Industrial Science and Technology (AIST， www.aist.go.jp)， National Institute 
for Environmental Studies (NIES， www.nies.go.jp). National Institute ofHealth Sciences (NIHS， 
www.nihs.go.jp)， National Institute for Materials Science (NIMS， www.nims.go・.jp)
[2] WG 1 “RiskAssessment ofNanomaterials" by AIST (Research Center for Chemical Risk Management) 
WG2“Health Impacts ofNanomaterials" by NIHS (Biological Safety Research Center) 
WG3“Environmental Impacts ofNanomaterials" by NIES (Environmental Health Sciences Division， 
Environmental Chemistry Division， Research Center for Environmental Risk)， University of Occupational and 
Environmental Health 
WG4“Ethical and Societal Impacts "by NIMS (Ecomaterials Center)， Nagoya University， Yokohama National 
University 
羽TG5 

Nanot旬echnologi氏es"by AI目ST(Technology Information Department， Metrology Institute of Japan， and 
Nanotechnology Research Institute)， Nanotechnology Business Creation Initiative (NBCI)， private corporations， 
universities， joumalists， NGOs， etc. 
[3] As the conclusion ofthis project， on February 1，2006 we organized an intemationa1 symposium entitled 
“Exp10ring the Smal1 World: Role ofPublic Research Institutes" at the U Thant Hall ofthe United Nations 
University in Tokyo. Report on the Intemational Symposium is now in press. 

Corresponding Author: Masafumi ATA 
TEL: +81-3-5501-0970， FAX: +8ト3-5501-0906，E-mail: masafumi-ata@aist.go.jp 

-4 -



特別講演5

3S-1 

Nano・patterningby single-molecule manipulation of fullerenes 

Yoshihiro Kubozono， Ryo Nouchi and Satoshi Fujiki 

Department 01 Chemistry， 0初yamαUniversiか，Okayama 700-8530， Japan，αnd 
CREST， Jcαrpan Science and Technology Corporation， K，αwaguchi 322-0012， Jcαrpan 

Nano-Patteming has been perfonned by single-molecule manipulation of fullerene 
molecules with scanning tunneling microscope (STM). Close-packed C60 layer was prepared 
on a Si(lll )-(7 x 7) surface by thennal deposition under ultrahigh vacuum of 10.'

り

Torr.The 
STM tip was placed on a target molecule in the C60 close-packed layer at sample bias voltage 
Vs and tunneling current It set points of 2.0 V and 1.5 nA， and the Vs was applied from -2.0 to 
0.0 V by 2.0 mV steps for 3 -15 ms. The C60 molecules were removed， and the voids were 
fonned corresponding to sizes from one to three molecules. This phenomenon may be based 
on a field-evaporation， which is realized as evaporation of S atoms in MoS2 surface [1]. These 
molecular-size voids could be easily transferred by an application of Vs from the STM tip to 
the molecules a司jacentto the voids. The removal of C60 molecules and movement of voids 
could be achieved at both negative and positive Vs. Consequently， the STM tip enabled a fine 
patteming with molecular-size voids on the C60 close-packed surface to be made at the 
precision of single molecules [2]. 

The STM tip was placed on the C60 close-packed layer at Vs and It set points of2.0 V and 
0.2 nA; the tip-molecule distance is longer than that for fonnation of molecular voids. The Vs 

of -3.0 or -3.3 V was applied 企omthe STM tip to the close-packed layer for 30 s. This 
provided a beautiful polymer ring of C60・Theouter and inner diameters of polymer rings 
increased with an increase in Vs• The fonnation of polymer ring shows that both 
polymerization of C60 molecules and depolymerization are induced at the same time by the 
application of Vs. Here we proposed a model that the holes injected from the STM tip 
propagate radially and consume the energy in the close-packed layer， and the holes with high 
energy near the center induce depolymerization and the holes with low energy can induce 
only the polymerization. In factラ theenergy required for the polymerization is expected to be 
lower than that for depolymerization. Thus， our model well explains the fonnation of polymer 
nng. 

Furthennore the electrons injected from the STM tip were also found to produce the 
polymer ring. The outer and inner diameters were larger than those of the ring fonned by 
hole-injection. This result may be explained by the difference in electron-phonon coupling in 
LUMO/LUMO+ 1 and HOMO/HOMO-1. Furthennore， 1 will show interesting STM images 
produced by intera 

[1] S. Hosoki， S. Hosaka， T. Hasegawa， Appl. Sur. Sci. 60/61， 643 (1992). 

[2] S. Fujiki， K. Masunari， R. Nouchi， H. Sugiyama， Y. Kubozono， A. F可iwara，Chem. Phys. Lett. 420， 82 

(2002). 

[3] R. Nouchi， K. Masunari， T. Ohta， Y. Kubozono， Y. Iwasa， submitted 

Corresponding Author: Yoshihiro Kubozono 

TEL: +81-86-251-7850， FAX: +81・86・251-7853，E-mail: kubozono@cc.okayama-u.ac.jp 
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Chemical Modification and Photofunctionalization 

of Nanocarbon Materials 

Hiroshi Imahori 

Depαrtment of Molecular Engineering， Graduate School of Engineering， Kyoto University， 

Kyotodaigaku-katsura， Nishikyo-ku， Kyoto 615-8510， Japan 

Recent1y， many studies have been focused on nanocarbon materials inc1uding fullerenes 
and nanotubes. In particular， chemical modification and photofunctionalization of such 

nanocarbon materials have attracted much attention toward the development of solar energy 

conversion systems. We have prepared a variety of nanocarbon material-based 

nanostructures for molecular photovoltaics. In this talk， we will present the following three 

topics: i) bottom-up fabrication of porphyrin-fullerene composites， ii) hydrogen四 bonded

porphyrin-fullerene arrays， and iii) chemical modification of carbon nanotubes. First， we 

have developed novel photoelectrochemical systems based on supramolecular complexes of 

porphyrin and fullerene on nanostructured Sn02 electrodes. The bottom-up self-assembled 

film of the composite c1usters exhibited an incident photon-to-photocurrent efficiency (IPCE) 
of up to 59%. Secondly， hydrogen bonding effects on surface structure and 

photoelectrochemical properties have been examined in a mixed film of porphyrin and 

fullerene composites with and without hydrogen bonding on ITO and nanostructured Sn02 

electrodes. Both the ITO and nanostructured Sn02 electrodes modified with mixed films of 

porphyrin and fullerene composites with hydrogen bonding revealed efficient photocurrent 

generation comp訂 edto the reference systems without hydrogen bonding. These results 

show that hydrogen bonding is a highly promising strategy for the fabrication of donor and 

acceptor composites on nanostructured semiconductor electrodes， which exhibit efficient 

photocurrent generation. Finally， Bingel reaction has been successfully applied to sidewall 

functionalization of single-walled carbon nanotube (SWNT). The basic physical properties 

of functionalized SWNT by Bingel reaction have been examined in detail for the first time. 

More important1y， the electronic properties of SWNT are largely retained after sidewall 

modification by Bingel reaction without apparent selective reactivity for metallic and 

semiconducting SWNTs. Thus， the present covalent functionalization is a potential 

methodology for constructing molecular devices in which SWNTs modified with photoactive 

and/or electrochemically active chromophores can be employed without losing their intrinsic 

electronic properties of SWNTs. 

[1] H. Imahori， 1. Phys. Chem. B， 108， 6130 (2004). [2] H. Imahori， Org. Bioniol. Chem.， 2， 1425 (2004). [3] H. 

Imahori and S. Fukuzumi， Adv. Funct. Mater.， 14， 525 (2004). [4] T. Hasobe， H. Imahori，P. V. Kamat， T. K. Ahn， 

S. K. Kim， D. Kim， A. Fujimoto， T. Hirakawa and S. Fukuzumi， J. Am. Chem. Soc.， 127， 1216 (2005). [5] H. 

Imahori， A. Fujimoto， S. Kang， H. Hotta， K. Yoshida， T. Umeyama， Y. Matano and S. Isoda， Adv. Mater.， 17， 

1727 (2005). [6] H. Imahori， A. F町imoto，S. Kang， H. Hotta， K. Yoshida， T. Umeyama， Y. Matano， S. Isoda， M. 

Isosomppi， N. V. Tkachenko and H. Lemmetyinen， Chem. Eur. J.， 11， 7265 (2005). [7] S. K加 g，T. Umeyama， M 

Ueda， Y. Matano， H. Hotta， K. Yoshida， S， Isoda and H. Imahori， Adv. Mater.， in press. [8] H. Imahori， J.-c. Liu， 

H. Hotta， A. Kira， T. Umeyama， Y. Matano， G. Li， S. Ye， M. Isosomppi， N. V. Tkachenko and H. Lemmetyinen， J 

Phys. Chem. B.， 109， 18465 (2005). 

Corresponding Author: Hiroshi Imahori 
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1圃 1

Mechanical and Electrical properties of Carbon N anotubes 

o Shintaro Sawaya 1， Se討iAkita 1， Yoshikazu Nakayama 1，2 

1 Department of Physics仰 dElectronics， Osaka Prefecture Universi帆

1-1 Gakuen-cho， Naka-ku， Sakai， Osaka 599-8531， Japan. 

2 Frontier Research Center， Graduαte School of Engineering， Osaka Unかersity，

2-1 Yamadaokα，Suita，Osa此a565-0871， Japan 

Mechanical and electrical properties of carbon nanotube (CNT) are affected by its 

defects or crystallization. We have investigated a relation between the mechanical strength 

and the maximum allowable current as an electric proper句Tfor multi-walled CNTs. 

Carbon nanotubes used in this study were synthesized by chemical vapor deposition 

(CVD) and annealed at a temperature over 2000 oC. The mechanical strength ofthe CNTs was 

measured from the resonant frequencies of CNT cantilever vibrations in a scanning electron 

microscope (SEM). After the mechanical strength was measured， the free end of the CNTs 

was contacted with a Pt-coated silicon cantilever by a SEM manipulator. Then an excess 

current was applied to the CNT to induce electrical breakdown. The maximum allowable 

current density Imax was obtained from the excess current and length and diameter of the CNT. 

Figure 1 shows a relation between Young's 

modulus and Imax・TheYoung's modulus of the CNTs 

were widely spread in a range of 0.1 ~ 1.9 TPa. The 

CNTs with a higher Imax show a higher Young's 

modulus. The value of /，立Jaxsaturates to 3μA1nm when 

the Young's module is higher than 1 TPa. Whereas 

highly graphitized CNTs which are synthesized by arc 

discharge show similar Young's modulusラ thevalue of 

Imax is around 7μA/nm. This indicates that the defects 

affecting the mechanical strength are different from 

those affecting the electrical conduction. It is noted that 

the Y oung' s modulus was measured in a small 

deflection limit. The molecular dynamics simulation in 

4 

3.5 

p 、 3

E 25 

ミ2

!

s

e

 

F
4

，，
E
I
 

o
b
L
U
 

司、
f
n
a

a
u
w
 

p
o
n
 

5
T
Y
出

4
1
i
t

一

a

s
n
 

U
記

m

u
引

u

d
片
山

n

T
o
d
-
w
u
 

m
b
航、n

w
U

5
↑
g
ゆ

-
n
h
u
d
 

〔

u
h
M
n

o
e
a
 

-

Y

R

e

t

 

ァ

l

d

n

t

l

F

L

I

-

-

河
川

ρ
L

4

l

E

d

n

u

・，パ
U

れ
L

i

〕

0

0

0
げ
は

話
E

〔

日

mω

this region predicted th剖 pinholedefects in CNTs do not affect the resonant企equency[1]. 

Therefore， the defects in the examined CNTs might be mainly the pinhole defects. 

Reference: [1] Y. Hirai et al.， Jpn. J. Appl. Phys. 42， 4120 (2003) 

Acknowledgment: The authors acknowledge Nikkiso Co.，LTD. for providing CNTs. 
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Diameter effect for plastic bending of carbon nanotube 

oHideki Mori1
， Shigenobu ugata2，3ぺJuLi5， Seiji Akita1

， Yoshikazu Nakayama1
，4 

1 Department of Physics and Electronics， Osaka Pr，φcture Universiか

1-1 Gakuen-cho， Sakai， Osaka 599-8531， Japan. 
2Center for Atomic and Molecula Technologies.， Osaka University， Osak.α565-0871， Japan 

3 Department of Mechanical Engineering， Osak.αUniversity， Osaka 565-0871， Japan 
"Handai Frontier Research Center， Graduate School ofEngineering， Osaka University， 2-1 

Yamadaoka， Suita， Osaka 565-0871， Japan 
5 Department of Materials Science and Engineering， Ohio State Universi帆 Columbus，Ohio 

43210， USA 

Getting control over 
plastic deformation of 

carbon nanotubes (CNTs) 
is vital to prepare 

functional elements for 

miniaturized electronic 

and mechanical devices. 

Recent1y， Nakayama et α1. 
succeeded in plastically 

deforming single-wall 
carbon nanotube (S¥¥弓U)

in-situ in transmission 

electron microscope 
(TEM)[l]. The 

Stone-Wales (SW) 

defect nuc1eation and splitting of two 5-7 defects cause plastic deformation. Plastic bending of 
single-wall carbon nanotubes (SWNTs) is analyzed using minimum energy path calculation 

with a bond-order potentia1. The calculation demonstrates that plastic deformation is 

thermodynamically favorable above a threshold “yield curvature" pyield. This threshold 
behavior is the consequence of an interesting plastic confinement effect at the nanoscale. The 

exact derivation is rather cumbersome， but an approximate scaling can be found 
straightforwardly. Roughly speaking， the 5-7 defects wi11 migrate from the point of the highest 
stress to the neutral plane where the stress is zero. Therefore， migration length of 5-7 defects is 
proportional to tube diameter D. From e1astostatics and dislocation theory， Pyield should be 
roughly proportional to DてWesee that the approximate scaling agrees quite well with the 
actual numerical resu1ts. 

2.5 

Fig.l (a) The process of plastic deformation for bond rotation， (b) the yield 

curvature Pyield versus the tube diameter D. 
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References: [1] Y. Nakayama et al.， Jpn 1. Appl. Phys. 44 L720.(2005) 
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Thermal conductivity of an SWNT with micrometer length 

OJunichiro Shiomi and Shigeo Maruyama 

Department 01 Mechanical Engineering， The Universiかザおかo

完全1Hongo， Bunkyo-ku，あわ10113-865丘Japan

With expectations for SWNTs to possess high thermal conductivityラ therehas been a 

number of theoretical， numerical and experimental works reported to identi布 thethermal 

conductivity of SWNTs and their dependence on the geometrical parameters. With recent 

advances in synthesis and measurement techniques， a few experimental studies were recently 

reported on thermal conductivity of suspended SWNTs with lengths of a few micrometers [1ラ

2]. Now， the demand for reliable numerical simulation results is greater than ever not only for 

validations of the experimental results but also for probing the detail characteristics heat 

conduction that are not accessible with experiments. Here， we intend to provide a dataset on 

thermal conductivity using non-equilibrium molecular dynamics simulations (MD) for a wide 

range of nanotube length up to 3.2μm， which covers the lengths investigated in the 

expenments. 

An important feature of the SWNT thermal conductivity lies in the length dependence. 

The thermal conductivity depends on the length because the phonon ballistic limit is longer 

than the typicallength of SWNT in practical situations. The results of the measurements (Fig. 

1) indicate that there are two length regimes; the shorter length regime where the contribution 

of diffusive-ballistic phonon transports from a wide range of phonon branches including 

optical phonons [3]， and the longer regime where 

the phonon transport is dominated by the key 

phonons with ballistic length longer than the 

tube length. In the latter regime， the thermal 

conductivity diverges with power-law 

dependence with respect to the nanotube length， 

which indicates that the limit of ballistic phonon 

transport exceeds 3.2μm. Furthermoreラ the

diameter dependence of the thermal conductivity 

reveals the dimension of heat conduction. 
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[1]. C. Yu et.al.， Nano Le悦.5，.(2005) 1842. 

103 [2]. E. Pop et.al.， Nano Lett. 6，. (2006) 96. 

of thermal 

for different 

techniques and 

Fig. 1. Length dependence 

conductivity of SWNTs 

temperature control 

nanotube diameters. 
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Field-Effect Modulation of Contact Resistance between Carbon N anotubes 

ORyota Sato1

へ
YoshihiroKodama 1ぺEijiShikoh1

，2， Hiromichi Kataura3， Akihiko Fujiwara1，2 

lSchool ~川ぬterials Science， .lcαrpan Advanced lnstitute 01 Science and Technology， 

1-1 Asahidai， Nomi， lshikawa， 923-1292， Japan 

2CREST-JST， 4-1-8 Honchou， Ka干vaguchi，Saitama， 332-0012， Japan 

3N1αnotechnology Research lnstitute， Nationallnstitute 01 Advanced lndustrial 
Science and technology， 1-1-1 Higashi， Tsukuba 305-8562， Japan 

Thin-film field-effect transistor (TFT) of carbon nanotubes (CNTs) has attracted great 

attention for applications [1]; the advantages of CN下TFTsare their high current capacity， 
stability and simple fabrication-process， Although great progress in performance of 

CNT-TFTs has been reported， detailed mechanism of device operation has not been c1arified. 
Local transport can be measured by using of conducting AFM with nano-meter resolution [2] 

and the technique was applied to the evaluation of field-effect transistor of CNTs [3]. 1n this 

studyラ wehave investigated local transport measurement of CNT-TFT by conducting AFM 

and observed modulation of contact resistance 
between CNTs by field-effect. 
Figure 1 shows a schematic of conducting AFM 

measurements on CNT-TFT. CNT-TFTs were 

fabricated by solution process [4]. Local current 
images of a CNT-TFT for three different gate 

voltages are shown in Fig. 2. Clear gate voltage 

dependence of current was observed. Especially， 
large modulation of resistance was observed at 

contact resistance between CNTs. It is conc1uded Figure 1. A schematic of conducting 
that the contact resistance between CNTs can be 
controlled by gate voltage in CNT-TFTs. 
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AFM measurements on CNT-TFT. 

Figure 2. Local current images of a CNT-TFT for V G =・20，0，20V. 

References: [1] E.S. Snow et a1. Appl. Phys. Lett. 82，2145 (2003). [2] A. Fujiwara et a1.， App1. Phys. Lett. 80， 

1993 (2002). [3] Y. Yaish et a1. Phys. Rev. Lett. 92， 046401 (2004). [4] M. Shiraishi et a1. Chem. Phys. Lett. 
394， 110 (2004). 
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FEM Observations of Behavior of Single Gas Molecule on Pentagon 

at Multi-walled Carbon N anotube Tip 

Shunsaku Waki1， oKoichi HataI， Hideki Sato1， and Yahachi Sait02 

1 Graduαte School 01 Eng・，Mie Univ.， 1577 Kurima-machiya， Tsu 514-8507， Japan 
2Graduate School 01 Eng.， Nagoya Univ.， Furo-cho， Nagoya 464-8603， Japan 

By field emission microscopy (FEM) using multiwall carbon nanotube (M\\巾~T) with 
clean surface， we have reported that six pentagons located at a tip of MWNT and behavior of 
a single gas molecule on the pentagons can be observed [1]ラ contraryto established theory 
that conventional resolution of FEM is about 2nm due to uncertain句Tof electrons. When a 
surface of MWNT tip is clean， a six pentagonal rings image corresponding to six pentagons 
can be observed. Adsorption of a gas molecule onto a pentagon often brings about a change 
from a pentagonal ring image to a bright circular spot image with stepwise increase of 
emlsslOn current， and vice versa. This time， different types of bright spot images were 
observed， and we report them. 
MWNTs were produced by arc discharge in helium gas. Clean surfaces of MWNTs were 

obtained by resistive heating for about a minute in an ultra-high vacuum with 6 x 10-" Pa. 
Figure 1(a) shows an FEM image from a single MWNT after an adsorption of a molecule on a 
pentagon. The molecule was obtained as a gourd-shaped bright spot indicated by an arrow. 
The bright spot image indicated f1ip-f1op motions between adsorption states shown in Figs. 
1(a) and 1(b)， and then changed a brighter circular spot as shown in Fig. l(c). The 
gourd-shape of the bright spot suggests that the adsorbate was a diatomic molecule such as H2， 
N2ラ orCOラ andits molecular axis was parallel to the substrate pentagon. The change of FEM 
image into Fig. 1 (c) can be explained as following; the molecular axis was stood 
perpendicular to the substrate pentagon by the electrical fieldラ sothe emission current was 
enhanced due to increase of the dipole moment of the molecule. 
This work has been supported by the Japanese乱1inis佐yof Education， Cultureラ Sports，

Science and Technology for the Cooperation of lnnovative Technology and Advanced 
Research in Evolution Area project， and for the foundation of Grant-in aid for Scientific 
Research (B)， No. 18360023. 

Fig. 1. FEM images from a MWNT adsorbed a single gas m01ecule onto a pentagon 

[1] K. Hata et al : Ultramicroscopy， 95 (2003) 107. 

Corresponding Author: Shunsaku Waki， TEL & FAX: +81・59-231・9404，E-mail: lY誌i<okm.elec.mie・u.呂c.jp
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Electronic structure calculation of gate圃 biasedcarbon nanotube: 

Possible Stark effect 

o Koichi Kusakabe， Yoshihisa Minamigawa， Minoru Otani， Osamu Sugino 
and Naoshi Suzuki 

Graduate School 0/ Engineering Science， Osaka Univers航路'yonaka，Osaka 560・8531，
Japan 

The Institute 0/ Solid State Physics， Universi.秒o/Tokyo，Kashiwa， Chiba， 277・8581，J.αrpan 

Abstract: 

The nanotube field-effect-transistor (FET) structures are fabricated in many groups and their 
characteristics are attracting much interest in many aspects. Applied gate四 biasmay rather 
drastically modify the electronic structure of nanotube. Understanding of the precise 
electronic structure in FET is expected to provide key knowledge to design new functional 
nanotube device. 
We have performed first-principles calculations of gate-biased carbon nanotube， which 
represents a section of the nanotube in an FET structure. Gate bias introduces charge carrier 
into the nanotube， which is assumed to connect with electron reservoir. Continual chemical 
potential shift is actually made possible in the recently developed calculation techniqueラl.e.
the ESM method.[l] The calculated charge density shows that bias-induced charge 
accumulation occurs in both metallic and insulating nanotubeラ whenthe bias is strong enough 
depending on the electronic band structure. The band structure around the conduction-band 
bottom (CBB) or the valence-band top (VBT) is almost identical even when the chemical 
potential is shifted and the extra charge is introduced. Thus the rigid band picture holds rather 
well. But， the induced charge density is accumulated on a side of the wall c10se to the gate 
electrode. The electron wave function which is in CBB and the hole wave function which is in 
VBT are modified spatiallyラ butin an opposite direction with each other. Thus the Stark effect 
is c1early seen in the gate-biased nanotube. Since the nanotube is an ideal quan印mwire， the 
quantum confined Stark effect is expected.[2] Our data supports this picture. Estimation ofthe 
at仕actionbetween an electron and a hole is possible in an appropriate picture of the Frenkel 
exciton. If we construct the model of a gate-biased nanotubeラ electronsmove in the 
circumference direction on the tube， feeling a cosine potential due to the gate-bias. If the 
motion is in a spiral as shown for a chiral BC2N nanotube，[3] the one-dimensional elec仕on
motion is suffered by a cosine potential due to the gate bias and the specific exciton formation 
is expected in the nanotube. 

References: 

[1] M. Otani and O. Sugino， Phys. Rev. B 73，115407 (2006). 

[2] T. Takenhobu， et al， preprint. 

[3] Y. Miyamoto， S.G. Louie and M. Cohen， Phys. Rev. Lett. 76， 2121 (1996). 

Corresponding Author: Koichi Kusakabe 
E-mail: kabe@mp.es.osaka-u.ac.jp 
Tel: 06-6850・6406，FAX: 06・6845-4632
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OSusumu Okada， Takazumi Kawai， and Kyoko Nakada 

Institute of Physics and Center for Computational Sciences， Universi，砂ofTsukuba，
Tennodai， Tsukuba 305-8577， Japan 

Fundamental • Environmental Research Laboratory， NEC Corporation， Miyukigaoka， 
Tsukuba 305-8501， Japan 

Department of ChemistりJand Biological Science， Aoyama Gakuin University， Fuchinobe， 
Sagamihara 229圃 8558，Japan 

Atomic imperfections in the nanotubes are known to play crucial role to determine the 
electronic properties of them. The atomic defects (e.g. vacancies and interstitials) result in 
particular electron states of which wave functions are localized near the defects with dangling 
bond character. These localized states usually induce the reconstruction of the atoms around 
the defects， which reduces dangling bond energies albeit increase in stress energies. Such 
competition between electronic and elastic energies produces rich variety of atomic 
reconstructions of the nanotubes. In the present study， we perform the first-principle 
total-energy calculations on the densely defective carbon nanotubes. Our density白nctional
calculation shows that the divacancy aπay on the armchair nanotube spontaneously 
transforms into the topological line defect consisting of octagons and fused pentagons 
[Fig.1(a)]. In another divacancy arrangement [Fig. l(b)]， we find that the Stone.羽Tallestype 
bond rotation takes place with the energy barrier of about 1 e V repairing the atomistic defect. 
The results indicate that the tattered nanotubes with dense atomic vacancies are easily 
transformed into perfect cylindrical nanotubes under thermal annealing. 

(a) 、‘，
F'

L
U
 

〆
'
E
1

Fig. 1: Reconstruction pathways for (a) the divacancy array with tilted arrangement 

and (b) the divacancy array with parallel arrangement. In (b)ラ darkatoms denote the 

atoms conceming with the bond rotation. 

Corresponding Author: Susumu Okada 
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Theoretical Calculations for Mono聞，VacancyDiffusion 

on Carbon Nanotubes 

OTakazumi Kawai， Yoshiyuki Miyamoto 

Fundamentalαnd Environmental Research Lαboratories， NEC， 

34 Miyukigaoka， Tsukuba，Ibαraki， JAPAN 

For the development of carbon nanotube devices with high performance and high stability 

we have to take into account of defects on nanotubes， since defects such as vacancies and 
adatoms easily alter the properties of nanotube devices. 

In this paper， we will investigate the diffusion of mono-vacancy (MV) on nanotubes since 
M V  may change not only mechanical properties but also electronic properties of nanotube. 

Recently， atomic scale TEM measurements[l] successfully observe the mono-vacancies on 

nanotubes， although the diffusion of MV  s are not observed， yet. We consider the several 
diffusion paths which include two or three diffusion barriers along each path. Using the 

tight-binding potentials with nudged elastic band method， we find that the diffusion of 
vacancies on carbon nantoubes is anisotropic and depend on the diameter and chirality of 

nanotubes (see Fig.l). We will also discuss the effect of curvature on carbon nanotubes by 
comparing with the diffusion on a flat graphene sheet. 
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Fig.l Energy variation for mono-vacancy diffusion on (17，0) nanotube along (a) the tube axis direction and along 

(b) the circumference direction. The labels ‘A'，'B'，'C' indicate the different reaction along the diffusion path. 

The detail would be explained in the presentation. 

References: 
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Pressure-Induced Phase Transition of Carbon Nanotubes and Tetragonal 

N ew Crystalline Solid Carbon Phase: A Molecular Dynamics Study 

OSusumu Saito and Yuichiro Yamagami 

Department of Physics， Tokyo Institute ofTechnology 
2-12-1 Oh-okayαmα" Meguro-ku，おか0152-8551

Solid C60 is known to show pressure-induced phase transition企omvan der Waals solid to 
covalent-bond solids， i.e. the so-called polymerized C60 with several distinct crystalline 
phases inc1uding one-dimensional and two田 dimensionalpolymerized networks. The same 
kind of phase transitions under pressure would be an interesting issue to be addressed in the 
白ture.In the case of C60， the purified crystalline sample of solid C60 became available soon 
after the macroscopic production of C60. On the other hand， in the case of carbon nanotubes， 
the macroscopic production of single-wall nanotubes has been achieved but the production of 
uniform-topology sample is still to be achieved in the白ture.Therefore， the pressure induced 
phase transitions of carbon nanotube solids is now only be studied using the predictive 
theoretical method. 

In this talk， 1 will review various pressure induced phase transitions of nanostructured carbon 
materials studied by using the constant-pressure molecular dynamics methods. Especially the 
nanotube solids under the extemal pressure of about 20 GPa is found to show rich variety of 
phase transitions. Among them， the phase仕ansitionfrom single-wall carbon nanotubes into 
new te仕agonalcrystalline phase of carbon is of high importance and interest due to its 
complete four-fold coordination like diamond. We will report the energetics and the electronic 
properties of this new tetragonal phase studied using the density functional theory. 

Corresponding Author: Susumu Saito 
E-mail saito@stat.phys.titech.ac.jp 
Fax 03-5734-2739 
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Optically Active S羽TCNTs

ONaoki Komatsua)， Xiaobin Penga，b)ラTakanoriShimawakia，c)， Shuji Aonumac)， 

Takahide Kimuraa) and Atsuhiro Osukad) 

α) Department of Chemistry， Shiga UniversiりJofMedical Science， Seta， Otsu， 520-2192 

b) International Innovation Organization， Kyoto UniνersiかKアoto606-8501 

りOsαkaElectro-Communication Universiか~ Neyagawa， Osaka 572-8530 

d) Graduate School of Science，めotouniversiりうめoto606-8502 

We have reported that specific range of 

diameters of CNTs are extracted through selective 

complexation with diporphyrin nanotweezers to 

give much narrower diameter distribution.[1] The 

separation of CNTs based on molecular 

recognition was applied to optical resolution using 

chiral diporphyrin nanotweezers (Fig. 1)， 

resulting in obtaining optically active 

SWCNTs. SWCNTs (CoMoCAT) were 

extracted under sonication in the presence 

of (R)ー or(め-1.After removal of the 

nanotweezers， SWCNTs extracted with 

(R)-and (S)-1 showed the symmetrical 

CDs in the range of 300-1100 nm (Fig. 2). 

These results indicate that the extracted 

SWCNTs are optically active and， 

therefore， their chirality is recognized by 

the chiral nanotweezers. 

We thank Prof. Yasushi Kawai 

(Nagahama Institute of Bio-science and 

Technology) for CD analysis at 900-1100 

nm and Intemational Innovation 

Organization， Kyoto University for 

financial support. 
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Fig. 1 Diporphyrin nanotweezers， (R)-1 
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[1] N. Komatsu， M. D. Milton， A. Osuka， et al.， 

The 29th Fullerene-Nanotubes Genera1 Symposium， 

Kyoto. 

Fig. 2 CD spectra of extracted SWCNTs with 

(R)ーand(S)-1 in the range of 300-700 nm (a) 

and 900-1100 nm (b). 
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Spectroscopic study on the purified single.田walledcarbon nanotubes 

o Yongfu Liana， Yutaka Maedaa， Takatsugu Wakaharaa， Tsukasa Nakahodo
a
， 

Takeshi Akasakaa， * ， Said Kazaouib， Nobutsugu Minamib 

aCenter for Tsukuba Advanced Research Alliance (TARA Center)， 

University ofTsukuba， Tsukubα， lbaraki 305“857えJapan
UNationallnstitute of Advanced lndustrial Science and Technology， 

Tsukuba，lbaraki305-8562，Jcαrpan 

As-prepared single-walled carbon nanotubes (SWNTs) were dispersed in organic solvents via 

a wet chemistry procedure， and were fractionated by a dispersion-centrifugation cyc1e. Optical 

absorption and resonant Raman spectra confirmed that heavily functionalized amorphous 

carbon was企actionatedinto the early centrifuged solutions， whereas lightly functionalized 

graphite fragments as well as polyhedral carbon and metal catalysts partic1es were 白~actionated

into the late centrifuged solutions and residueラandthen highly pure and well dispersed SWNTs 

were collected from the middle centrifuged solutions. In sharp contrast to the starting materials， 

the purified and well-separated SWNTs 

demons仕ate many fine features， highly 

elevated intensity of the semiconducting 3 << 

absorptions in their UV-vis-NIR spectra. By 

referring to an “impurity-free" sample， the 

relative purity of the soluble sample reaches ! 2 
4 

a value as high as 160% with 

monodispersity of 5%. A determination of 

the extinction coefficients shows that the 

concentration dependence of the absorbance 

follows the Lambert-Beer' s law very well， 800 12叩 1600 2000 

nm 
and higher values in absorptivity than those 

reported previously are achieved. Fig. 1. The vis-NIR spectra of fractionated 

[1] Lian Y， Maeda Y， Wakahara T， et al. J. Phys. 

Chem. B 2004，108，8848. 

solutions SI to S10 normalized at 1316 nm. 

[2] Lian Y， Maeda Y， Wakahara T， et al. J. Phys. Chem. B 2003，107， 12082. 

Cor汀respond副ingAuthor: Takeshi註iAkasaka

E-mail: a比ka出sa北ka@t旬ar悶a.刷 lkub加a.a舵c.j加p 

Tel&Fax: +81-029-853-6409 

同 17-



1-12 

Cationic surfactant dispersion of Single-Walled Carbon nanotubes: 

hydrophilic chain length effects 

oCatalin Romeo Luculescu， Toru Ishii， Tadahiro Ishii， Hirofumi Yajima 

Department 01 Applied Chemistry， F，αculty 01 Science，おかoUniversiかofScience仰瓦4DAI)，
12-1 Funagawara-machi， Shinjuku-ku，おか0162-082丘Japan

The dispersion of Single-Walled Carbon nanotubes (SWNTs) in aqueous solutions was 

achieved in the presence of cationic surfactants from the trimethylammonium bromide fami1y. 

The surfactants differ from each other by only two carbon atoms in the hydrophilic chain and 

have similar chemical properties. However， the critical micelle concen仕ation(CMC) and 

solubility are quite different from each other. At 5 mg/ml all surfactants have a good solubility 

but the shorter member in the family， namely decyltrimethylammonium bromide， is not 

exceeding CMC. This kind of behavior prompted us to perform additional dispersions for this 

single surfactant at higher concentrations. 

The HiPco nanotubes were dispersed at a 0.25 mg々nlinitial concentration in a 5 

mg々nlsurfactant aqueous solution. The dispersion procedure employed ultrasonication with a 

3 mm diameter titanium microtip at 2 W/ml power densities for 1 hour in an ice bath. 

Immediately， the solutions were ultracentrifugated at about 200，000 g for 1 hour. The upper 

~ 70 % of dispersion have been collected carefully and was used for further analysis by 

absorption， emission and Raman spectroscopies. 

Surprisingly， the low hydrophi1ic chain surfactants are not able to disperse the 

nanotubes， whi1e for the average length chains the dispersions are not stable in time. 

At the same concentrations， the short hydrophilic chain surfactants could not 

overcome the strong van der Waals attractions between nanotubes and therefore they could 

not assure a stable dispersion. 
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Dispersion of CNTs in organic and aqueous solutions is one of the important factors 
for applications of carbon nanotubes to indus仕ies，. For this pu中ose，some physical 
adsorption techniques using sodium dodecyl sulfate [1]， cholic acid derivatives [2]， DNA 
[3，4]， polymers [5]， and polypeptides [6，7] have been reported. In many cases， an 
amphiphilic prope此Yis commonly required for their effective dispersion of CNTs in aqueous 
media. 

We have developed amphiphilic linear oligopeptides to disperse CNTs in water. In 
the present design， Gly and Phe residues were adopted as the hydrophilic and hydrophobic 
regions in these peptides， respectively (Fig 1). The dispersion of CNTs was estimated by 
means of UV-Vis absorption spectroscopy and TEM. All peptides were synthesized by 
solution method using Boc回 chemistryand determined by lH-NMR and elemental analysis. 
For dispersion of CNT:民eachpeptide was dissolved in water (about 0.5%) and CNT (1 mg) 
was added the peptide solution. Af王ersonicationラtheobtained suspensions were centrifuged， 
and then the supematants were used for all experimental analyses. 

The UV-Vis spectra of the supematants showed that the designed peptides can 
disperse CNTs in water and almost of CNTs form bundled structures. The formation of the 
CNT-bundle was also confirmed by TEM images. These resu1ts demonstrated that 
amphiphilic oligopeptides can disperse CNTs in aqueous solutions. 

lHy的Ql1ili~鴎副コ:即位ぬhéibi6 ReS!Oo] 
Fig. 1. Schematic representation of amphiphilic linear oligopeptides. 
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Fullerene cap growth and formation of carbon nano materials 

-N(naphthalene) and P(phenalenyl)・centerGrowth Model-
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Hachioji， 1bkyo 192-039~ Japan 

In the present paper， we will propose a new growth model for the formation of “fullerene 

nano cap structure"， in connection with understanding general formation mechanism of so 

called “carbon nano materials" such as fullerenes， metallofullerenes， carbon nanotubes and 

carbon nanohorn， etc. The presence of the fullenere cap structure has commonly been shown 

as a key carbon network structure by which the structures of fullerenes， metallofullerenes 

and carbon nanotubes are well characterized. However， so far， there has still been a limited 

numbers of knowledge directly related with understanding the growth process of these 

materials. However， understanding the growth mechanism and controlling network 

generation of carbon nano materials must be essentially important for the potential 

application of them to nano size devices or wires. Of particular importance is to directly 

control both diameter and chirality of single wall carbon nanotubes as grown process. 

In the present model， first， we assume that for all carbon nano materials， the formation 

of fullerene cap structure is commonly taken place. Furthermore， we also assume that at 

very early stage of the growth of these materials， the fullerene cap structures or almost 

cap-like structure commonly plays an essential role on determining the isomers offullerenes 

as well as the diameter and/or even chirality of carbon nanotubes. We propose here that only 

two types of carbon πsystem works as a center(like a seed of crystal growth) of growing 

carbon 5/6 network， i.e.， naphthalene(N-center) and phenalenyl(P-center) skeleton. 

Characteristic features of these two types networks are the followings.“N-center" has ten π 

electrons， thus it is stabilized by itself without adding or removing electrons. On the other 

hand，“P-center" has thirteen， odd number πelectrons， and adding one more electron 

results in stabilization of the skeleton. Therefore， the P-center is a good system in 

connection with metal atoms and plays a role on the formation of metallofulerenes， but the 

N-center is good for formation of empty fullerenes and carbon nanotubes. In the present 

work， we will demonstrate the result how some experimental evidences such as selection of 

isomers in empty and metallofullerene formation are rationalized by the present model. We 

will also present the reason why diameter distributions of carbon nanotubes are so narrow 

and why some of chir 
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The introduction of a small and controlled amount of water into the growth ambient of 

standard chemical vapor deposition (CVD) (hereafter denoted as super-growth) was reported 

to increase the synthesis efficiency of SWNTs to unprecedented heights [1]. From this 
water-stimulated catalytic activity [2]， dense， impurity-free， and vertically-aligned S¥¥明T

forests with mil1imeter-scale heights could be grown and be pattemed into scaled-up 

macroscopic organized structures with defined shape. These remarkable features make the 

super-growth CVD quite unique from existing SWNT synthesis methods， such as arc 

discharge， laser ablation， and other methods of CVD. 
Characteristics of super-growth CVD， such as high efficiency， catalyst free tubes， and 

carbon nanotube forests are well established [1-3]ラ butthe ongm of what makes the 
super-growth possible has not yet been identified. To understand the cause of super-growth 

CVD and the principle of water effects， microscopic observation of the effects is necessary. 
Recent1y， we developed a new approach to direct analyze microscopic phenomenon 

associated with the catalysts by transmission electron microscopy (hereafter denoted as Ball 
CVD) [4] and combined it with super-growth CVD to direct analyze the water effects 

microscopically. Here， we report the白rstmicroscopic and spectroscopic confirmation of the 

role of water in super-growth CVD by the Ball CVD procedure. Electron energy loss 

spectroscopy (EELS) mappings revealed the removal of the carbon coating of the catalyst 
partic1es， and the strong dependence on the growth of carbon nanotubes on the water leve1. 
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In the direct growth of SWNTs on substrates by CVD methods， preparation of the 
catalyst nanopartic1es is a crucial issue. Co-Mo binary catalysts effectively grow SWNTs 

either from CO [1] and from alcohol [2]. However， different values are reported as the 
optimum Co/Mo atomic ratio; 113 for the former [1] and 111 for the latter [2]. The structure of 

catalyst nanopartic1es should be determined not only by the composition but also by the load 
of catalyst metals， and optimum conditions should depend on the CVD conditions. 

In this study， by using a combinatorial method [3]， the SWNT growth by alcohol 

catalytic CVD with Co-Mo catalyst was systematically investigated. From the mapping of 

catalytic activity against the concentration of these metals， it was found that both of these two 
regions were catalytically active. Furthermoreラ athigh pressure and longer time， the third 
region with a larger catalytic activity appeared at a large Co/Mo ratio (Fig.1). The mechanism 

for this incubation is unknown but this catalyst may be practically important in growing 

S¥¥弓.JTsat least from ethanol. Nanopartic1e s仕uctureof each region after annealing under H2 

atmosphere and a立erSWNT growth by CVD was analyzed by SEM. Nanopartic1es grew 
larger after CVD; indicating the agglomeration of Co nanopartic1es were accelerated by 
forming the solid solution with carbon (Fig.2). 

FigFig.l Map of cata1ytic activity against 
thethe concentration of meta1s 

Fig.2 SEM images of Co nanoparticles 
(a) after annealing under H2 atmosphere 
(b) after CVD reaction (SWNTs were removed) 
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Low resistance contact formation mechanism for carbon nanotube via 
determined by hard x-ray photoemission spectroscopy 
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Carbon nanotubes (CNTs) have been expected for use as wiring materials to solve several 

problems in future ULSI interconnects. Recently， we have succeeded in forming CNT vias 

whose resistance is in the same order as that of W plugs [1， 2]. To improve the via resistance， 

we have investigated the electronic structures at the interface between CNTs and metal 

e1ectrodes using by hard x-ray photoemission spectroscopy (PES). The PES measurements were 

performed at the BL47XU in the SPring-8 with the approval ofthe Japan Synchrotron Radiation 

Research Institute (JASRI) (Proposal No. 2005B0912). 

羽W勺emeasured Ti 2p core-leve1 s叩pe∞ct仕raof substrates after CNT growth for the fol1owing 

thre∞ecωatal防yst/九unde町r-laye町rsはtructu町1汀re出s:(a吋)Co 1ト-nmν/Ti2-nm 白臼1m，(b) Co 2.5 ・nmlTi 6-nm film and 

(c) 4.5-nm Co partic1es/TiN 5-nm film on silicon substrates. The growth temperature was 

450-510 oC. As the carbon source， a mixture of acetylene and argon gases was used. The 

resistance values of a 2μm-diameter-via were about 1 Mn， 0.7 n [1] and 0.59 n [2] for (a)， (b) 

and (c)， respective1y. In the spectra (b) and (c)， we have found features originated from the 

titanium carbide (TiC) and titanium nitride (TiN) ， respective1y. On the other hand， only a 

titanium oxide layer was observed in the sample (a)， which can be a reason for the high 

resistance. These results indicate that the existence of the 

TiC or TiN contact layer should be very important to 

realize low-resistance CNT vias. 
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Catalytic chemical vapor deposition (CVD) has been extensively investigated as a 
promising method for growing of carbon nanofibers (CNFs). It is well known that various 
structures of CNFs are formed by controlling growth conditionsラ suchas metal catalysts 
and reactant gases. We have previously reported that CNFs having an array of conical 
cavities with lengths of 300-800 nm were formed by alcohol CVD using indium tin oxide 

(ITO) and Fe as metal catalysts. We named these CNFs “conical-cavity CNFs 
(CC-CNFs)" because they have a unique structure containing conical cavities in a 
one-dimensional array at uniform intervals. Recently， we have reported that the CC-CNFs 
were easily snapped at their nodes that correspond to the bases of the conical cavities. 
Moreover， we succeeded in growing the CC-CNFs vertically on a substrate by controlling 
the amounts of the metal catalysts we used. These results suggest that vertically aligned 
aηays of conical cavities formed in CNFs make new carbon architectures possible. 

A substrate was prepared for CVD by spraying it with ethanol solutions of InCh， SnCh， 
and FeCh on a Si plate maintained at 4000C followed by heating it at 6000C for 30 min. in 
an Ar atmosphere. The CVD growth of the CNFs was carried out for 30 min. at a vapor 
pressure of ethanol containing a small amount of CS2・

Figure 1 shows a typical SEM image of tangled CC-CNFs obtained in our previous 
work. Observation by TEM revealed that the inner structure consisted of an array of 
periodic conical cavities with lengths of 300-800 nm (Fig. 2). Nodes of the CC-CNFs， 
which correspond to the bases of the conical cavities， are weak due to their very thin 
structure. The CNFs can easily be cut in a 1-10 pitch at the nodes by snapping the 
branches with mechanical force， such as ultrasonic irradiation. Figure 3 shows vertically 
aligned CC回 CNFsobtained when small amounts of metal catalysts were deposited on a Si 
substrate. We explored the most effective growth conditions of the vertically aligned 
CC-CNFs and studied a possible formation mechanism of the one-dimensional array of 
conical cavities. 

Fig. 1 As-grown tangled CC-CNFs. Fig. 2 TEM image of CC-CNFs Fig. 3 Vertically aligned CC圃CNFs

having array of conical cavities. on Si substrate. 
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The single-wall carbon nanohom (S¥¥明H)[1] is a new type of nanocarbon material. Its 

large surface areas and plentiful inner nanospaces suggest several potential applications. The 

unique physicochemical properties and the size of a single aggregate of SWNHs， along with 

企eedomfrom potential toxicity， suggest possible applications in the medical field， such as in 

drug delivery systems (DDS). Recently， the possibility ofusing SWNHs as an anticancer drug 

carrier was demonstrated [2]. In this study， we have used SWNHs to entrap a photosensitizer 

of zinc phthalocyanine (ZnPc) for photodynamic therapy 

The technique for incorporation of ZnPc to SWNHs used here was simi1ar to our previous 

study. The results of TEM and EDX showed that a large amount (40-50 wt.%) of ZnPc was 

incorporated into the SWNHs. A measurement of the local mass thickness with STEM 

demonstrated that ZnPc in SWNHs had a quite uniform distribution. Fluorescence spectra 

confirmed that ZnPc within SWNHs (ZnPc@NHs) rapidly induced the fluorescence 

quenching of 9ラ 10dimethylanthracene. This indicated that the ZnPc in SWNHs retained its 

photophysical property of singlet oxygen generation， which is critical for photodynamic 

therapy. We also examined the interaction of ZnPc@NHs with a plasma protein， bovine 

serum albumin， using the fluorescence technique. Results showed that ZnPc@NHs interacted 

with the albumin in an aqueous solution. This wi11 be helpful with regard to drug transfer and 

the selectivity of tumor targeting. 
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Single-walled carbon nanohoms (SWNHs) have come under the spotlight as a novel 

nanocarrier in drug delivery. It has been already shown that SWNHs can be loaded with 

small drugs such as dexamethasone and cisplatin， and that the loaded drugs are slowly 

released企omthe complex.[1，2] To develop the SWNHs as a drug ca汀 ier，howeverラ the

hydrophobic surfaces of SWNHs， which lead to the formation of large agglomerates， should 

be modified to acquire biocompatibility. To endow SWNHs with biocompatibility， 

polyethylene glycol (PEG) is one of promising materials. The immunogenicity of PEG is 

known to be very low and it has been widely used in biomedical applications to reduce 

undesirable interactions. Murakami et al. have found that the conjugates of PEG and a 

hydrophobic anticancer drug， doxorubicin， adsorbed onto the surfaces of SWNHs and 

solubilized them in aqueous media. [3] To expand the compatibility of SWNHs as a世ug

ca紅白r，the development of new dispersants that don't use drugs as binders will be of 

important. In this talk， we report the development of a new dispersant for SWNHs in which 

PEG is linked to a peptide aptamer (=a binder) against SWNHs. 

The peptide aptamer， NHBP-l， which specifically binds to the surfaces of SWNHs， 

has been previously isolated from a phage display library.[4] The N-terminus of NHBP-l 

was conjugated with PEG νia an amide linkage. To make dispersed solutions of SWNHsラ

the PEG-NHBP conjugates were mixed with SWNHs in water for several hours. The 

PEG判 HBPnon-covalently bound to SWNHs， and the SWNHs/PEG-NHBP complexes were 

homogeneously dispersed in aqueous media. The loading of a drug onto the 

SWNHs/PEG-NHBP complexes wi11 also be reported. 

[1] T. Murakami， J. Fan， M. Yudasakaラ S.Iijima， K. Shiba， Mol. Pharmaceutics， 1， 399 (2004). 

[2] K. Ajima， M. Yudasaka， T. Murakami， A. Maigne， K. Shiba， S. Iijima， Mol. Pharmaceutics， 2， 475 (2005). 

[3] T. Murakami， J. Fan， M. Yudasaka， S. Iijima， K. Shiba， Mol. Pharmaceutics， in press. 
[4] D. Kase， J. L. Kulp， III， M. Yudasaka， J. S. Evans， S. 1討ima，K. Shiba， Lαngmuir， 20， 8939 (2004). 
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Nanodiamond (ND) produced by detonation has been expected as a novel nanocarbon 

material with exclusive Sp3 configuration. However the promotion of the science and the 

industry of the ND prevented by the extremely tight agglutination among the primary 

particles. Therefore the properties of the primary particle have never been investigated well. 

Recently， we succeeded in isolating the primary particles of ND by the microbeads milling 

technique[l]， and become available in gram-quantities under the commercial name， 

NanoAmando⑧. The primary particles ofND can be dispersed as a stable colloid in water and 

also in a few polar organic solvents. The colloidal properties of dispersion are essential to 

reveal the property of a ND particle， and promote the science and technology of ND. We 

investigated the size distribution， pH resistibilityラ viscosity，c potential and color of ND 

colloidal solution. 

The disintegrated ND suspension contains >90wt% of primary particles. The colloidal 

stability of ND against pH variation shows th剖 thesurface of the ND particle is hydrophilic 

and has few acidic functional groups. The viscosity of the ND colloid reveals that the 

effective volume of the primary particle of ND is about ten times larger than the original 

volume of particle. This means that the thick electric double layer on ND particles makes the 

apparent diameter 2.2 times larger. The high c potential (~50m V) and low ion concentration in 
ND suspension (less than ~ 100 ppm determined by the elemental analysis) support the thick 

electric double layer. Above 4%(w/v) concentration ofNDラthecolloid exhibits time evolution 

of the viscosity (the thixotropic phenomenon) to form stable gel structureラ asthe resu1t of the 

development of the hydrogen-bond network surrounding ND particles. Strong absorbance of 

light by ND particles and the turbidity of the aggregates by Rayleigh scattering explain both 

absorption spec仕aof colloidal solution and rigid gel film ofND. The color (absorption in the 

visible region) ofND suspension may be at仕ibutedto the Plasmon of the particle surface， the 

lattice defects in the particle or surface modification 企om-sp3-to副 sp2of carbon. 

[1] A. Kruger， F. Kataoka， M. Ozawa， T. Fujino， Y. Suzuki， A. E. A1eksenskii， A. Ya. Vu1'， E. Osawa， Carbon， 43， 

1722 (2005) 
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Abstract: 

There has been great interest in the incorporation of foreign materials into fullerene-like 

carbon structures (C60， nanotubes， nanocapsules). Nanocapsules filled with LaC2 crystallites 

were discovered in carbonaceous cathode deposits grown by arc discharge under an inert gas 

atmosphere [1ラ 2].Although rare-earth carbides are hygroscopic and readily hydrolyze in 

moist air， the carbides in the capsules did not degrade even a白era decade of exposure. 

Moreover， empty nanocapsules and nanotubes are more resistant to oxidation than other fonns 

of carbon (such as diamond， soot， graphite， and C6o)[3， 4]. Therefore higher oxidation 

resistance is also expected for the filled nanocapsules. In this study protective nature of the 

outer graphitic cages of stuffed nanocapsules was demonstrated. 

Nanocapsules stuffed with LaC2 were heated in thennogravimetric analyser in the range 

of 20 -950 oc at a heating rate of 10 oC/min in excess air. Below 460 Oc essentially no 

weight loss was observed， suggesting no oxidation ofLaC2 in the nanocapsule. One ofheating 

runs was stopped at 460 Oc and the sample was examined by transmission electron 

microscopy (TEM) and energy dispersive X-ray spectroscopy (EDS). The observation showed 

that all carbon nanocapsules including filled and empty nanocapsules seen in the sample were 

completely unchanged， suggesting no degradation of nanocapsules up to 460 oc. On the other 

hand no undamaged nanocapsules were observed in the heating run stopped at 580 oc. Figure 

1 shows a typical TEM image of damaged nanocapsules. 

References: 

1. R. S. Ruoff， et al.， Science， 259， 336(1993). 

2. M. Tomita， et al.，やn.J. Appl. Phys.， 32， L280(1993). 

3. L. S. K. Pang， et al.， J. Phys. Chem.， 97，6941(1993). 

4. N. Yao， et al.， J. Mater. Res.， 13，2432(1998). 

Corresponding Author: Kazunori Yamamoto 

E-mail: yamamoto.kazunori@jaea.go.jp 

Tel&Fax: +81-29-282-6474&+81-29-284司 3813.

-28 -

附仁愛知""

tlH~~' M<19 200060准

Figure 1. TEM image of degraded nanocapsules 



2-5 

Encapsulation of polyyne molecules into single-wall carbon nanotubes 
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3Department of Applied Physics， Nagoya UniversiかNagoya464-8603， Japan 

4Institute戸rAdvanced Resωrch， NagoyαUniversity， and CREST/JST 

Polyyne molecules (C2nH2， n注2)，linearly bonded sp-carbon materialsラ
area model for ideal 

one-dimensional chemical structure. Although polyyne molecules are well known as one of 

the interstellar molecules， they are easily decomposed by attacks of air or humidity. Thus to 

date， investigations on the polyynes have been done in vacuum environmentsラ
dilutesolution， 

or in space fieldラ andalmost the studies are done by using mixture (not isolated) polyynes. In 

this work， we report a novel hybrid material: the polyyne-peapods. Well-purified polyyne 

solution (ClOH2 in n-hexane) and single幽 wallcarbon nanotubes were treated in liquid phase， 

and SWNTs encapsulating ClOH2 inside were synthesized. Characterizations of obtained 

materials were performed by using Raman and X-ray diffraction spectroscopy. 

Figure 1 shows Raman spectra of 

polyyne-peapods excited at 514 nm. Thick 

solid line is the spectrum of ClOH2-doped 

SWNTs and thin dotted line is of pristine 

SWNTs. In addition to usual Raman band of 

S¥¥市Hs(RBM， G， and G' etcよasalient signal 

at 2066 cm-1 
was c1early observed only in 

polyyne-doped sample， which can be 

attributed to a stretching vibration of ClOH2 

molecules. The Raman spectra obtained in the 

present work is the first detection of polyyne 

molecules in the “laboratory room" (= under 

ambient， at room temperature， and on solid)， 

suggesting a labile polyyne molecules were 

success白Illy encapsulated and stabilized in 

S¥¥市Hs.

Corresponding Author: Hisanori Shinohara 

Phone: +81-52-789-2482 / Fax:十81-52-789-1169
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AHigh圃 YieldSynthesis and Characterization of C60⑧DWNT Nanopeapods 

oGuoqing Ning1
， Naoki Kishi2， Masahiro Shiraishi2

ラ
ToshikiSugae， Hisanori Shinohara

1ユ

CREST， Japan Science and Technology Agency， C/O Department of Chemist.ηl， Nagoya 
University， Nagoya 464-8602， Japan 

Department of Chemistry and Institute for Advanced Research， Nα'goya Universi帆 Nα'goya
464-8602， Japan 

Here we report a high-yield synthesis of C60@DWNT nanopeapods by the vapor reaction 
method[l]. DWNTs of large diameters (1.5-5 nm) were prepared by CH4 cracking over 
Fe/MgO catalysts at 900口.At the Fe to MgO ratio of 0.03 the best selectivity to D¥¥弓..JTs
was obtained. A short reaction time (10 min) was found to be able to reduce amorphous 
carbons in the DWNTs. An air flow of 50 ml/min was introduced to the reactor when cooled 
to 450口 for10 min in order to remove the amorphous carbon. A simple purification 
operation， including liquid nitrogen仕eatmentand diluted acid washing， was adopted to obtain 
a purity of 96 wt% (by TGA). After the purification the DWNTs were heated in open air at 
450 C， which is a very important process for opening nanotubes. DW1'ぜTswith excessive C60 
were sealed in a glass ample under 5xlO-5 Torr and heated at 500口 for2 days. The 
as-prepared nanopeapods were characterized by TEM observation (Figure 1) and Raman 
spectroscopy. 

The inner diameter distribution ranging from 1.5 nm to 5 nm of the present DWNTs is 
considered as a significant factor to achieve a high yield synthesis of nanopeapods. As a 
comparison， DWNTs purchased from CNI company， which has a inner diameter distribution 
around 1 nm， are also used to synthesis nanopeapods， and we found that the yield of peapods 
is very limited due to smaller diameters of the DWNTs. The arrangements of C60 in DWNTs 
are observed to be different with diameters of nanotubes. The stability of the nanopeapods 
under electron beam is also discussed. 

ゃ与。

5口問 d λ 
戸「で宝ナ

Figure 1. HRTEM images of the C60@DWNT peapods. (a) the single chain phase peapods; 
(b) a bundle ofDWNTs peapods， indicating a high yield ofpeapods. 

[1] Hirahara K， Suenaga K， Bandow S， Kato H， Okazaki T， Shinohara H， Iijima S. Phys. Rev. Lett. 85: 5384 
(2000) 
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Field-emission properties of titanium carbide-coated carbon nanotubes 

o Lujun Pan， Tomoakira shoji and Yoshikazu Nakayama 

D々 partment01 Physics and Electronics， Osaka Pr，φcture University， 1-1 Gαkuen-cho， 

Nakaku， Sakai， Osa初 599-8531，Japan 

The investigation of field emlSSlOn from 

carbon nanotubes (CNTs) has been focused on 

how to increase the stabi1ity and uniformity and to 

decrease the tum-on voltage as field-emission 

devices. In this work， the effect of titanium 

carbide (TiC) coated on the surfaces of CNTs has 

been studied for the improvement of the 

field-emission properties. 

Carbon nanotubes were prepared by low 

temperature thermal CVD with the combination 

of preheating acetylene gas and using binary 

catalysts of pattemed Co/Ti film [1]. The grown 

CNTs were then coated with 1 nm-thick Ti layer 

by electron beam evaporation. The carbonization 

of the Ti layer was performed by the same CVD 

process mentioned above. The field emission 

properties from the sample before and after TiC 

coating were measured at a pressure of 10-6 torr. 

Figure 1 shows the SEM image of 

low-temperature grown CNTs. The diameters of 

the CNTs are ranged form 10 to 20 nm and their 

length is less than 5μm. Figure 2 shows the 

voltage-current curve of the sample before and 

after TiC coating. It is found that the tum-on 

voltage is largely decreased from 340 V to 220 V 

Fig. 1 SEM image of grown CNT pattems. 
The inset is an enlarged image. 

10-4 

~1O-6 

+-' 
C 

~ 10-8 

~ 

コ
仁3
10-10 

10-12 

0 

electrodes gap 

150μm 

200 400 600 800 1000 
Voltage (V) 

Fig. 2 Field emission current plotted as a 
function of applied voltage for the samples 
before and after TiC coating on CNTs. 

after the TiC coating. This result is explained by lowering the effective work function of the 

emitter by coating the TiC layer with the low work function of 2.35 eV. This consideration is 

also been confirmed by the decrease the slope of the F-N plot for the TiC coated CNTs. 

Furthermore， the improvements of uniformity and stability of field emission from the TiC 

coated CNTs have also been observed. 

Reference [1] G. Takeda， L. P組， S. Akita and Y. Nakayama， Jpn. J. Appl. Phys.， 44， 5642-5645 (2005). 

Corresponding Author: L. Pan， TEL& FAX: +81-72-254-9265， E-mail: pan@pe.osakafu-u.ac.j 
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Formation ofHoneycomb-Patterned Single-Walled Carbon Nanotubes 

o Hisayoshi Takamori， Yasuro Niidome and Naotoshi Nakashima 

Department 01 Applied Chemistry， Graduate School 01 Engineering， Kyushu University， 

744 Motooka， Nishi-ku， Fukuoka 819-0395， Japan 

Microporous thin films have received increasing interest in recent years because of their 

potential application in the fields of electronics， biotechnology and photonics. There are a 

number of techniques that have been studied for the production of well-controlled 

microporous filmsラ suchas colloids particles and block copolymer as templates， for instance. 
Francois et al. first have reported that honeycomb-pattemed porous polymer films are able to 

be prepared by simple casting from a carbon disulfide solution of polystyrene-

polyparaphenylene block copolymer under high humidity[l]. Hexagonally packed water 
microdroplets acted as the template around which the polymer in the solution， then 
honeycomb structure is creating. 

This study aims to fabricate carbon nanotube-based 

honeycomb structures. In this study， we prepared a polyion 
complex of single-walled carbon nanotubes (SWNTs) and 
trialkylmethylammonium chloride (1， Figure 1)， and have 
succeeded to fabricate SWNTs-based honeycomb structure by Figure 1. Chemical structure 
casting from a chloroform solution of a SWNTs-l composite of 1. 
nanomaterial on a glass substrate (Figure 2). Details will be 
reported at the meeting. 

CH3 (CH2)11¥+Cl 
CH3 (CH2)11-づ仲-CH3
CH3 (CH2)1f ....... 

、.，F
Lυ 

〆
a
E

‘、

Figure 2. Microscope images for a cast film ofSWNTs-l. 
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Carbon nanotubes as lubricant additives 

o L. Joly-Pottuz1みへ J.M.Martin 1
ラ
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3: Dψαrtmentyf Mechanical Engineering， Kobe Universi帆
1-1 Rokkodai， Nada， Kobe 657-8501， JAPAN 

In the fu旬re，a new research area in tribology is finding less polluting new additives 

as well efficient as those used today
ラ
interms of friction reducing and antiwear properties. 

Traditional additives are mainly organic compounds containing sulphur and phosphorous. 

Their antiwear mechanism is based on a tribochemical reaction leading to the generation of 

harmful liquid and gaseous products. The pu叩oseof this study is to investigate the 

tribological properties of some carbon nanotubes (NTs) when used as additives in a lubricant 

base oil. Because of their unique morphology， these “nanobjects" are thought to have 

interesting tribological properties. Because they contain only carbon and metal catalysts， they 

are expected to be less harmful for the environment. Moreover， their structure， without 

dangling bonds， confers them chemical inertness. Finally
ラ theirnanometric size could allow 

them to enter more easily into the contact gap and to become tribologically active directly in 

the contact area. NT additives could be used in smaller quantities than organic compounds in 

order to obtain good tribological properties. Tribological performances of Ni/Y-based single 

wall carbon nanotubes (SWNTs) additives have already been reported in a previous work [1]. 

SWNTs are able to reduce significantly both企ictionand wear in boundary lubrication. 

However， the mechanism of action is very complex and not known. Particularly， the role of 

the metal needs to be clarified. In this work， we compare the tribological performances of 

Ni居:"basedS¥¥明 Ts，me旬l-freeSWNTs， Fe-based multi明 allcarbon nanotubes (MWNTs) 

and metal-企eeM\\乃~Ts.

Carbon nanotubes can present very interesting tribological properties in terms of 

friction reduction and anti-wear efficiency. These properties can be explained by the 

formation of a metal-doped DLC-like tribofilm during friction tests. Betier tribological 

properties are observed in the case of single wall carbon nanotubes containing Ni/Y catalyst 

particles. This suggests that catalyst particles are necessary to obtain good tribological 

properties with NT additives 

[1] L. Joly-Pottuz， F. Dassenoy， B. Vacher， J.M. Martin and T. Mieno， Tribology Intemational 37 (2004) 
1013-1018. 

*Corresponding Author: Lucile Joly-Pottuz (present address: University ofKobe) 
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Molecular spin-electronics: spin-dependent transport in C60 fullerenes 

oShinji Miwa， Shingo Nishioka， Kenta Ohta，乱1asaki恥1izuguchiラ

Teruya Shi吋0，Y oshishige Suzuki and Masashi Shiraishi 

Graduate School ofEngineering Science， Osaka University， Osaka 560-8531， Japan 

In addition to charge， spin is another important degree of freedom in electrons. The discovery of 

the giant magnetoresistance (GMR) effect [1] induced a practical use ofthe spin-polarized carriers in 

materials， for instance recording and memory. Recently， much effort has been devoted in extending 

the spin-dependent transport phenomena to molecular electronics， because weak spin-orbit interaction 

in molecules let us expect long spin lifetime. The first experimental result of ‘molecular 

spin-electronics' was reported by Tsukagoshi et al. [2] in 1999. They observed spin-dependent 

transport in multi-walled carbon-nanotubes. But there are some technical issues in this research field， 

and not so many results， which are reliable， were reported so far [3]. 

In the present work， we have chosen to use the 

C60 fullerene as the materials for molecular 

spin-electronics. We think fullerene is one of the most 

suitable molecules for spin-electronics because of its 

comparatively high mobility and expectation of weak 

spin orbit interaction arising from its element， carbon. 

We fabricated a C60-Co nano-composites device (Fig. 

1) to observe spin-dependent transport in C60s. In 

preparation of samples， we fabricated gold electrodes， 

of which gap was 10μm (length) x 3.5 mrn (width)， 

onto glass substrates by photolithography and then 

C60・Co nano-composites were deposited in high 

vacuum. Here Co nano-partic1es are embedded in C60 
molecules. The ratio of C60 to Co was estimated to be 

C60-Col1 (11 Co atoms per one C60 molecule). Finally 

we covered the nano-composite by capping layers for 

preventing the Co c1usters from oxidization. 

Magnetoresistance (MR) measurements were 

carried out using cryostat with superconducting 

solenoids， and we observed a MR effect to be about 

ザ

ふん仇ふ側、:も議 3よふ、¥械/ ヌ予
‘…………争噌……令‘------_...，，，，，..

111111 

41治111 1 uw滋 4総 lli

Fig. 2 Schematic image in the C60・Co

8% at 4.2 K， where the observed MR was ascribed to magnetization of the Co nano-partic1es. 

Although the MR effect decreases as the temperature increases， we succeeded in observing the MR 

effect even at room temperature. This result shows that spin-dependent transport in C60 was conducted 

(Fig. 2) and this work can be ofhelp to develop the research field ofmolecular spin-electronics. 

This study was supported by New Energy and Industrial Technology Development Organization 

(NEDO). 

[1] M. N. Baibich et al.Phys. Rev. Lett. 61，2472 (1988). 

[2] K. Tsukagoshi et al.， Nature 401，572 (1999). 

[3] Z. H. Xiong et al.， Nature 427，821 (2004). 
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Electronic States and Phonons in C60 Superconductors 
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University， Uji，めoto611-0011， Japan: 4Institute of Materials Structure Science， High 

Energy Accelerator Research Organization， Tsukuba， 305-0801， Japan 

Since the finding in high Tc in C60 fullerides in 1991， a series of C60 superconductors 

have been reported to date. However， some of them were not rea1istic if one can accept 

the sophisticated recent theories for exp1aining the mechanism of C60 superconductivity. 

We have continued to clarifシwhether some 

questionab1e 白llerides are indeed 

superconducting or not， because this IS 

scientifically very important. Another important 

Issue m C60 superconductors has been the 

determination of phonons mediating 

superconductivity. We have made experiments for 

settling down these two issues. Recent carefu1 

studies of rare-司earth C60 fullerides have 

successfully shown that the previous assignment of 

the superconducting phase in RE2万 C60(RE=Yb 

and Sm) is not correct [1] and the rea1 

superconducting phase resides in the tlg-associated 

band [2]. Furthermore， the superconductivity 

appeanng 企omC60 doped with La comes from the 

La carbides [3]. We have now been approaching to 

survey the phonons mediating Cooper electron 

pairs using Hre 

懇::=La

撃事

穆~

Fig.1 Structural 

superconductors. 
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[1] E. Ozdas， Nature 375，126(1995)， [2] M. Akada et al.， Phys. Rev. B， 72， 132505-1 (2005). [3] M. 

Akada et al.， Phys. Rev. B， 73， 94507・1(2006). [4] M. Akada， 30th Fullerene and Nanotubes 

symposmillラMeizyo.
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Morphology of C60 Crystals Synthesized in a Microfluidic Device 

OKyosuke Shinohara
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Bunわlo-ku，おか0，Japan 
3 Department 01 Enviromen乙UniversiかolToわ叫 5-1-5Kashiwanoha， Kashiwa， Japan 

Since their initial discovery in 1985 [1]， Fullerene C60 has attracted significant attention 

for their unique physical and chemical properties [2]. In terms of technological issues， 
fabricating C60 crystals with complex shapes for practical uses is a very important challenge. 

Recent1y， the liquid/liquid interfacial precipitation method for the synthesis of needle-like C60 

nanowhisker crystals was reported [3，4]. However， the bulk structures of these C60 crystals 

were all uniform and were single-dimensiona1. 
Here， we report unusual structures of C60 crystals inc1uding tubes， trees， branchesラ

hollow-ended columns， multiple pods， short prisms， and needles synthesized in a microfluidic 

device using a simple liquid/liquid interfacial precipitation method. The C60 crystal 

morphology is categorized mainly by temperatureラ andis similar to the morphology of snow 

crystals [5]. This simple method yields complex geometries of C60 crystals quickly， and could 
be applied to all materials synthesis techniques that use liquid/liquid interfacial precipitation. 

[1] H. W. Kroto， 1. R. Heath， S. C. O'Brien， R. E. Curl and R. E. Smalley， Natur玖 318，162 (1985). 

[2] A. F. Hebard， M. 1. Rosseinsky， R. C. Haddon， D. W. Murphy， S. H. Glarum， T. T. M. Palstra， A. P. Ramirez 

andA. R. Kortan， Nature， 350，600 (1991). 

[3] K. Miyazawa， Y. Kuwasaki， M. Obayashi and M. Kuwabara， J. Mater. Res.， 17， 83 (2002). 

[4] S. H. Lee， K. Miyazawa and R. Maeda， Carbon， 43，887 (2005). 

[5] K. Libbrecht， Rep. Prog. Phys.， 68， 855 (2005). 
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Synthesis of polymer包edfullerene nanowhiskers 
by in-situ UV light irradiation 

OSatoru MOTOHASHI and Hironori OGATA 

Department 0/ Material Chemistηj Hosei University 
Kajino-ch03-7-2， Koganei，おかo184-8584， Japan 

It is well known that high molecular weight polyfullerene is prepared from 
photochemical reaction in fullerene solutions [1]. Recently， photochemical 
polymerization by laser irradiation after the crystallization in fullerene nanowhiskers is 
reported [2]. In the present study， we report the synthesis of polymerized C60 
-nanowhiskers (C6o-NWs) by irradiating ultara-violet (UV) light in-situ. 
The saturated m-xylene solution of C60 was prepared and pored into a bottle. Then 

isopropyl alcohol was added into the bottle to form a liquid-liquid interface [3]. The 
bottle was capped and kept under UV light 
(400W mercury lamp) at room temperature. I (a)pristine C田

The fibrous crystals were precipitated from 
the liquid-liquid interface. 

Fig.l shows the FT-IR spectra for (a) 
pristine C60， (b) C60-NW  s grown under 
fluorescent lamp [4] and ( c ) C60-N W  s 
grown under UV light. Similar spectra is 
observed for pristine C60 and C6o-NWs 
(fluorescent lamp). However， new 

absorption peaks 剖 1 l P 6 ， 1 2 0 O ， 1 3 8 5 ， |川附帆c吋叩)C問〆A(l-rイn問1旧ano附吋0側州州W川州hi臥s剖銚k母倒e釘師r陪'Su叩」汀md伽e釘rパ山叫uv叫JV件山Vい-

147河0ラ l凶63却oand 1730cm-1 are a叩pp戸ea訂re吋dfor 出

C6o-NWs (UV). These absorption peaks 
are similar to those of one-dimensional C60 
polymers prepared under high pressure and 
tempera加re[5]. 

Detailed results and the other properties 
of polymerized fullerene nanowhiskers 
will be discussed at the meeting. 
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Fig.l FT-IR spectra for (a) pristine C60ラ

(b) C60圃N Ws grown under fluorescent 
lamp， (c) C60-NWs under UV-lamp. 
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Synthesis and Properties of fullerene derivative nanowhiskers 

OHironori OGATA and Satoru MOTOHASHI 

Department 01 Mαterial Chemistry， Hosei University 
Kajino-ch03-7-2， Koganei，あわ10184-8584， Japan 

Recently， a new type of fibrous fullerene crystals called fullerene nanowhisker has 
been reported by a liquid-liquid interfacial precipitation method. Considerable interests 
have been generated in the structure and properties of fullerene or fullerene-derivative 
nanowhiskers. In this studyラ wepresent the results of the synthesis and structural 
investigation OfC61H2 -nanowhiskers (C61H2-NWs). The saturated m-xylene solution of 
C61H2 was prepared in a bottle. Isopropyl alcohol was added into the bottle to form a 
liquid晒 liquidinterface. The fibrous crystals were precipitated from the liquid-liquid 
interface. Fig.1 shows the x-ray di旺ractionpattems of both C61H2-NWs at room 
temperature. The profile can be assigned to hexagonal structure with α=23.994 

A，c=1O.203A. Fig.1 shows the wide line 13C-NMR spectrum for C61H2-NWs at room 

temperature. Peaks at 143.4 and 137.2 ppm which are attributed to the C61H2 and 126.4 
and 21.2 ppm attributed to the m-xylene are observed. 

Detailed results for NMR and the other properties will be discussed at the meeting. 

Fisure 1. X-rey diffraction pr~file for C61H2-NWs at room temperature. 
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Observation of Endohedral Metallofullerenes Diffusion Tendency on 
Self-Assembled Monolayers 
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Single-molecular switching devices composed of a single 白nctionalmolecule have 
been extensively studied as a basic component in molecular nanoe1ectronics. With regard to 
single白nctionalmolecules for creating single-molecular switching devices， endohedral 
metallofullerenes are one of the candidate materials owing to their electric dipole moment 
resulting from the exchange of electrons between an encapsulated metal atom and a fullerene 
cage. In the case of the strong interaction in endohedral metallofullerenes such as endohedral 
metallofullerenes deposited onto Si(111) substrate direct1y， it is difficu1t to switch the 
molecular orientation since molecular motion tends to be restricted[l]. On the contrary， in the 
case of weak interaction in endohedral metallofullerenes such as the top of the mu1tilayer 
islands of endohedral metallofullerene， it is difficu1t to observe the molecular orientation 
switching since metallofullerenes rotate企eelydue to thermal f1uc旬ation[2].Thus， in order to 
realize molecular orientation switching， adequate interaction is required. Self-assembled 
monolayer (SAM) is expected to be a suitable inter1ayer to control the interaction between 
endohedral metallofullerene and metal substrate[3，4]. 

Here， we demonstrate the interaction control between a endohedral metallofullerenes 
(Tb@C82(I)[5]and LU@C82(1)) and an Au(111) substrate by using several kinds of SAMs. We 
use several kinds of SAMs as the inter1ayer. We compare the STM images of endohedral 
metallofullerenes on SAMs. From high-resolution STM images of Tb@C82 and Lu@C82 
molecules on SAMs， we observe that the diffusion tendency of endohedral metallofullerenes 
show the SAMs dependence. We discuss the differences of diffusion tendency of endohedral 
metallofullerenes on SAMs by taking account of the electrical interaction due to the 
molecular length of SAMs. 

[1] S. Fujiki， Y. Kubozono， T. Hosokawa， T. Kanbara， A. Fujiwara， Y. Nonogaki and T. Urisu， Phys. Rev. B， 69， 

045415 (2004). 

[2] A. Taninaka， H. Kato， K. Shino， T. SugaiラY.Terada， S. Heike， T. Hashizume and H. Shinohara， e-J. Surf Sci. 

Nanotech.， 2， 81 (2004). 

[3] Y. Yasutake， Z. Shi， T. Okazaki， H. Shinohara and Y. M勾ima，Nano Lett.， 5， 1057 (2005). 

[4] Y. Yasutake， Z. Shi， T. Okazaki， H. Shinohara and Y. Majima， J. Nanosci. Nanotechnol， in press. 
[5] Z. Shi， T. Okazaki， T. Shimada， T. Sugai， K. Suenaga and H. Shinohara， J. Phys. Chem. B， 107，2485 (2003). 
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Ultraviolet Photoelectron Spectroscopy of Erbium Encapsulated CS2 
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1 Graduate School ofScience & Technology， Ehime University 
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4Research Center戸rMaterials Science， Nagoya University 

5 Graduate School of Science， Nagoya University 

Ultraviolet photoelectron spectra (UPS) of erbium atom(s) encapsulated CS2， C2v-Er@CS2， 

C3v-Er2C2@CS2 and C3v-Er2@CS2 will be presented. The UPS were measured at BL8B2 of UVSOR 

in IMS. The spectra of C2v-Er@CS2 are almost identical to those of La@CS2 or Tb@CS2・ This

finding is another evidence that the electronic structure of mono-metal atom encapsulated fullerenes is 

mainly dominated by the cage structure and a principal role of the entrapped atom is to donate 

electrons to the cage. 

The UPS of C3v-Er2C2@C82 and C3v-Er2@C82 (Figs1 and 2) resemble those of Y2C2@C82 

(III) or Y2@C82 both ofthem have the same C3v symmetry. Slight difference among these UPS is in 

the second band located between 1.9 and 2.9 eV The second band of Er2C2@C82 (III) or Er2@C82 

seems to consist of at least two components， while that of Y2C2@C82 (III) or Y 2@CS2 seems to consist 

of a single envelope. This could be due to the overlap of Er 4f electrons. 

55eV 

Er
2
@C.，(III) Er，C，@C.，(lIl) 

山

間

山

創

出

回

叩

相

ド4日eV

.......135eV 

v
 

e
 

山

酎

山

引

間

以

出

沼

岡

門

出

却

o 
Bind刑事 Ene:nw/ eV 喜indingEner前/eV 

Fi忽lre1 UPS of C3v-Er2C2@C82 Figure 2 UPS of C3v-Er2@CS2 

Corresponding Author : S. Hino， E-mail: hino⑧eng.ehime-u.ac.jp， phone: 089・927-9924

緬 40-



3-3 

IR/Raman Properties Calculations of Isotopically-Designed Icosahedral 
Clusters .....，In case of Fullerene or Borane anion.....， 

oNaoyuki Nogit， Satoru Tanaka2， and Toetsu Shishid03 

1 Department of Electrical and Information Engineering， Kindai Technical College 2800 

Arima， Kumαno-shi， 519-4395 Mie， Japan 
2 Department Of Quantum Eng. and Systems Sci.， The Univ. T;か0，7-3-1 Hongo， Bunkyo， 

113-8656 Toわ叫 Japan

3 Institute for Materials Resωrch， Tohoku Univ.， Sendai， 980-8577 Miyagi， Japan 

We have examined hartree-fock or density functional calculations to ful1erene or 

(B12H12f icosahedral c1usters with different isotopic ratios. The results of the simulations are 
summarized as fol1ows. Using the IRlRaman-active mode [1]-[4] under C (C四 12and C-13) or B 

(B-10 and B-11) isotope control， we analyzed the wave numbers shift in the vibrational 

frequency by reduced mass depending on the composition of the B or C isotope. In particular， 

the Ag mode of B-10 enriched (B12Hd2-anion showed degeneracy with the Hg rnode [5]. In 

the calculation of the B 12 T 12 anionラ whereinH was substituted with T， the spectral nurnber 

varied not only with the isotopic cornposition of 12 boron atorns but also with the isotopic 

configuration. On the other hand， the IR-active Fu rnode in isotope-rnodified fullerenes was 

found to split into several spectra. Regarding engineering applications in nano electronic 

devicesラ itseerns to becorne irnportant to study how an isotope affects the interaction between 

the c1uster vibration and carriers (e.g.， not only BCS theory in superconductivity). 

A part this work was carried out under the Visiting Researcher's Prograrn of Advanced 

Research Center ofMetal1ic Glasses， Institute for Materials ResearchラTohokuUniversity. 
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Cyclic Dimers of Group 9 Metalloporphyrins: How High The Affinity of 

Host Molecules toward Fullerenes Can se? 

oMakoto Yanagisawa， Kentaro Tashiro， Takuzo Aida 
D p々artment01 Chemistηand Biotechnology， School of Engineering， The University 01おかo

7・3-1Hongo， Bunkyo-ku，おか0113-8656

Design of host molecules having extremely high affinity toward fullerenes is interesting 

in that the strong host-guest interaction would be useful for the construction of carbon-rich 

supramolecular assemblies and modifications of chemical/physical properties of carbon cages 

as well as substances inside the cages. Here we report the results of our pursuit of fullerene 

hosts with higher affinity， by focusing on the interactions between fullerenes and group 9 

metalloporphyrins [1]. 

We have reported that cyclic dimers of Charl 

metalloporphyrins， especially having group 9 metal ions 

such as Co(II) and則前II)ラ showhigh affinity toward 

fullerenes. The association constant Kassoc between C60 

and a cyclic dimer methylrhodium porphyrin (1; Chart) in 

benzene at 25 oC was exceeded 107 M-1， which was the 

largest value for the host-fullerene complexation events in 

aromatic solvents so far. These observations prompted us 

to investigate interactions between an iridium porphyrin 

analogue of 1 (2; Chart) and fullerenes. Since the Kassoc 

HexMe Hex 

1: M = Rh 
2 M = Ir 

value for the formation of the inclusion complex 2口C60in benzene was too large for the 

accurate evaluation by the spectroscopic titrations， we used 1，2-dichlorobenzene， a better 

solvent for fullerenes， for the quantitative comparison of the Kassoc values of 1口C60and 2口C60，

where the latter value is 400 times larger than the former. In agreement with this observation， 

upon addition of equimolar amount of 2 into a benzene-d6 solution of 1口C60，2 trapped almost 

all C60 included by 1. 

[1] Angew. Chem. Int.Ed.， 2001， 40， 1857; J. Am. Chem. Soc.， 2002，124， 12086; Angew. Chem. Int.Ed.， 2006， 45， 

3542. 
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Synthesis of Organofullerenes Highly Soluble in Polar Solvents 

OKiminori Kawakami and Masatoshi Takagi 

Mitsubishi Chemical Group Science αnd Technology Resωrch Center， Inc 

1000， Kamoshidα-cho Aoba-ku，ゐkohama227-8502， Japan 

Recentlyラ awide range of fullerene derivatives have been reported. However， it is 

generally difficu1t to give fullerenes high solubility by derivatization. We modified side chains 

of pentaorganofullerene derivative， developed by Nakamura et a1.1， based on two different 

concepts and evaluated the solubility of the products in polar solvents. 

Fullerene derivatives of Group A were prepared in excellent yield by esterification of 

C60( 4-C6~OH)5Me under basic condition with a small excess of acid chlorides (RCOCl). 

Derivatives with branched R group exhibited higher solubility in PGMEA (propylene glycol 

monomethy ether acetate)ラ apolar solvent generally used in industrial processes. Furtherラ

we found that derivatives which possess bulky and rotatable part on the ester moiety exhibited 

excellent solubility. In this context， C60( 4田 C6H40CH2C02tC4H9)5乱1e also exhibited 

remarkable solubility in PGMEA (> 100mg/mL). 

On the other hand， fullerene derivatives of Group B were synthesized by deprotection of 

methyl ethers with tribromoborane or iodotrimethylsilane. These compounds exhibited 

excellent solubi1ity not only in esters but also in alcohols such as methanol and ethanol. 

Further， we wi11 discuss thermal and air -stability of these derivatives. 

References: 

Group A 

J-6 

O 

。人R

Rぺり

R = i-C3H7• t-C4Hg• CH2・i・C3H7• CH2・t・C4Hg

Group B 

n = 2. 3 

[1]M. Sawamura， H. Iikura， and E.Nakamura， J. Am.Chem.Soc.， 1996， 118， 12850， 
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Preparation of Metal Particles Dispersed Carbon Materials by Pyrolysis of 

Buckymetallocenes. 

OTakahiro Nakae，l Yutaka Matsuo，l Masatoshi TakagV Yuta Sato，3 Kazutomo Suenaga，1，3 

and Eiichi Nakamura1 

lNakamura Functional Carbon Cluster Project， ERATO， Japan Science and Technology 

Agency (JST)， The Universiり10fToか0，Hongo， Bunわ10・ku，Toわ10113-0033，Japan 

2Mitsubishi Chemical Group Science and Technology Research Center， lnc. 

1000， Kamoshida-cho Aoba-ku， Yokohama 227-8502， Japan 

3Research Center for Advanced Carbon Materials， National lnstitute of Advαnced lndustrial 

Science and Technology， 1-1-1 Higashi， Tsukuba， lbaragi 305・8565Japan 

The hybrids of fullerene and transition metal complex molecules， such as 

buckymetallocenes; M(ザーC6oRs)(ゲ-CsHs)(M = Fe1， Ru
2
) were synthesized in our group. 

The buckymetallocenes were the most stable molecules among the known fullerene-metal 

complexes even if under the oxidation and reduction conditions， due to the strong 

coordination ofイ-pentaorgano[60]fullerenylligands to transition metals. During a part of 

our continuous studies， we found thermal treatments of buckymetallocenes under an inert 

atmosphere gave carbonaceous materials which contain metal partic1es. Metal partic1es were 
highly dispersed on carbon substrate. In a buckyruthenocene case， obtained ruthenium 
partic1es were observed ~ 2 nm by XRD and TEM analysis， and showed catalytic activities 
towards hydrogenation reactions. 

マ~

under N2 flow 
Healing 10 700 oC 

12 nm 

Ru in Carbon 
Ru parlicle -2 nm 

[1] M. Sawamura， Y. Kuninobu， M. Toganoh， Y. Matsuo， M. Yamanaka，姐dE. Nakamura， J. Am. Chem. Soc.， 

124， 9354 (2002). 

[2] Y. Matsuo， Y. Kuninobu， S. Ito， and E. Nakamura， Chem. Lett.， 33， 68 (2004) 
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Electrochemical Properties of an Open Cage Fullerene Embedded in a 
Lipid Cast Film on an Elctrode 

OKenichi Watanabe
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1 Department of Applied Chemistry， Graduate Schoql of Engineering， Kyushu Universiか 744
Motooka， Nishi-ku， Fukuoka 819-0395， Japan， "Institute ofChemical Resωrch，め/0的

University， Gokasho，【グi，Kyoto 611-0011， Japαn 

Abstract:“Molecular surgery" of C60 is one recent topic in fullerene chemistry. Rubin et al. 
developed a synthetic methods to open a cage on C60 [1]， and Komatsu et al. described a 
“molecular suture" of open cage fullerene (OCF， Figure 1) [2]. The goal of this study is to 
understand an electron transfer between an electrode and the OCF on electrode. We have 
described that C60 embedded in a cast film of ammonium lipids on an electrode undergoes 
three-consecutive reversible one司 electrontransfer reaction in an aqueous system [3]. Here， 
electrochemical behavior of OCF embedded in cast film of tetra-n-octylammonium bromide 
(TOAB) on electrode in aqueous solution was studied by means of cyc1ic voltamme仕y(CV). 
Two-consecutive one-electron reduction waves仕omOCF were c1ear1y observed in CV for a 
OCF/TOAB film on a basal-plane pyrolytic graphite (BPG) electrode (Figure 2， curve a). On 
the contra巧ら nosuch behavior was observed for an OCF solely-modified electrode (Figure 2， 
curve b). Stronger binding of elec仕ogeneratedOCF -anions with TOAB is considered to be 
important for the electrochemistry of OCF on the electrode. 
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Figure 2. CV responses for (a) an OCF/TOAB 

(molar ratio 1119) film-modified electrode 

and (b) an OCF film-modified electrode. Scan 

rate: 100 mV/s. 

Figure 1. Chemical structure of OCF 
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[1] Y. Rubin， et al.， Angew. Chem.， Int. Ed. Engl.， 40， 1543 (2001). [2] Y. Murata， et al.， J. Am. Chem. Soc.， 125， 

7152 (2003). [3] N. Nakashima，“Struc旬reand electrochemistry of fullerene lipid-hybrid and composite 
materials"， A. Ottovo， H. T. Tien (Eds.)， Membrane Science and Technology， Vol. 7: Planar Lipid Bilayers 
(BLMs) and their Applications， chap.29， 2003.N. Nakashima et al. Chem. Lett， 1998， 633. 
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Supramolecular Fullerenes 
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To control the electron transfer process by extemal process 
Ph 

NH N 

N HN 
ぶ戸、 ¥ノノ
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百

Ph 、O

is quite important. In our previous study， we succeeded in Ph 

switching intra-molecular electron transfer of the crown-ether 
connected oligothiophene by adding Na+ and extemal crown-
ether.1 

:iJHVF\-"t<~ノー吋
Reversible intra- to intermolecular electron transfer was pn N HN

S O
でも

S~ ;; 

accomplished by adding K+ to porphyrin圃白llerenerotaxane Ph 

I + crown ether 
formed using porphyrins with crown ether and C60 ，。
白nc~ionalized with an alkyl ammonium cation. In the absence 日H N八、 c 〈c c市

of K'， the charge-separation takes place within the rotaxane via Ph ， N HN弓二 sノ。ノ S シ

the excited singlet states as shown in the fluorescence lifetime 
measurements， generating the radical ion pairs with the lifetime 

Ph 

of 20 -60 ns. On addition of K+， the 
rotaxanes are dissociated， retarding the 
intramolecular charge separation， rather 
intermolecular electron transfer occurs 
via the excited triplet states. Further 
addition of crown ether extracts K+ 
complexed with extemal crown-ether 
appending to porphyrin， recovering the 
rotaxane being capable of charge 
separation within the rotaxanes. 
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Fig. 1. Fluorescence decays for (i) ZnP， (ii) ZnP + C仙

(iii)(iv) ZnP + C60 + K+， and (v) ZnP + C6o+K+ + 
18-crown-6-ether in benzonitrile 

[1] Oike， T.; Kurata， T. Takimiya， K.; Otsubo， T.; Aso， Y.; Zhang， H.; Araki， Y.; Ito， O..J Am. Chem. Soc. (2005)， 

127，15372. Corresponding Author: Osamu Ito TELFAX: +81-22・217-5608.E-mail: ito@tagen.tohoku.ac.jp 
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IR-extended Photoluminescence Mapping of Carbon N anotubes 
in the 1000-2300nm Range 

ONobutsugu Minami， Konstantin lakoubovskii， and Said Kazaoui 

Nanotechnology Research 1nstitute， National1nstitute 01 Advanced 1ndustrial Science and 
TechnologyμlS刀，Central5， 1-1-1 Higashi， Tsukuba， 1baraki 305-8565， Japan 

The measurement ofphotoluminescence (PL) from carbon nanotubes (CNTs) as a function 

of excitation and emission wavelengths is an indispensable technique to characterize this new 

form of carbon. Despite its practical usefulness and necessity， however， the detectable 
emission wavelength is usually limited to < 1600nm because of severa1 experimental 

restrictions. Here we address this issue both by building a new experimental 印刷pfor PL 

mapping and by devising a sample preparation technique. 
Our PL measurement system consists of a CW Ti-sapphire 1aser (695-1055nm) as an 

excitation source and a FTIR spectrophotometer equipped with an IR-extended InGaAs 

photodiode for light detection up to 2300nm. The laser provides the maximum 
monochromatic power ~ 1 W for almost the entire tuning range and the FTIR 

spectrophotometer enables quick and broad-band PL detection with a better S乃.Jratio than 

conventional grating-type monochromators due to its inherent brightness and the suppression 
of detector's dark current. 
Another factor limiting the emlSSlOn 

wavelength range is the strong IR 

absorption by D20 (> 1800nm) used for 

the surfactant-aided preparation of 
individually dispersed CNTs. Thus we 

prepared thin fi1m samples by casting 
and drying a hot CNT/SDBS/ge1atin 

dispersion (400C) on silica substratesラ

eliminating absorption by D20. The 

point here is that， as we reported before 

[1]， ge1atin's ge1ation upon cooling 

successfully prevents the re-bundling of 
CNTs that wou1d take p1ace during 

dryingラ thusrealizing CNT thin films 

that luminesce in a broad wavelength 
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Fig. 1 PL mapping for Carbolex/SDBS/Gelatin film. 

range. 

Figure 1 shows PL mapping results for Carbolex AP-grade CNT， revealing the chirality 
distribution of arc discharge CNT for the first time. We stress that the present efforts have 

made possible the PL characterization of both sing1e-and doub1e-wall CNTs whose diameters 

are 1arger than 1.3 nm， an important mi1estone for the experimenta1 research of CNT. 

[1]玄Kim，N. Minami， and S. Kazaoui， App1. Phys. Lett. 86， 73103 (2005). 
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Photoluminescence Quenching in Peapod-Derived Double-Walled Carbon 

Nanotubes 
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Universiか~1-501 Shiogamaguchi， Tenpaku-ku， Nagoya 468-8502， Japan 

3Nαnotechnology Research Institute， AIST， Tsukuba 305-8565， Japan 

An important breakthrough in the carbon nanotube spectroscopy came in 2002 when 

photo1uminescence (PL) signa1s have been recorded from iso1ated sing1e四 walledcarbon 

nanotubes (S¥¥乃-.J"Ts)that were wrapped with sodium dodecy1 su1fate (SDS) [1]. Since then， 

two-dimensiona1 PL excitationJemission mapping has been wide1y recognized as a powerfu1 

too1 for the characterization of the unique e1ectronic properties of the SWNTs associated with 

their 10w dimensiona1ity， and for the ana1ysis of the detai1ed tubu1e distribution of the bu1k 

samp1es [2]. Although PL properties of SWNTs are well established， it is yet unc1ear whether 

PL can be obtained from multi-walled carbon nanotubes (MWNTs). In particu1ar， one might 

expect that the inner core tube is protected from the environment and its intrinsic optica1 

properties are preserved. Doub1e-walled carbon nanotubes (DWNTs) may answer to the above 

question because they have the simp1est structure among MWNTs， which make it easier to 

interpret the experimenta1 observations. 

Here we report a detai1ed study of PL from the peapod-derived DWNTs， together 

with optica1 absorption and resonant Raman spectroscopy. The peapod-derived DWNTs are 

more suitab1e for studying PL from the inner tubes because the diameters of the residua1 

SWNTs in the samp1es are simi1ar to those of the outer DWNT shells. The results revea1 that 

the PL signa1s originated form DWNTs are severe1y suppressed even though the optica1 

absorption and the resonant Raman spectra show the characteristic features of DWNTs. This 

suppression is a consequence of an interlayer interaction between the inner and the outer tubes 

that efficient1y quenches the PL signa1s ofthe D¥¥弓..rTs.

[1] (a) M. 1. O'Connell et α1.， Science 297，593 (2002). (b) S. M. Bachilo et al.， Science 298， 2361 (2002). 

[2] (a) T. Okazaki et al.， Nano Lett. 5，2618 (2005). (b) T. Okazaki et al.， Chem. Phys. Lett. 420，286 (2006). 
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probed by polarized PLE spectroscopy 
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We have identified the excitonic phonon side-band in photoluminescence excitation (PLE) 

spectra by using 13C single-walled carbon nanotubes (S\\弓~Ts) [1]. At the same timeヲ we

found certain small peaks in PLE spectra were 'pure' electronic without the isotope shift. In 

order to prove these unassigned peaks， we performed polarized photoluminescence excitation 

(PLE) spectroscopy for micelle四 suspendedSWNTs. Using a simple theory for PL anisotropy 

[2]， the observed PLE spectra are decomposed into ‘pure' components of the photoexcitation 

for incident light polarized parallel and perpendicular to the SWNT axis. Fig. 1 shows 

decomposed PL map for (6，5) and (7，5) nanotubes. Fig. 1 (a) and (c) correspond to collinear 

(1;; ) and perpendicular (1上)dipoles， respectively. Dotted lines indicate the emission energies 

of respective SWNTs. Solid lines indicate the position of Raman lines for G and G' bands. 

Peaks for 11- spec仕aare indicated by circles. Decomposed PLE spec仕aof (6ラ 5)and (7， 5) 

SWNTs for collinear (1;;) and perpendicular (1ム)dipoles are drawn in (b) and (d). The PLE 

spectra for (6， 5) SWNTs are magnified (x 2 ) 

and offset for comparison in (b) and (d). 

Similarly， distinct peaks corresponding to 

pe叩endicularexcitation were observed for 

several (n， m) SWNTs. The measured transition 

明rereenergies for perpendicular excitations 

blue-shifted compared to the qualitative values 

predicted within a single-particle theory. The 

results indicate a smaller exciton binding 

energy for perpendicular excitations than for 

parallel excitations [3]. 

References 
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Exploring the structure and properties of vertically aligned SWNT films 

o E. Einarsson
1， M. Kadowaki1， Y. Murakami2， H. Shiozawa3， T. Pichler3， S. Maruyama1 
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Our group recent1y developed a method [1] by which vertically aligned single-walled carbon 
nanotube (VA-SWNT) films [2，3]， shown in Fig. la， can be detached from the substrate on 
which they are grown simply by submersion into hot water. The detached films can then be 

reattached on an arbitrary surface. We have employed this hot water detachment/reattachment 

technique to further investigate the structure and properties of VA-SWNT films independent 

from their substrates. Analysis of a VA-SWNT film transferred onto a TEM grid (Fig. 1 b) 

shows the films consist mostly of individual SWNTs and small SWNT bundles. As a result， 
the overall properties of the VA-SWNT films (e.g. electrical and optical properties) are 

determined by the properties of individual SWNTs， rather than resembling a bulk materia1. 

Fig. 1. (a) SEM image of a VA-SWNT film grown 丘omalcohol， and (b) a TEM plan view 

showing the VA-SWNT film consists ofmost1y small bundles and individual SWNTs. 

[1] Y. Murakami， S. Maruyama， Chem. Phys. Lett. 422 (2006) 575. 

[2] Y. Murakami， S. Chiashi et al.， Chem. Phys. Lett. 385 (2004) 298. 

[3] S. Maruyama， E. Einarsson et al.， Chem. Phys. Lett 403 (2005) 320. 
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Photoinduced Electron Transfer of 

Chemically Modified Carbon N anomaterials 

oOsamu ItoラAtulaSandanayaka， Yasuyuki Araki 

Institute of Multidisciplinary Researchfor Advanced Materials， Tohoku Universiか"Sendai 
980-8577， Japαn 

Carbon nanomaterials have been extensively studied， because of their unique materials 
properties. In particular， photophysical properties dispersed in solutions have attracted a 
great deal of attention， because of wide applications such as solar cells. Here， photophysical 
and photochemical properties of carbon nanomaterial， which were dissolved in solution after 
chemically modifications， have been studied by the steady-state and transient spectroscopic 
methods.' By the steady-state photo-illumination in the presence of electron mediators 
(methylviologen dication， My2+) ， the accumulation of the MY.+ was confirmed at 600 nm 

the absence and 

presence of BNAH as shown in 2.5 
Fig. 1. This indicates that 
electron戸 rich species was 

generated by the 2.0 
photo-excitation of the carbon-

electroactive compounds，企om .際 f8ぉ

泊 ichMy2+吋 tselectron ↑1.5ll/¥¥ ~~~~ぷ沼ぶ
On the other hand， hole may be L1 騒封殺 主工
trapped by the defects of 開

carbon materials or by added 1 .0附 j 童 /lV
hole四 trap(BNAH etc). 

Fluorescence time profiles 
and transient absorption spec仕a

support that photosensitized 
electron酬 transfer/electron-

mediating processes including 
carbon nanomaterials are 

established. 

0.5 

0.0 
400 800 1200 1600 

λ/nm一一+

Figure 1. Absorption spec仕ashowing accumulation of 
MV・+at 600 nm observed by photo同 irradiationof 

SWCNT-C60 dendrimer. 

[1] (a) Y. Takaguchi， M. Tamura， Y. Sako， Y. Yanagimoto， S. Tsuboi， T. Uchida，K. Shimamura， S. Kimura， T. 

Wakahara， Y. Maeda， and T. Akasaka， Chem. Lett. 2005， 34， 1608. (b) S. D. A. Sandanayaka， H. Zhang， Y. 

Takaguchi， M. Tamura， Y. Araki， O. Ito， Chem. Commun. 2005， 5160. 
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Modification of Single-Walled Carbon N anotubes with Photoactive 

Chromophores and Their Photophysical Properties 

Tomokazu Umeyama1， Yoshihiro Matano¥ Norihiko Takeda
2
， Kei Murakoshi

2
， 

Kaname Y ohida3， Seiji Isoda3， Yasuyuki Araki4
ラ
OsamuIto 4 and Hiroshi Imahori 
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1 Graduate School of Engineering， めotoUniversity， Kyoto 615-8501， Japan 
2Graduate School ofScience， Hokkaido University， Sapporo 060-0810， Japan 

3Institute for Chemical Resωrch， Kyoto University， Uji 611-0011， ~中仰
4Institute of Multidisciplinary Resωrch for Advanced Material， Tohoku University， 

Sendai 980-8577， Japan 

In recent years， there has been much interest in solubilization and functionalization of 
single-walled carbon nanotubes by covalent bond toward the applications of photonic 
molecular devices. Solubilized carbon nanotubesラ however.ラ stillhave diversity in length， 
diameter， and chirality (semiconducting or metallic)， which results in obscurity of various 
properties. We report herein syntheses， structuresラ andphotophysical properties of doubly 
functionalized， shortened single-walled carbon nanotubes which exhibit only semiconducting 
propertles. 

Firstラ long alkyl chains were Chart 1 

-ii-i寸CON~
L 剛 OC，:今m-τ台才芋行才芋行才芋ず宍τア宍τ手7introduced to the tips of acid-treatedラ

shortened carbon nanotubes (~300 nm) 
through condensation reaction of the 
ter.minal carboxylic group with long alkyl 

;背骨骨守背骨イ二背骨字問背骨~CONfY~
~明間ct土廿廿廿廿v-t土主ょたとLととじ三三￡日CON崎ャーへ~νヘ

amine to provide the sufficient 
dispersibility. Subsequent cyc1oaddition 
reaction with azomethine ylide (Prato 
reaction) was carried out for the sidewall to tether 
photoactive chromophores inc1uding porphyrin and 
pyromellitic diimide にhart 1). The doubly 
functionalized carbon nanotubes exhibited high 
solubility in common organic solvents. Structural 
characterization was perfor.med by using 
transmission electron microscopy， resonance Raman 
spectroscopy， UV-vis-NIR absorption spectroscopy， 
and ther.mogravimetric analysis. In particular， 
Raman spectra with excitation wavelength of 785 
and 514 nm revealed that only semiconducting 
carbon nanotubes were obtained after sidewall 
functionalization (Figure 1). Relaxation of the 
excited state in chromophore-modified carbon 
nanotubes is significantly different from that in 

Sem i condut i ng Meta I I i c 

(d) 

c:: 

100 200 300 
Raman Shift， cm-1 

Figure 1. Raman spectra (514 nm 
excitation) of(a) pristine HiPco， (b) after acid 
treatment， (c) after functionalization at tips， 
and (d) after Prato reaction (R = n-C18H37). 

自lllctionalizedcarbon nanotubes without the chromophores， suggesting the charge-transfer 
interaction between the carbon nanotubes and the chromophores in the excited state. 
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Noncovalent porphycene-functionalized single-walled 

carbon nanotubes in water 

oGenki Nakamura， Yasuhiko Tomonari， Tatushi BabaラYoshio Hisaeda， 

N aotoshi N akashima 

Department 01 Applied Chemistry， Graduate School 01 Engineering， Kyushu Universi帆

744 Motooka， Nishi-ku， Fukuoka 819-0395， Japan 

Porphyrins are functional dyes with a variety of unique physical (photophysical)， 
chemical and biological properties. We have already reported that porphyrin molecules 

dissolve single-walled carbon nanotubes (SWNTs) in organic solutions [1]. Considerable 

interest has been focused on the structures and properities of several porphyrin-SWNTs 
composites [2]ー[3].

In this paper， solubilization behavious of water-soluble porphycenes (1)， which were 
constitutional isomers of porphyrins， toward SWNTs were examined. By means of 

UV-vis-NIR absorption spec仕almeasurementsラ itwas revealed that compound 1 could 

disperse SWNTs in water as bundled structures. Figure 2 showed an AFM image on mica 

企omthe solution. The top heights of the images were found to range 2-6 nm， indicating the 
coexistence ofbundled and individually dissolved SWNTs. 

S03Na 

Fig.1. Chemical structure 

ofl 

References 

10.0 nm 

5.0 nm 

0.0 nrn 

Fig.2. An AFM image of S¥¥巾Hssolubilized 

with compound 1 
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Chirality Discrimination of Single-Walled Carbon Nanotubes 
using 1t-aromatic Amphiphilic Compounds. 

o Shouhei Toyoda1， Yasuhiko Tomonari2， Hiroto Murakami2ラ andNaotoshi Nakashima
1 

1 Department of Applied Chemistry， Graduate school of Engineering， Kyushu Universiか，
744 Motooka， Nishi-ku， Fukuoka 819-0395， Japan， 2Department ofScience and Technology， 

Graduate School of Material Science， Nagasaki Universit;ぅNagasaki，852-8521， .lI中仰

Carbon nanotubes (CNTs) have been in the forefront ofnanoscience and nanotechnology 
because of their many unique properties. Our current interest is the design of CNT solubilizers 
as well as the applitations of soluble CNTsl

-
6
). 

The separation of metallic and semiconducting single圃 walledcarbon nanotubes (S\\乃~Ts)

is important since their electrical properties are different， and hence there is a strong demand 

in the separation of them in IT and related areas. A considerable attention has focused on the 

separation of metallic and semiconducting SWNTs by means of the combination of individual 

dissolution of SWNTs， followed by a selective reaction (or adsorption) toward metallic or 
semiconducting SWNTs. The ultimate goal in this area is to discriminate SWNTs with single 

chiral interger， (n，m). However， for our knowledge， no strategy has been given for this 

ultimate separation. We present here one step toward the discrimination of SWNT chirality. 

We recently reported that by means ofnear-IR photoluminescence study， SWNTs dissolved by 
pyrene-carrying ammonium compound 1 showed a narrower Br一

distribution of SWNT chirality compared to those of conventional sOCH 2N(CH 3b 

micellar旬 solubilizedS¥¥乃Hs/). We here synthesized several pyrene 

(or anthracene )-carrying compounds and measured the near-IR 

photoluminescence spectra of SWNTs dissolved with these 

compounds to compare S¥¥明 Tchirality discrimination ability to that 

of compound 1， and the results will be reported at the meeting.¥:7 (1) 
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Effect of Chemical Modification for SWNTs-FET Properties 

o Ryotaro Kumashiro 1， Hirotaka Ohashi 1， N obuya Hiroshiba 1， Takeshi Akasaka
2
， Yutaka 

Maeda3， Shinzo Suzuki4， Yohji Achiba5， and Katsumi Tanigaki1，6 

1 Graduαte School of Science， Tohoku Universi帆 Sendai，Japan: 2 Center for Tsukuba， 

Advanced Resωrch Alliance， University ofTsukuba， Tsukuba， ~正lpan: 3 D々 partmentof 

Chemistry，おかoGakugei Universi帆あわ叫 JGponJ4Fαcultyof Science，めotoSangyo 

Universiか~ Kyoto ， Japan: 5 Graduate School of Science and Engineering，おかo

Metropolitan Unかersりおかo， Japan: 6 CREST， Japan Science and Technology 

Agency， Kawaguchi， Japan: 

Single wal1 carbon nanotubes (SWNTs) having semiconducting properties are 

promising as electronic materials for nano-scale devices in the白ture，and the electrical 

properties of SWNTs are of significantly fundamental and practical interests. It is wel1 

known that the field effect transistors (FETs) fabricated using semiconducting S¥¥乃-.l"Ts

show high performance in terms of the mobility. However， carriers in pristine SWNTs 

are mostly holes， therefore， SWNTs -FETs usually show p-type properties. We reported 

the FET properties of individual SWNTs exohedrally modified by Si-containing organic 

moieties in the previous meeting [1]， and demonstrated that p-type nanotubes can be 

converted to n-type ones. However， because of ununiformity of the surface-chemical 

modification of SWNTs， the evaluation of the true effect of the exohedral modification 

on FET properties is extremely difficult. In this 

meeting， we will present comparison of the FET 

properties of exohedrally silylated SWNTs between 

separated individual and spread-sheet samples. From 

the experimental resu1ts， it will be demonstrated that 

an n-type property can be enhanced by exohedral 

modification also in the case of the spread-sheet 

samples in a similar manner to the individual ones 

(Fig.1). We will discuss the effect of surface silylation 

on the electronic states of these SWNTs in more detail. 
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[1] R. Kumashiro et al.， The 29th Fullerene-Nanotubes General Symposium， 3-2 (2005). 
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Ferroelectric gate carbon nanotube field effect transistor using PZT as 

gate insulators 

o TatsuyαSakurai， Takeshiゐshimura，Seiji Akita， Norifumi Ftザimu問

αnd】DshikazuNakayama 

Department 0/ Physics and Electronics， Graduate School of Engineering， 

Osaka Pr，げ台ctureUniversity， 1-1 Gakuen-cho， Naka-ku， Sakai， Osaka 599・8531，Japan 

Nanoscale electronic devices using carbon-nanotubes are expected to be future 

sensing or computing applications. In particular， single-wall carbon-nanotube 

field-effect transistors (CNT-FETs) are one of the key devices for nanoelectronics 

and their functions have recently been demonstrated. In 

this study， we describe the fabrication and electrical 

characteristics of CNT-FETs with ferroelectric thin films 

as gate insulators. The ferroelectric-gate CNT-FETs 

were fabricated using single-wall CNTs synthesized 

from alcohol by catalytic chemical vapor deposition and 

sol-gel derived PbZrO.5 Tio.503 thin films. The 

ferroelectric-gate CNT-FETs show the modulation of the 

drain current with the gate voltage and the threshold 

voltage shift (memory window) on the drain current-gate 

voltage characteristics. This result indicates that carriers 

in CNTs are controlled by spontaneous polarization of 

the ferroelectric films. The ferroelectric-gate CNT四 FETs

offer a promise as potentially useful nanoelectronics 

devices， such as nonvolatile memory elements and 

high-sensitivity sensors. This is because ferroelectrics 

exhibit complex couplings between their electrical， 

structural， mechanical， thermal， and optical properties， 

and because CNTs have unique mechanical and 

electrical properties， 
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double-walled carbon nanotubes 

o Y. F. Li， R. Hatakeyama， T. Kaneko， T. Okada， and T. Kato 

Department 01 Electronic Engineering， Tohoku Universi帆 Sendai980-857~Japan

Fullerene C60 and carbon nanotubes have attracted great attention as promising candidates 

for nanoscale electronic devices. Up to now， various nanodevices with novel transport 

properties， such as single C60 transistor， carbon nanotube-field effect transistors (FETs) and 

single-electron transistors (SETs)ラ have been realized experimentally[l・-3]. However， 

experimental work on making resonant tunneling diodes (RTDs) and resonant tunneling 

transistors (RTTs) based on carbon nanotubes is only beginning to emerge. 

In this study， we report novel electric transport properties of resonance tunneling 

field-effect transistors fabricated using C6o-filled metallic double-walled carbon nanotubes 

(DWNTs). The samples of C6o-filled DWNTs are prepared by both plasma irradiation and 

chemical methods. The devices exhibit s仕ongresonance tunneling characteristics and distinct 

negative differential resistance with high peak-to-valley ratio about 1300 is observed at room 

tempera印re，as shown in Fig.1. The applied gate voltages show a great influence on the 

transport behavior due to resonant tunneling through the discrete energy levels of C60 

molecules. In particularラ athigh bias voltages， the tunneling current can be completely 

dominated by the Coulomb oscillation peaks with uniform conductance， exhibiting a strong 

single-electron tunneling effect. 
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Extraordinary Binding Constants of Flat Azulene with Fullerenes 

oA. F. M. Mustafizur Rahman， Sumanta Bhattacharya， Takahide Kimura and Naoki Komatsu 

Department ofChemistry， Shiga University of Medical Science， Seta， Otsu 520-2192， Japan 

Azulene is a nona1temant aromatic hydrocarbon featuring quite unique characteristics 

of blue color and a permanent dipole moment of 1D. Azulene has 

both electron-donating and -withdrawing ability with its low 

ionization potential and low aromatic resonance energy. Despite 

such unique properties of azulene， no complexation study between 

azulene and fullerenes has been reported yet. Here we report the 

complexation study of azulene with fullerenes for the first time. 

6G 
Azulene 

The binding constants have been determined in toluene by fluorescence 

spectroscopic method. The emission band of azulene near 750 nm has got significant 

quenching effect with the gradual addition of [60]ーand[70]fullerenes， indicating effective 

complexation between azulene and fullerenes. The binding constants of azulene with [60]-

and [70]fullerenes have been estimated to be 9.4 x 104 and 9.8 x 104 dm3/mol， respectively. 

A1though azulene is a very flat and simple hydrocarbon which does not possess any cavity， its 

affini旬towards[60]ーand[70]fullerenes are remarkable in sense that the presently determined 

binding constants are found to be largest among the macrocyclic molecules such as 

calixarenes [1] and porphyrines [2] and even comparable with other designed host molecules 

like bridged dicalixarenes [3] except for cyclic diporphyrins [4]. One notable feature of the 

present investigation is th剖 azulenedoes not show any sort of selectivity towards [60]ーand

[70]fullerenes unlike other macrocyclic receptor molecules [5]. 

This study was supported by Industrial Technology Research Grant Program in 2005 

from New Energy and Industrial Technology Development Organization (NEDO) of Japan. 
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Antioxidant Activity of Water-soluble Fullerenes on βCarotene 
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2Division 01 Applied Chemistry， Graduate School 01 Engineering， Osaka University 
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Fullerene characterized as an antioxidant is believed to reduce various reactive chemical 

species， such as free radicals， and their characteristic features have been disclosed to fumish 

many useful medical technologies. We have recent1y reported that a number of water-soluble 

fullerenes behave as effective reactive oxygen species (ROS)-scavengers in cell cultures and 

can protect human skin keratinocytes from UV irradiation and oxidative damage by tert-butyl 

hydroperoxide [1，2]. 

Despite numerous studies on the radical scavenging activity of water-soluble fullerenes， 

little is known about their kinetic analysis on βcarotene， which has frequently served as a 

criterion for determining antioxidant activity. We evaluated the antioxidant activity of 

unfunctionalized water-soluble fullerenes， namely polyvinylpyrrolidone (PVP)-entrapped Cω 

and r-cyclodextrin (CD)-bicapped C60ラ basedon the coupled autoxidation of linoleic acid and 

βcarotene. In addition， we originally performed theβcarotene bleaching assay using 

hydrogen peroxide and irradiation as altemative promoters besides linoleic acid. Antioxidant 

activity in theβcarotene-peroxide and -irradiation system was calculated as percent of 

inhibition relative to control (% AOA， % Inh) using kobs and absorbance values， respectively. 

Antioxidant activity of water-soluble fullerenes 

βcarotene-linoleic acid Iβcarotene-hydrogen 

system (% AOA) I peroxide system (% AOA) 

PVP/C60 88.5% I Radical Sponge⑧ 89.8% 
Radical Sponge⑧ 85.7% I PVP/C6o 56.2% 
r-CD/C60 65.9% I r-CD/C60 42.5% 
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 Radical Sponge⑧ of cosmetic ingredient mainly consists ofPVP/C60 and 1，3-butylene glycol. 

% AOA = 100(kcontrol-ksample)/kcont叫

The fact that water-soluble fullerenes inhibited the degradation ofβcarotene under 

UV-vis irradiation revealed no significant photosensitivity of fullerenes. We have confirmed 

that PVP/C60， r-CD/C60 and commercial cosmetic ingredient， Radical Sponge⑧ can utilize as 

effective and safe antioxidant. 

[1] L. Xiao， H. Takada， K. Maeda， M. Haramoto and N. Miwa， Biomed. Pharmacother. 2005，59，351-358. 

[2] L. Xiao， H. Takada， X. H. Gan and N. Miwa， Bioorg. Med. Chem. Lett. 2006， 16，1590-1595. 
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Photophysical Properties of 1，4圃 Bisadductof C60: 

A Laser Flash Photolysis Study 
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Recently， we synthesized 1，4・・bis(p-phenyl)-l，4-dihydro[ 60]ful1erenes by the reaction 
of ful1erene mono-epoxide 1 and the nucleophilic aromatic compounds in the presence 
ofboron trifluoride etherate as a Lewis acid catalyst (Scheme 1.)[1]. 

We report photophysical properties of the n 

1 

ArH 

ー-BFrEt20， r.t. 

Ar Ar 

2 Ar=C6HsCH3 

3 Ar=C6HsOCH3 

singlet and triplet excited states of 
l，4-bisadducts 2 and 3 in toluene studied 
by laser flash photolysis. T -T absorption 
spectra of 2 and 3 are weak and broad in 
comparison with that of C60・Thelifetimes 
of the triplet state are shorter than that of 
C60 in N2-degassed toluene. The 
phosphorescence from the singlet oxygen 

Scheme 1. Synthesis of 1，4・bisadductof C60・

is observed for aerated toluene solutions of C60ラ
2，and 3 after laser pulsing (Fig. 1). 

From the phosphorescence quantum yieldsラ thetriplet yields of 2 and 3 are obtained as 
ca. 0.5. This value is halfthat ofC60 at room temperature. Fluorescence quan加myields 
of 2 and 3 are found to be very smal1 (ca. 10勺.On the basis of these resu1ts， we 
consider that the nonradiative transitions， T 1→ SO and SI → SO， of 2 and 3 take place 
more efficiently than those of C60・
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ロ
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Fig.l Emission spectrum企omsinglet oxygen generated by laser 
irradiation (532 nm) ofC60， 2 and 3. 

[1] T. Hara， Y. Tajima， T. Terada， T. Sasaki， K. Takeuchi， The 29白 FullerenかNanotubesGenera1 
Symposium， 2005， 67. 
Corresponding Author: Yusuke T，りlma
E-mail:出血磁出血12，Tel&Fax:十81-48-467羽 09，FAX: +81・48-462-4702
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Regiochemistry of Multiple Hydroarylation of C60 with 

Aromatic Compounds Catalyzed by AICh 

OShinya Tochika， Mai KatoラChunxiangKuangラKenKokubo and Takumi Oshima 

Division 01 Applied Chemistη， Graduate School 01 Engineering， Osaka Universiか，

Suita， Osak，α565-0871， .fIαpan 

Regiose1ective chemica1 modification of fullerene has been one of the most significant 

subjects in both academic interest and practica1 use in the fullerene chemistry since the 

multip1e addition of functiona1 groups to fullerene is usually non-regiose1ective. Such a 

multip1e hydroary1ation of [60]fullerene cata1yzed by A1Ch was found by Olah in 1991 [1] 

and was proved to have a great potentia1 for the practica1 application [2]. However， no 
information conceming with the regiochemistry has been reported. In this study， we first 
iso1ated the mono-and bis-adducts of the A1Ch-cata1yzed Friede1-Crafts [60]fullerenation of 

to1uene and aniso1e and e1ucidated their regiochemistry by spectroscopic method. 

The reaction of C60 was carried out 
in the presence of 30-100 equiv of A1Ch 

and 30 equiv of aromatic compounds in 

o-dich1orobenzene at room temperature 

under argon atmosphere. In order to obtain 
the maximum yie1d of each mono-and (b) 2.5h 

bis-adduct， the reaction was monitored by 
HPLC (Figure 1). The each adduct was 

iso1ated by using preparative HPLC 
equipped with a Buckyprep co1umn. The 
structures were determined by FABMS， lH 
and 13C NMR as well as 2D NMR. 

R 

COAlC|3〈〉E
。帽C6H4CI2
同.under Ar 

R 

一一一一量ー

R = CH3• CH30 

mono-adduct 

h

い一一一寸
6.削 mono-adduct

S .39 

C60 

5-

3・ロ higher adducts bis-adduct 

..36 mono-adduct 
la- g.P S9iC1 

C60 

Figure 1. HPLC chart of the reaction of C60 with 
toluene catalyzed by AIC13 for (a) 1.5h (b) 2.5h. 
Buckyprep column; toluene 1 ml/min; UV = 310 nm. 

cis-1 cis-2 

higher 
adducts 

bis-adduct 

[1] (a) 0lah， G. A.; Bucsi， I.; Lambert， C.; Aniszfeld， R.; Trivedi， N. J.; Sensharma， D. K.; Prakash， G. K. S. J 

Am. Chem. Soc. 1991，113，9387. (b) 0lah， G. A.; Bucsi， 1.; Ha， D. S.; Aniszfeld， R.; Lee， C. S.; Prakash， G. K. S. 

Fullerene Science and Technology 1997， 5，389. 
[2] (a) Thomasラ R.N. J Polymer Science: Part A: Polymer Chemistη1994，32，2727. (b) Liu， B.; Bunker， C. E.; 

Sun， Y.-P. Chem. Commun. 1996， 1241. 
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Regulation of the self-organized structure of the fullerene/porphyrin 

molecular system packed in a water，圃solubleamino acid dendrimer 

Junya Ogawa，1 OToru Arai，2 Norikazu Nishino1 
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めJUshuInstitute ofTechnology， Kitakyushu 808-0196， Japan 
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Fullerene/porphyrin system is expected as the 
potential photoactive devices such as solar cells. 
The self-organization of the amphiphilic molecules 

is a versatile method to obtain large-scale constructs. ~ ~ザド)...-{， / Iυ 

VV-Y"" け一、J /!; 
Thus， we have synthesized an L-lysine dendrim町内延¥)〆q

(1) with links to porphyrins and a fullerene， in 川

which the molecular surface was modified with ('、〆ハ LNH N i CH勺 Ph 1¥ n 

carb町 late gro恥 (Fig. 1).1 This dendrimerω山Am人中川27Hげてfn
underwent the self-aggregation in the aqueous H 0 でO て50、ゾ)Mf??c 由

system to form a variety of s仕附uresincluding the 叫。 九州〉「NHfH 
helical fibers and the spherical pa抗ic1es. 出 CHて UYHKJ:11合:

Helical fibers of ~ 20μm diameters were H suc' ... ~ 

observed in the SEM analysis upon casting the Fig. 1 Waler-soluble dendrimer 1. -Suc =心O(CH2)2COO

aqueous solution (3.0μM， pH 8.0) of 1 (Fig. 2a). (a) 
Two strings of ~ 1 0 nm diameter twist with each 
other in the right-hand way with the helical pitch 
of ~40 nm. In the same SEM sample， a plane 
wire-like structure without helix was also observed. 
It should be noted that the change of pH or the 
sample concentration was ineffective; merely 

small plate-like structures were observed and the 
fiber or the wire was not formed. 

Dynamic light scattering measurements of the 
- 10 μm  

よ噂
J欝
ψ， 

苦心J
aqueous solution of 1 indicated the existence of Fig. 2. Self-assembled structures of 1. 

several sizes of agg時制企om60 to 400 nm. In ~;~部 :2;zjtZ122jj2215fiおお問い
fact， the TEM analysis (collodion film) showed 
spherical partic1es of 90-170 diameters with some size distribution， when the samp1e was 
prepared from the aqueous solution (12μM) of 1. It is yet unclear why the SEM showed 
fiber/wire structures and the TEM showed the partic1es， but difference in the sample 
preparation may account for. It is interesting that the dendron 1 formed the ~ 100 nm 
partic1es with the narrow size distribution when 2-hydroxypropylートcyc10dextrinwas added 

as the surfactant (Fig. 2b). 
The self-assemb1ing of the fullerene/porphyrin system was further examined by (1) 

preparing the dendrons with the different chemical structure， (2) spectroscopic examination in 
the aqueous solutionラwhichwill be presented at the poster. 

(1) T. Arai， 1. Ogawa， E. Mouri， M. P. I. Bhuiyan， N. Nishino， Macromolecules 2006， 39， 1607-1613. 
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Effects of mi11ing intensity on the rate of C60 oxidation by ambient molecular oxygen 
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We recently demonstrated a solid-state oxidation of C60 under mechanical stressing by 

mere ambient gaseous oxygen [1]. Obtained products were mixture of CS2 soluble C600 

(epoxide，主5%)and CS2 insoluble C600n (contains both epoxy and carbonyl types of oxygen， 

average number of n=5.3，主36%).We found some evidence to suspect forτnation of singlet 

oxygen e02) through energy transfer from mechanically excited fullerene. In this paper we 

examine effects of mechanical stressingラ onthe rate of oxidation， in order to examine whether 

and to what extent mechanochemical effects in narrow definition is operating. As we used a 

vibrating ball mill， where one ball of 5cm in diameter is vibrating on the bottom of a mortar， 

we varied i) amplitude ofball vibration 丘equencybetween 0.5mm and 2.0 mm， ii) material of 

the milling ball made of either agate (170g) or stainless steel (507g)， and iii) reaction time 

between lh and 5h， respectively. Reaction yields determined by HPLC gained with increasing 

amplitude， by using stainless apparatus， or by increasing reaction time. Reaction using 

stainless steel apparatus with 2mm amplitude gave 26% yield after lh and 98% after 3h 

milling time. IR analyses of all the products reveal that they contain both C-O-C epoxide 

and C=O carbonyl types of oxygen. Furthermoreラ 102scavenger， 4-oxo-TEMP， inhibited 

oxidation. The inhibition was irrespective of the materials of the ball and mortar， as we 

demonstrated in our previous study. From these results， we conclude that， reaction 

mechanisms of oxidation in every case are identical and activated species is also 102・

Reference: [1] Hiroto Watanabe， Eitaro Matsui， Mamoru Senna， Abstr羽 tof the 30th Commemorative 
Fullerene-Nanotubes Genera1 Symposium， 2006， p. 152. 
Corresponding Author Tel.: +81-045-566-1569; fax: +81・045-564-0950; e-mai1: 
senna@app1c.keio.ac伊.
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Inhibition of the mechanochemical oxidation of C60 by gaseous oxygen by the coexistence of 

aromatic compounds 
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As we recently demonstrated oxidation of白l1erenevia a mechanical stressing under 

oxygen atmosphere， we observed a mixture of CS2 soluble C600 (epoxide) and CS2 insoluble 

C600n (contains both epoxy and carbonyl types of oxygen， average number of n=5.3) [1]. We 

also found that oxidation was completely inhibited by adding singlet oxygen (102) scavenger 

(4-oxo-TEMP). From these findings， we considered that 102 plays a decisive role as an 

activated species and is generated through energy transfer 合ommechanically excited 

fullerene. Since direct observation of the excited state of fullerene during milling is 

impossible with our reaction system， we try in this study to examine effects of adding various 

aromatic compounds to the reaction system to elucidate more detailed reaction mechanisms. 

We therefore added equimolar amount of 9，9'-bifluorenylidene (BF)， i.e. dimer of fluorene. 

BF is known to be a quencher of excited ful1erene. C=C double bond in BF is capable of 

reacting with 102・Allthe resulted powder mixtures with BF after milling were solved into 

toluene. HPLC analysis in a toluene solution of the reaction mixture revealed that the 

oxidation of fullerene was completely inhibited i.e. unreacted fullerene was fully recovered. 

Oxidative products of BF were not detected either. BF has obviously quenched excited states 

of the fullerene， as expected. We subsequently tried to add an equimolar amount of Rose 

Bengal (RB)， whose HOMO-LUMO band gap energy is close to that of白llerene.RB is 

known to be excellent 102 generator from its excited states. We observed that RB completely 

inhibited C600 (epoxide) formation， and suppressed formation of the CS2 insoluble fullerene 

oxide either. From those observations， we白rtherdiscuss about reaction and excitation 

mechanisms of present mechanochemical oxidation of C60・

Reference: [1] Hiroto Watanabe， Eitaro Matsui， Mamoru Senna， Abstract of the 30
th Commemorative 

Fullerene-Nanotubes General Symposium， 2006， p. 152. 

Corresponding Author Tel.: +81・045胴 566圃 1569; fax: +81・045・564・0950; e-mail: 
senna⑨applc.l叫o.ac.jp.
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Generation and Properties of Arylated C60 Cations 
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Carbocations possessing a positive charge on a spherical 1トconjugatedsystem of a 
fullerene cage are uncommon， owing to the electronegative nature of the fullerene cage. We 
have reported the generation and observation of C60 and C70 cations having an attached 
chloroalkyl group.[I] Here we report the generation of phenylated C60 cation (PhC60 +) by 
the ionization of PhC600Ac (1) in a superacid. The structure and property of this cation was 
investigated by spectrometry， trapping experiments， and DFT calculations. 

Acetate 1， prepared by a reported method[2]ラ wasdissolved in CF3S03H， giving a reddish 
purple solution. Vis-NIR analysis showed absorption maxima at 472， 750， and 1104 nm， 

which are similar to those observed for chloroalkylated C60 cations[I]， indicating that the 
cation generated企om1 has the structure 2. However， the 13C NMR spec仕umof this 
solution indicated only 17 Sp2 carbon signals at 6 127-150ラ whilethe structure 2 has 34 
nonequivalent Sp2 carbons. Some of the Sp2 signals were broadened， and the cationic center 
and the Sp3 carbon bearing the phenyl group were not observed at the expected positions (6 
~170 and ~70ラ respectively). These observations suggest the rapid interconversion between 
two equivalent structures by the 1，2-shi立ofthe phenyl group (eq 1)， and that the observed 
NMR spectrum corresponds to the time-average of the two structures. The signals were 
further broadened at -40 oC and sharpened at 100 oC， as expected from the change in the rate 
of the exchange. This interconversion is expected to proceed through an arenium ion 3. 
DFT calculations (B3LYP/3-21G) showed that 3 is 14.5 kcallmol higher in energy than 2 and 
is a transition state. Quenching a CF 3S03H solution of 2 with CF 3CH20H gave a mixture of 
two regioisomers of ether PhC600CH2CF 3 (51 %) in approximately 1: 1 ratio. 

The effect of the substituent on the phenyl ring upon the structure and stability of cations 
ArC60 + will be also discussed. 
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[1] Kitagawa， T.; Sakamoto， H.; Takeuchi， K. J .Am. Chem. Soc. 1999，121，4298. 

[2] Chen， Z.周X.;Wang， G.明W.J Org. Chem. 2005， 70， 2380. 
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A carbon-carbon bond of the fullerene cage can be cleaved by an organic reaction. The 

productラ aso-called open-cage fullerene， has an opening large enough to insert an atom or a 
small molecule into the cavity of the白l1erene.Unlike the formal endohedral向llerenes，these 
derivatives can hold and release substrates in a reversible manner. This property offers 

molecular sensing and storage as potential app1ications. 
The narrow orifices of previous open-cage derivatives had restricted the insertion to 

he1ium and hydrogen (H2).[I] Recentlyラ wehave constructed a wide opening on C60 by 

successive cage scissions. The orifice in the product 1 is the largest one at present， and it 
spontaneously encapsulates one water molecule to form H20@1.[2] In this presentationラ we

would like to report NMR studies on the formation of H20@1. In the 1 H NMR spectrum， a 

water molecule trapped in 1 appeared as a sharp singlet at 8 -11.4 ppm in CDCh・Thefraction 
of H20@1 reached up to 75% and was dependent on the water content of the solvent. The 

equilibrium constant of the formation of H20@1 was estimated to be in the range of 30 
801/mo1. 

Z Z 

H 

1 (Z=C02Me) 

H20 

-・ • 
κ=EE笠1
eq - [1] [H20] 

[1] S.-i. Iwamatsu and S. Murata， Synlett， 2117-2129 (2005). 

Z Z 

H20@1 

[2] S.-i. Iwamatsu， T. Uozaki， K. Kobayashi， S. Re， S. Nagase and S. Murata， J. Am. Chem. Soc.， 126， 

2668-2669 (2004). 
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Encapsulation of a D2 Molecule inside an Open-Cage C60 and 

Synthesis of D2⑧C60 
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The molecular surgery approach is useful to synthesize yet-unknown endohedral 

fullerenes and their derivatives. We have already synthesized endohedral C60 encapsulating 

a hydrogen molecule in its cage via synthesis of open-cage C60 derivativeラ insertionof a H2 
molecule inside it， and restoration of the opening.1

，2 We report herein the s戸lthesisand 

properties of D2@C60・
By applying high pressure D2 gas (850 atm) to the open-cage C60 derivative 1 having a 

13-membered-ring orifice3 at 200 oC for 8 hourラ encapsulationof D2 was achieved 
quantitatively in the same way as encapsulation of H2・4 The c10sure of the orifice was 
attained by four-step organic reactions to give D2@C60 as a brown powder in 37% yield based 

on 1. In the 13C NMR spectrum， a peak corresponding to the cage of D2@C60 appeared剖

142.841 ppmラ whichis slightly up-field shifted compared with the chemical shift of H2@C60 

(142.844 ppm)， suggesting smaller van der Waals interaction of D2 with C60 than that of H2・
The 2H NMR spectrum of D2@C60 showed a sharp singlet at -1.45 ppm corresponding to a D2 
molecule inside the cage， which is almost the same as the chemical shift of H2 in H2@C60 

(-1.44 ppm). A difference in energy barrier was also observed for the escape from 1 
between H2 and D2 molecules. 

Py = 2-pyridyl 

D2 gas 

850 atm 
200 oC. 8 h 

D2@1 

4steps 

37% 

[1] Komatsu， K.; Murata， M.; Murata， Y. Science 2005，307，238-240. 

[2] Murata， M.; Murata， Y.; Komatsu， K. J. Am. Chem. Soc. 2006， 128， in press. 

[3] Murata， Y.; Murata， M.; Komatsu， K. Chem. Eur. J. 2003.9， 1600-1609. 
[4] Murata， Y.; Murata， M.; Komatsu， K. よAm.Chem. Soc. 2003，125，7152-7153. 

Corresponding Author: Yasujiro Murata 

TEL:十8ト774・38-3177，FAX: +81-774-38-3178， E-mail: yasujiro@scl.付oto-u.ac.jp

-68 -

D2@C60 



lP-ll 
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Endohedral metallofullerenes (EMFs) have attracted special attention because they 

engender new spherical molecules with unique electronic properties and structures. The 

Bingel reaction is one of the most widely applied reaction in fullerene chemistry. 

Gd@C60[C(COOC2H5h]n (n=l・10)was obtain~d a~ -the Bingel adduct of EMFsY] Recently， 
the Bingel adduct of EMFs (Y3N@Cso) was also reported， in which a malonate group has 

been attached to a specific [6ラ6]double bond of a Cso cage. [2] In this workラ weperformed the 

Bingel reaction on La@CS2 and its products distribution was found to be very different from 

those of empty fullerenes as well as previously reported 
E恥1Fs.

We carried out the reaction of La@CS2 with diethyl 

bromomalonate in the presence of DBU 

(1，8-diazabicyclo[5，4，0]undec-7-ene) in dry toluene to 

afford 自vemonoadducts of La@CS2 (mono-A，-B，-CラーD，

and -E)， which were isolated by the multistage 

high-performance liquid chromatography (HPLC). [3] 

Among them， mono-A，-B，-C， and -D were revealed to 

be regioisomers of a singly bonded monoadduct being 

ESR-inactive. Mono-E was ESR-active and suggested to 

be a cycloadduct as a conventional Bingel adduct. The 

structure of mono-A was unambiguously determinated 

by X-ray single-crystal analysis. The structures of others 

were investigated by NMR spectral analysis and 

theoretical ca1culations. 

References: 

噸舟
当:叫
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会

ORTEP drawing ofmono-A 

[l]R. D. Bolskar， A. F. Bened巳tto，L. O. Husebo， R. E. Price， E. F. Jackson， S. Wallace， L. J. Wilson， 

J. M. Alford， J. Am. Chem. Soc. 2003，125，5471. 

[2]C. M. Carbona， A. Kitaygorodskiy， L. Echegoyen， J. Am. Chem. Soc. 2005，127， 10448-10453. 

[3]L. Feng， T. Nakahodo， T. Wakahara， T. Tsuchiya， Y. Maeda， T. Akasaka， T. Kato， E. Horn， E. Yoza， 

N. Mizorogi， and S. Nagase， J. Am. Chem. Soc. 2005， 127， 17136; L. Feng， T.羽Takahara，T. Nakahodo， 

T. Tsuchiya， Q. Piao， Y. Maeda， Y. Lian， T. Akasaka， E. Horn， E. Yoza， T. Kato， N. Mizorogi， and S. Nagase， 

Chem. Eur. J. 2006. in press. 
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Addition of adamantylidene to La2⑧C7S: structural determination of 

monoadduct La2⑧C7s(Ad) 

o Baopeng Cao，l Takatsugu Wakahara，l Takahiro Tsuchiya，l Takeshi Akasaka， 1 * and 

Shigeru N agase2 

1 Center for TsukubαAdvanced Research Alliance， University ofTsukuba， Tsukuba 

305-857スJ中仰

2D々partmentofTheoretical Molecular Science， Institute for Molecular Science， Okazaki 

444-8585， Japan 

It is well known that the chemical and electronic properties of an empty fullerene could 

be modified upon incorporation of metallic guest species， awarding plentiful， various 

materials with novel properties and potential application perspectives associated with the 

incarcerated meta1.1 The endo-metalく ontainingfullerene could be further functionalized 

exohedrallyラ affordingsome new derivatives that bear special functional groups and 

present intriguing properties. A communication between the dynamic motion of the two 

cerium atoms within Ce2@C80 and exohedral groups， for example， is fulfilled either by 

disylilation of this molecule with 1，1 ，2，2-tetrakis-(2，4，6-trimethylphenyl)-1ユーdisiliraneor 

through [2+3] cyc1o-addition of an N園 trityloxazolidinone to it.2 So far， however， 

functionalization of metallofullerenes is focused on the most abundant species， La@C払

La2@C80， and M3N@C80; rare attention has been given to those with smaller cages because 

of their scarcity. Recently， we have isolated a new metallofullerene， La2@C78， with enough 

quantity for reaction.3 Here we report functionalization of La2@C78 with 

2-admantane-2，3-[3H]-diazirine. Four isomers of monoadduct La2@C78(Ad) synthesized 

photochemically have been isolated by HPLC and characterized by mass， UV absorption， 

CV， DPV， and NMR spectroscopic analyses. 

1. Endφtlleren回 .A New Family of Carbon Clusters; T. Akasaka & S. Nagase Eds.， K1uwer Academic: 

Dordrecht， 2002. 

2. M. Yamada， et a1. J. Am. Chem. Soc. 127， 14570・ 14571(2005); M. Yamada， et a1. J. Am. Chem. Soc 

128， 1402 -1403 (2006). 

3. B. Cao， et a1. J. Am. Chem. Soc. 126，9164・9165(2004).

CorrespondingAuthor: TakeshiAkasaka; E-mail: akasaka@tara.tsukuba.ac.jp; Tel & Fax: 81-29-853-6409. 
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Chemical Reactivity and Redox Property of SC2CS4 

OKoji Nakajima/ Yuko Iiduka/ Takatsugu Wakaharaラ 1Takahiro Tsuchiya， 1 Yutaka Maeda， 2 

Takeshi Akasaka，恥1Naomi Mizorogi， 3 Shigeru Nagase，3 

1 Center for Tsukuba Advanced Resωrch Alliance， University ofTsukuba， 2Department of 

Chemistη1，あわ10Gakugei Universiが3DepartmentofTheoretical Molecular Science， 

Institute for Molecular Science 

Endohedral metal10fullerenes have attracted special atiention as new spherical molecules 

with unique properties unexpected from empty白llerenes.1Much work has been carried out 

on metal10fullerenes with Sc， Y and La atoms encapsulated inside C82 and C84 cages. Among 

themラ scandiummetalloful1erenes are of special interest because of their high variety in 

fullerene size as wel1 as their relatively high yields. In this context， it is very important to 

disc10se the chemical reactivity of typical scandium metallofullerenes. For SC2C84， three 

isomers (I， II and III) have been isolated. SC2C84 has been known as one of most abundant 

scandium fullerenes. We have already found that SC2C84(III) reacts with disilirane (1) 

photochemical1y to afford a 1: 1 adduct， but not thermally .2 

Here we report the chemical reactivity of Sc2C84(II)， which shows higher reactivity toward 

1 than SC2C84(III). The redox property of SC2C84(II) is also investigated by CV measurement. 

〈
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Chemical Functionalization of Scandium Metallofullerenes 

OYuko liduka/ Takatsugu Wakahara，l Tsukasa Nakahodo/ Takahiro Tsuchiya，l Akihiro Sakuraba，2 Yutaka 

Maeda，3 Takeshi Akasaka，'ト1Kenji Yoza，4 Emst Hom，5 Tatsuhisa Kato，6 Michael T. H. Liu，7 Naomi Mizorogi，8 

Kaoru Kobayashi，8 Shigeru Nagase*.8 

lCenter拘rTsukuba Advancεd Research Alliance， UniversiかofTsukuba，2Graduate School ofScience and Technology， 

Niigata UnIlぽ聞のう 3Department of Chemistη，おかoGakugei Universiか"4Bruker AXS K. K.け 5Department of Chemistη， 

Rikkyo University， 6Department ofChemistη， Josai University， 7Department ofChemistry， UniversiかofPrince Edward 

Island， 8 Department ofTheoretical Molecular Science， Institute for Molecular Science 

Endohedral metal1oful1erenes have attracted special interest， because of the unique 

properties unexpected for empty ful1erenes. In particular， exohedral1y derivatized scandium 

metallofullerenes are very interesting for their potential usefulness as novel materials. 

Characterization of Bis-silylated SC3N⑧Cso・Oneof the most important developments 

in fullerene chemistry in recent ye訂 sis the design of SC3N@Cso derivatives since SC3N@Cso 

can be isolated in a remarkably high yield.1 Very recentlyラ werevealed the chemical reactivity 

of SC3N@Cso with disilirane in viewpoint of redox potentials and HOMO-LUMO.
2 
Here we 

report the ful1 characterization of the bis-silylated SC3N@Cso by means of NMR， vis-near-IR 

absorption and CV spectroscopyラ andX-ray single-crystal structure analysis. 

Characterization of Carbene Derivative of SC3C2⑨Cso・SC3CS2is the first endohedral 

metallofullerene encapsulated three metal atoms? The EPR spec仕umof SC3CS2 suggests 

geometrical equivalency of three scandium atoms. Surprisinglyラ wedisc10sed the molecular 

structure of SC3C2@CSO (not SC3@CS2) by 13C NMR spectroscopy and X-ray single-crystal 

structure analysis.4 SC3C2@CSO has the largest endohedral c1uster (SC3C2) encapsulated in an 

h-symmetric Cso cage appears to be the most interesting. We wil1 discuss the structure and 

electronic property of the adamantylidene derivative of SC3C2@CSO in detail. 

SC3N@Cso(MeS2SihCH2 n-BU4N+[SC3C2@CSo(Ad)]-

References: (1) Stevenson， S. et al.， Nature 1999， 401， 55. (2) Iiduka， Y. et al.， J Am. Chem. Soc. 2005， 127， 9956. (3) 

Shinohara， H. et al.， Nature 1992， 357，52. (4) Iiduka， Y. et al.， J Am. Chem. Soc. 2005， 127，12500. 
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Fermi Level Effects on Elec仕icalConductivity of C70 Films 

Shuichi Matsumotol，Yuki Tajimal， Tsuneyuki Matsushimal， 

Tsuyoshi Takase2， Kenta Kirimot03 and Yong Sun 1 

lDepartment of Applied Science for Integrated System Engineering， Graduate School of 

Engineering， Kyushu Institute ofTechnology， 1-1 Sensui， Tobata， Ki加わJUshu，Fukuoka 

804-8550， Japαn 

2 F aculty of Modern Communication， Bαiko Gakuin University， Shimonoseki， Yamaguchi 

759-6534， Japan 

3Depαrment of Electrical and Electronic Engineering， KitaわlushuNational College of 

Technology， 5-20-1 Suii， Kokuraminami， KitaわJushu，Fukuoka802-0985， Japan 

Electrical conductivities of the crystalline C70 films on both silicon and quartz 

substrates were measured by a non-contacting technique utilizing surface acoustic wave 

(SA W) device as a function of temperature. Different temperature-dependent 

conductivities were obtained 仕omthe C70 films on both silicon and quartz substrates. In 

the case of the C70 film on silicon substrate， the conductivity depends on both film 

structure and gas adsorption at temperatures below about 200K. A sharp decrease in 

electrical conductivity， which depends on film structure， was observed around 200K. 

Also， a strong peak in conductivity， which depends on gas adsorption， was observed at 

about 340K. On the other hand， in the case of the C70 film on quartz substrateラ a

thermally activated conductivity was observed in the temperature range from 16K to 

400K. We believe that there is a charge transfer process between the film and the 

substrates when the C70 film was grown. In the C70 film/silicon substrate structure， 

electrons are injected into the C70 semiconductor film， and so the conductivity， which 

Fermi level is near conduction band， is observed. On the other handラ inthe C70 

film/quartz substrate structure， holes are injected into the film， and the conductivity， 

which Fermi level is near valence band， is measured. 

TELlFAX: 81-93-884-3564 

E-mail: 048931s@tobata.isc.kyutech.ac.jp 
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Air-Stable Solution-Processed Organic Thin-Film Transistor sased on 
Perfluoroalkyl Substituted C60 Derivative 

OM. Chikamatsu， A. ItakuraラT.Kimura， S. Shimada， Y. Yoshida， R. Azumi， K. Yase 

Photonics Research 1nstitute， National1nstitute 01 Advanced 1ndustrial Science and 
Technology (二41S刀，Central5， 1-1-1 Higashi， Tsukuba， 1baraki 305-8565，.hψ仰

We have reported high performance solution-processed n-守peorganic thin阻 film

transistors (TFTs) based on long-chain alkyl-substituted C60 derivatives [1-2]. However， 

C60 and its derivatives don't exhibit TFT performance in air， because O2 and H20 gases 

act as trap spices of electron transport. In this study， for realizing an air-stable n-type 

organic TFT， we newly synthesize a perfluoroalkyl substituted C60 derivativeラ

C6仏白sedN-methylpyrrolidine-para-perfluorooctyl phenyl [C60PC8F17ラ seeFig.l(a)]. 

Since perfluoroalkyl chains are well-known materials for having high gas barrier， a 

C60PC8F 17 -TFT is expected to exhibit n-channel characteristics in air. 

A film of C60PC8F17 was fabricated on highly doped silicon wafers covered with 

Si02 by spin coating企omchloroform solution under ambient condition. Source and 

drain gold electrodes were deposited on the film. The TFT characteristics were 

measured in a vacuum and air at room temperature. 

Fig. 1 (b) shows drain current-drain voltage (lD-VD) characteristics of 

C60PC8F 17 -TFT after exposure to air for 24 hours. The device showed good n-channel 

characteristics in air， whereas the TFTs employing alkyl-substituted C60 derivatives 

were not operated under the same 

condition. The field-effect electron 

mobility in saturation regime is 

calculated to 0.002 cm2/Vs. This result 

indicates that perfluoroalkyl chains play 

an important role for the air stability of 

the TFT performance. 
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Fig. 1 Molecular structure of C60PC8F17 (a) and 

ID-VD characteristics ofC60PC8F17・TFTin air (b). 
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In situ Electric Transport of CsC60 Thin-Films 

oNobuya Hiroshiba1
ラAkinobuIsurugi 1， Yoshifumi Tokita 1， Ryotaro Kumashiro l，and 

Katsumi Tanigaki 1，2 

1 Grαduate School 01 Science， Tohoku University， Sendai， Japan 

2 CREST， Japan Science and Technology Agency， K.即 vaguchi，Japan: 

明弓lenC60 is doped with alkali metals， several phases can be made starting from one 

to six of the alka1i metal composition per C60・ Amongthese phases， one of the most 

curious phases for metal-insulating transition is A1C仙 whichis categorized as an 

one-dimensional Mott insulator. The electronic properties of Al C60 have been only 

magnetically studied so far. This is because high quality A1 C60 can be made in a powder 

form. In order to have fundamental understanding， the 

transport measurements are essentially important. 

We have tried to measure in situ conductivity as a function 

of temperature for the high quality CsC60 in a high vacuum 

chamber. CSC60 was chosen among AC60， (A=K， Rb 

and Cs) since the other metallic phase can be excluded 

in the phase sequence of CsxC60 and a ideal 

FIG.l :crystal structure of AC60 
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experiments is considered to be made. For achieving 

uniform doping with the exact stoichiometry of 1 1， 

the C60 thin film grown in high vacuum deposition was 

heated at 423 K during the Cs doping using Saes getter. 

As shown in Fig..2， the doping was first fixed when 

the lowest value of conductivity was observedラ and
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FIG.2: temperature dependence of resistivity 

then the conductivity was measured with changing temperature. It can be apparent that 

the doping is controlled in a good accuracy since no hysteresis in the measurement 

curve was detected. We are now planning to employ this high quality CsC60 thin film to 

Field Effect Transistor physical technique to attein continuoes carrier control. 

[1] Akinobu Isurugi et al.， The Physica1 Society of Japan， 61 th Annual Meeting ， 27pRC-5， 3/27 (2006). 
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Growth of carbon nanotubes with acutely tapered tip shape 

by RF -plasma enhanced chemical vapor deposition 

oAtsushi Suzuki 1， Hideki Sato 1， Kazuo Kajiwara1
ラ
KoichiHata1 

， Yahachi Sait02 

1 Graduate School 01 Engineering， Mie Universiか
1577 Kurima-machかα-cho，Tsu 514-8507， Japαn 

2 Graduate school 01 Engineering， Nagoya University 
Furo-cho， Chikusa-ku， Nagoya 464-8603， Japan 

A radio frequency plasma enhanced chemical vapor deposition (RF-PECVD) method is 
expected as a method to grow carbon nanotubes (CNTs)剖 lowtemperature， which is 
inevitable for establishment of fabrication process of field emission displays (FEDs). We 
have recent1y found that the CNTs growth at low temperature less than 600 oC is possible by 
the RF-PECVD method. Here we report CNTs with unusually sharp tip shape grown at the 
low growth temperature. 

CNTs were grown in an RF -PECVD apparatus with conventional planar type 
capacitively-coupled plasrp.a source. A discharge frequency was 13.56MHz. Silicon (100) 
single crystal (10x10 mm2)with 3nm of catalyst iron (Fe)film was used as a substrate for 
CNTs growth. The process of CNTs growth was carried out with the following proceslure. 
The substrate was annealed as a pretreatment at 650 oC in a vacuum of about 4.0xl0づ Pa.
After the pretreatment， the substrate temperature was dropped to 550 oC and plasma was 
generated in an atmosphere of CH4 and H2・ Gasesflow rates were 80 sccm for CH4 and 20 
sccm for H2・ Pressureduring the CNTs growth was 67Pa. The CNTs grown on the 
substrates were observed by a scanning electron microscope (SEM) and a transmission 
electron microscope (TEM). 

Figure 1 is an SEM image of CNTs grown on the substrate. Vertically aligned CNTs 
are densely grown on the substrate. TEM observation of the CNTs showed that the CNTs 
have acute-angled cone shape or pencil-shape at the tip part as shown in Fig.2. Average 
diameter of the CNTs was around 10 nm. This structure is c1early different from that of the 
CNTs grown under conditions. No such the tip shape was found in the CNTs grown at 
higher growth temperature in this study. This acute tip shape is probably originated in a 
behavior of the catalyst partic1e at the early stage of the CNTs growth. 

This work is in part supported by Cooperation of Innovative Techno1ogy and Advanced Research in 
Evo1ution Area (City Area) project of Ministry of Education， Cu1ture， Sports， Science and Techno1ogy and by 
Mie University Satel1ite Venture Business Laboratory (SVBL). 

、h

Fig.l SEM micrograph of vertical1y aligned 
CNTs grown on the substrate. 
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Control of the innermost tube diameters in MWNTs by evaporating the 
boron doped carbon rod by RF plasma 

OShigenori Numao， Shunji Bandow， Sumio Iijima 

Department 01 Materials Science αnd Engineering， 21st centuη COE“NanoF actory "， 
Meij・oUniversity， 1-501 Shiogamaguchi， Nagoya， 468-8502，Japan 

Control on the diameter of innermost parts of multiwall carbon nanotubes (MWNTs) is 
very important subject in the development of the materials for nano-capsule. By using the 
radio frequency (RF) plasma， closely filled MWNTs， that have the innermost tube diameters 
of 0.4 nmラ canbe easily obtained with high purity [1]. Recently， we found that the 
diameters of innermost tubes can be changed between the samples produced by evaporating 
the composite carbon rods with various boron concentrations by the RF plasma. 

The composite carbon rod was prepared by filling the B mixed carbon powder into a 1.2 
mm diameter cylinder-hole drilled at the center of a 5 mm diameter carbon rod. This 
carbon rod was shaped like a needle on a lathe. We changed the concentration of B in the 
carbon powder between 0 and 30 % by weight， and vaporized the composite rod by RF 
plasma generated in the mixture gas 
flow of Ar/H2 (14 % of H2). 

恥1WNTs thus prepared were 
characterized by using transmission 
electron microscopy (TEM)， Raman 
scattering and thermogravimetric 
analysis (TGA). Figure 1 indicates 
the diameter distributions of the 
innermost tubes (solid bars) and 

corresponding outer tubes (hatched 
bars)， and typical high-resolution 
TEM images. Increase of the inner 
tube diameter can be clearly 
recognized for the恥1WNTsprepared 
by using the 10 % of B-doped carbon 
rodsラ andthe inner tube diameters 
reached to ~3-5 nm with the outer tube 
diameter of ~9 nm when using the 
30 % ofB-doped carbon rod. Raman 
spectra recorded in the R-mode region 
also indicated consistent results with 
those of TEM. TGA showed the 
decrease of combustion temperature， 
which is lower than that of closely 
filled MWNTs by ~40oC. 
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Fig. 1. Size distributions of innermost tubes of MWNTs and 
corresponding outer tubes， and TEM images. Solid and hatched bars 
mean， respectively， the inner and outer tubes of MWNTs 
High-resolution TEM images are in the right column 
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Formation of Boron圃 CatalystedStraight and Long Multiwall Carbon 
Nanotubes by Laser Vaporization 

OHiroki Matsumoto， Akira Koshio， and Fumio Kokai 

Division of ChemistJアforMaterials， Graduαte School of Engineering， Mie Universiか，
1577 Kurimamachiya-cho， Tsu， Mie 514-850スJαrpan

It is well known that multiwall carbon nanotubes (MWNTs) are grown effectively by chemical vapor 

deposition (CVD). However， few studies are reported on MWNT generation using laser vaporization. Here， 

we report that the “straight" and “long" MWNTs are efficiently formed by room temperature laser 

vaporization of a mixture of graphite and boron in an Ar atmosphere. 

Target pellets (diameter: 13 mm， thickness: 5 mm) containing boron (l to 60 at.%) were prepared by 

mixing powders of boron carbide and graphite. The target pellet was placed into a stainless-steel chamber. 

After evacuated the chamber乙ラ Ar gas (0.1.ト.幽札.

irradiated by using a CW-Nd仕:YAGlaser (laser poweぽrdensity: 13.3 k羽Wη/c叩m2，spot size: 2 mm2) for 2 

seconds. The products obtained under different experimental conditions were characterized by transmission 

electron microscopy (TEM) and scanning electron microscopy (SEM). 

Figure 1 shows a TEM image of a typical product obtained using a target containing 20 at. % boron. Ar 

gas pressure used was 0.1 MPa. Straight MWNTs were found to efficiently grow under this condition. The 

MWNTs showed outer diameters in the range from 12 to 40 nm， inner diameters in the range from 2 to 10 

nm， and lengths more than 25μm. Figure 2 shows a typical high-resolution TEM image of a M¥¥明 T，

indicating that the MWNT has high crystallinity. The diameters of the MWNTs were increased as Ar gas 

pressure increased. When Ar gas pressure was 0.9 MPa， thick MWNTs with outer diameters of 100-300 nm 

were prepared. We believe that of MWNTs by laser vaporization occur in a short reaction time (for 

seconds) compared to that in a CVD method (for more than minutes). For the growth of straight and long 

MWNTs， we consider that a specific catalytic activity ofboron plays an important role. 

Fig. 1 TEM image of MWNTs. 
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Production and purification of camphor-grown carbon nanotubes 

ONaoto Okazaki， Atsushi Iida， Mukul Kumar* and Yoshinori Ando 

Department 01 Materials Science αnd Engineering， Meijo University， Nagoya 468-8502 

Our group is known for growing single-wall nanotubes (SWNTs) and multiwall nanotubes 

(MWNTs) from an unconventional carbon precursor， camphor， by catalytic chemical vapor 

deposition method [1]. U sing zeolite powder as a catalyst support， we have optimized the 

relative concentrations of camphor and catalyst to achieve an exceptionally high growth rate 

of MWNTs at atmospheric pressure. Simple pyrolysis of 19 camphor over O.lg 

Fe-Co-impregnated zeolite at 6500C for 15 minutes inf1ates the zeolite about 40-50 times by 

volume and yields approximately 0.5g MWNTs. Transmission electron microscopy of 

as-grown material reveals MWNTs in a narrow diameter range of 5-15 nm with negligible 

amorphous carbon. Thermogravimetric analysis (TGA) also con白rmsthe absence of 

amorphous carbon and graphite partic1es in our samples. In this presentation we focus on the 

purification parameters of camphor-grown MWNTs. Against the available report of dissolving 

zeolite support in 6M NaOH solutionラweprefer to use 3M NaOH solution for zeolite remova1. 

Our optimized purification process ensures zeolite removal over 95%. For instance， a typical 

TGA of zeolite-purified M¥¥明 Tsample is shown in Fig. 1. Remaining 4.5% is nothing but 

the metal which can easily be removed by HCl treatment. 
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Fig. 1 TGA of camphor-grown MWNT sample after 3M NaOH treatment. 

o Presenting author. E-mail: m0634009@ccmailg.meijo-u.ac.jp， Tel: 052-838-2409， Fax: 052-832-1170 
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Aligned S羽TNTgrowth using size-controlled catalysts on sapphire 

Akira Yamazaki 1
ラ
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Goo-Hwan Jeong3， 4， Yoshihiro Kobayashi円
Hideyuki Yoshimura1 and Yoshikazu Homma2，4 

lDept. ofPhysics， Meiji University， Kawasaki， 214-8571 
2Dept. of Physics，おかoUniversiかofScience，Shinjuku， 162-8601 

"NTT Basic Research Laboratories， NTT Corporation， Atsugi， 243-0198 
4CREST/JST， Japan Science and Technology Corporation 

Aligned growth of single-wal1ed carbon nanotubes (SWNTs) on sapphire substrates 
and their characterization were reported by Ago et al. [1]. But the detail ofthe growth， 
especial1y the mechanism of the alignment has not been白l1yunderstood. In this paper， 
we report the growth of aligned SWNTs from size-controlled catalysts and discuss the 
mechanism of the aligned growth. 
Co-島町itin[2] and Fe-Dps were used as catalysts in addition to ferritin [3]. S\\市~Ts

were grown by thermal CVD on A-face and R-face surfaces of sapphire substrates and 

were characterized by SEM， AFM， and Raman spec仕oscopy.
Figure 1 shows the diameter distribution of SWNTs analyzed from AFM images. 

Growth of SWNTs aligned to [1，-1，0，0] direction on A-face was confirmed [1]. 

Observed diameter distribution (0.7士O.2nm)was significantly narrower than the 

previous resu1t (1.3 + 0.3nm) [3]. A similar tendency was observed for the growth by 

Co-ferritin and Fe-Dps. 
Figure 2 show a SEM image 企oma sapphire substrate with fabricated protrusions. The 
SWNTs begin to grow around a protrusion without any preference of growth direction 
and tend to align to a specific direction as the growth proceeds. This phenomenon 
suggests that the alignment is based on the tip-growth mechanism. 

References: [1] H. Ago et al.， CPL 408 (2005) 433， 421 (2006) 399. [2] G. H. Jeong et al.， JACS 127 

(2005) 8238. [3] C. Zhou et al.， JACS. 127 (2005) 5294. 
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Fig.l AFM image of aligned SWNTs grown by 
ferritin catalyst and their diameter distribution 
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Fig. 2 SEM image of SWNTs grown around a 
protrusion fabricated on sapphire substrate 
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The growth mechanism of SWNTs is a basic and important question， and two competitive approaches 

have been used for the description of CNTs growth， namely tip growth and base growth [1， 2]. In this work， 

we suggests a new growth mechanism which combine both tip and base growth model of SWNTs. Discrete 

Co catalytic nanoparticles are obtained on Si02 substrates by pulsed arc plasma deposition (UL V AC Inc.) 

(shot number is 5 pulses) and used for growth of isolated single-walled carbon nanotubes (SWNTs) with 

chemical vapor deposition (CVD) approach. Ethanol vapor was adopted as a carbon source with a f10w rate 

of 50 sccm at 750 oC for 60 min.， and the vacuum pressure was controlled at 5 Torr. Fig. 1 is a typical AFM 

image of isolated SWNTs. At the both ends of the nanotube named 00' are found metal particles， in 

contrast to another nanotube named 00"， for which a metal particle can be found only at the end of the 

position o. It is suggested that for the SWNT 00' the particle located at 0 is not only used to fix the 

nanotube but also as a catalyst， which can supply the carbon feedstock for CVD growth， besides the 

catalyst particle at position of 0'， as shown in Fig. 2. Having this idea in mind， it is not difficult to 

understand the fact that the same diameter nanotubes 00' and 00" have different length under the same 

CVD growth parameters. For the nanotube 00"， carbon feedstock can only be supplied from the catalyst 

particle located at 0 (base四 growthmodel)， while for the nanotube 00'， carbon feedstock can be supplied 

from catalyst particles from both ends (base growth plus tip growth). Our new finding suggesお thatthe 

base and tip growth mechanism can coexist in one SWNT growth. 

。
SWNTOO' 

• 
catalyst 

metal 

A 

Fig. 1 AFM image of SWNTs grown 

substrates. Image size: 1.5μmx2.0μm 

Fig. 2. Mechanism of SWNTs formation on a large metal catalyst 

[1] C. Bower et al.， Appl. Phys. L巴枕.77(2000) 2767. [2] M. Chhowalla et. al.， 1. Appl. Phys. 90 (2001) 5308 
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Morphology and properties of carbon nanotubes (CNTs) must be controlled for any 

applications. F or the use of mechanical properties， for example， macroscopic length of CNTs is 

preferable. On the other hand， a selective growth or separation of metallic and semiconducting 

CNTs has to be performed， when CNTs are used in electronic devices. Carbon nanotubes are 

synthesized by arc discharge， laser ablation and， in recent years， chemical vapor 

deposition(CVD) method for these applications. Especially， a1cohol catalytic CVD(ACCVD) 

method has advantage to apply to electronic devices because CNTs can be easily synthesized 

directly on a substrate in this method. Growth conditions of this method and their effects have 

been experimentally studied so far [1]. In this study， we report dependence of CNTs growth on 

ethanol gas flow rate and thickness of catalyst film by ACCVD method. 

Figure 1 shows Raman spectra of carbon nanotubes synthesized from Cobalt thin films 

deposited on Si02-coated Si subs仕ate.Higher peaks of G-band and RBM are observed by 

higher flow rate of ethanol gas with loA Co film in Fig. l(a)ラ andby thinner Co film with 

ethanol gas flow of 6.0 l/min. in Fig. 1 (b). 

5000 5口DO

a Co film thickness: lOA b 
Ethanol flow: 6.0 l/min. 
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Figure 1. Raman spectra of carbon nanotubes synthesized (a) from Co film of 10A thickness with 
different ethanol gas flow， (b) from Co films of different thickness with ethanol gas flow of 6.0 l/min. 
The spectra were obtained by 632.8 nm laser excitation. The spectrum and respective baseline are 
shifted for c1arity. 

[1] S. Maruyama， R. Kojima， Y. Miyauchi， S. Chiashi， M. Kohno， Chem. Phys. Lett. 360，229 (2002). 
Corresponding Author: Nobuhito lnami 
TEL: +81-761-51-1699(ext. 1555)， FAX:十81-761-51-1535，E-Mail: n-inami@jaist.ac.jp 

相 82-



lP圃 25

Direct Synthesis of Single-Walled Carbon Nanotube Forests 
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Among the known methods to synthesis single-walled carbon nanotubes (S¥¥明 Ts)，
chemical vapor deposition (CVD) provides direct growth of carbon nanotubes (CNTs) on 
substrates， and thus is the preferred growth method of SWNTs for nano-electronic 
applications. Generally， SWNTs synthesis is limited to insulating substrates such as Si wafers 
or quartz， and could not carry out on conducting substrates. Only the synthesis of 
multi-walled carbon nanotubes (MWNTs) grown directIy on Ni substrate was reportedL

:
J， due 

to large thickness of catalyst films or poisoning of catalytic activity on the surface of 
conducting substrates. 

Here we report a highly efficient growth of SWNTs and double-walled carbon nanotubes 

(DWNTs) on conducting metal substrates. Catalytic thin films of Al，O会 (35nm) / Fe (1 nm) 
were sequentially sputtered onto metal substratesラ whichwere commercially used Ni-Fe-Cr 
alloys. Highly efficient CNTs synthesis was carried out using water-assisted CVD at 7500C 
with an ethylene carbon source (100 sccm) and water (200 to 300 ppm) as a catalyst activity 
enhancer and preserver As a result， we found that substrates made of Ni-based alloys 

Inconel@S01 SUS3lOS with Cr or Fe were excellent for SWNT 
時準瞳描幽幽副崩鞠3 d幽幽幽幽幽幽陸

ねi Fe 
a圃阻圃輔副‘& YEF50 週圃・回開酔

で雪国圃園周剛・田

Fig 1. Correlation between components of 

Ni-Fe-Cr alloys and their photograph. 

References 

synthesis. Fig.1 shows success白1syntheses of 
CNT forests were achieved on various alloys 
spanning many standard metals， such as Fe， 
Ni， Inconel@ 601ラ YEF426， NiCr竺YEF50ラ

SUS 430， SUS 304， SUS 31 OS. From detailed 
TEM analysis revealed that CNTs grown on 
Ni， Fe， and two Fe-Cr alloys (SUS 430， SUS 
304)， consisted not only of SWNTs but also a 
significant proportion of 恥1WNTs. Our 
approach opens up an economical route for 
the mass production of SWNTs (D\\弓~Ts)
forests and also enables straightforward 
assemble of CNTs into nano-electronic 
devices， such as field emission displays. 

[1] Y. Hua， K. Huoa， H. Chena， Y. Lub， L. Xua， Z. Hua， Y. Chena， Mater. Chem. Phys.， in press. 
[2] K. Hata， D. N. Futaba， K. Mizuno， T. Namai， M. Yumura. S. Iijima， Science.， 40， 397 (2004). 
[3] D. N. Futaba， K. Hata， T. NamaiヲT.Yamada， K. Mizuno， Y. Hayamizu， M. Yumura. S. Iijima， J. Phys. Chem. 

B.， 110， 8035 (2006). 
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Takeo Yarnada， Motoo Yurnura and Surnio Iijirna 

Research Center戸rAdvanced Carbon Materials， Nationallnstitute 01 Advanced lndustrial 
Science and Technology (AIS刀，Tsukuba， 305-8565， ~αrpan 

The chernical vapor deposition (CVD) rnethod has been recognized as an effective 
rneans to synthesize single-walled nanotubes (SWNTs) on substrate. However， The CVD 
rnethod has suffered severely low catalyst activity. We already reported a significant 
breakthrough addressing low efficiency of catalytic activity of SWNTs synthesis can be 
achieved by the addition of srnall and controlled arnount water into a CVD growth 
(Super-Growth CVD) [1]. In this super-growth CVD process， catalytic thin filrns of Ab03 
(10 nrn) / Fe (1.2 nrn) were sequentially sputtered onto silicon wafer and a SWNT forest rnass 
density was constant at 0.037 g/crn3 [2]. However， the density of forests can not control by 
changing thickness ofFe filrn. 

Here we report highly efficient growth of SWNTs企ornwet iron-rnolybdeniurn 
(Fe-Mo) nanopartic1es catalysts by super-growth. The high activity of the nanopartic1e 
catalysts， and the ability to deposit thern densely on substrates without aggregation enabled to 
synthesize SWNT forests with the assistance of water. Key characteristics of the SWNT 
forests such as height， and quality were sirnilar or even superior to those of forests grown 
frorn dry-sputtered catalytic rnetal filrns. Our approach can be extended to provide further 
controllability in SWNT synthesis dernonstrated by the density control between ca. 0.01 
g/crn

3 
to 0.05 g/crn3 (Fig. 1) achieved by the changing the arnount of Fe-Mo nanopartic1es 

deposited on the substrate. These results open up an econornical and scalable approach 
towards rnass-production of SWNTs by the super-growth. 

References: 
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Figure 1. Density control ofSVV'NTs forest 

[1] K. Hata， D. N. Futaba， K. Mizuno， T. Namai， M. Yumura， S. Iijima， Science， 2004，306，1362. 

[2] D. N. Futaba， K. Hata， T. Namai， T. Yamada， K. Mizuno， Y. Hayamizu， M. Yumura and S. Iijima， J. Phys 

Chem. B， 2006， 110，8035. 
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Catalytic chemical vapor deposition (CVD) represents one of the promlsmg 

candidates for the mass production of carbon nanotubes (CNTs). The “Super -growth" 
techniqueラ whichhas demonstrated the highly-司efficientand highly pure synthesis of 

single-walled carbon nanotubes (SWNTs) by adding a small and controlled level ofwater into 

the CVD growth environment， has achieved millimeter-long SWNTs in a 10 minute growth 
time [1]. This breakthrough technique opened the door for the scientific and industrial 

application of SWNTsラ suchas electrical devices， storage materials， nano-reactors， etc. 
However， the current S¥¥弓.JTmean diameter for the Super-growth technique is typically 3 nm 

[2]， which precludes the use of super-growth SWNTs for semi-conducting uses. Unfortunately， 
precise diameter control of SWNTs remains a severe obstacle in the CNT白eld.Thereforeラ m

order to open all roads to develop potential SWNT applications， the realization of mass 
production of diameter-controlled SWNTs is necessary. 

From this viewpoint， we investigated rational and scalable methods to tune the mean 

diameter of the super-growth SWNT forests. Here， we report a straightforward approach to 

control the diameter by simply adjusting the total gas flow rate without the need to change the 
catalyst amount. Preliminary resu1ts have shown our ability to vary the mean SWNT diameter 

企om2.2 to 3.3 nm. 

References: 

[1] K. Hata， D. N. Futaba， K. Mizuno， T. Namai， M. Yumura， and S. Iijima， Scinece 2004， 306， 1362. 
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Chem. B， 2006，110，8035. 
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Enhanced Direct-Injection-Pyrolytic-Synthesis (e-DIPS) Method 
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We have developed a novel large-scale synthesis method for single-walled carbon 

nanotubes (SWNTs) with high purity to be the core material for nanotechnologies. This 

method modified 丘omthe DIPS (direct injection pyrolytic synthesis) method has dramatically 

improved an accurate control of the reaction conditions to achieve high purity and a high 

degree of graphitization. The purity of the SWNTs synthesized by the enhanced DIPS method 

was increased from the previous level of ca. 50% to 97.5%ラ andthe structural defects in the 

SWNTs was reduced to one tenth of the previous level. Furthermore， the catalytic efficiency 

has also been increased to 3900%， which represents one hundred times the previous 

productivity. 

As shown in Figure 1， there is no 

need for purification processes， surface 

treatments or use of binder in order to 

spin high strength threads (SWNT wireラ

see Figure lE) and to make thin films 

(SWNT sheets， see Figure lD)， 

probably due to their high quality. 

These SWNT wire and sheets would 

be applicable for ultra圃 toughairplane 

materials， transparent electrode， and 

mesh materials for cell culture. 

We have measured the properties of 

the SWNT sheet and SWNT wireラ such

as tensile s仕engthand sheet resistance， 

as well as the basic properties of the 

as-grown high-quality SWNTs. Details 

will be presented at the meeting. 

Corresponding Author: Takeshi Saito 

Figure 1. SWNTs grown with e-DIPS method. (A) Picture 
of as-grown sample. (B) SEM and (C) TEM images. (D) 
An or恕amicrane made from a non-purified high quality 
SWNT sheet (sheet thickness: approximately 9 
micrometers). (E) SEM image of high strength SWNT 
wire produced without surface treatment and binder. (F) 
Enlargement of the part in (E) suggested by the white 
circle. 
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The CCVD (catalytic chemical vapor deposition) method is of great importance not 

only from fundamental point of view but from industrial bulk synthesis of carbon nanotubes 

(CNTs)， since it enables us to scale up simply with reasonable cost. We have reported the high 

yield synthesis of SWNTs and DWNTs by the zeolite-CCVD method [1]. So far， the CCVD 
synthesis has been employed convective heat transfer for growth energy. Here， we report 
entirely new system for CNTs growth by radiative heat transfer with an IR-fumace. (cf. 
Fig.1) 

The conventional conductive heat 
transfer CVD provides heating energy through 
reactants and buffer gas. IR heating， in contrast， 
provides radiative heat transfer direct1y to 
reactants. We have employed TMP (Turbo 
Molecular Pump) to achieve high vacuum (10

同6

Torr) with less impurities. A mass flow controller 
(HORIBA-STEC， SEC-8400S) regulate flow rates 
of reactant EtOH as carbon source. The IR heating 
realizes much faster response of descent and Fig.l Schematic 0ぱfsy卯nt白he回siおssystem 

aωsc∞en凶t0ぱft旬emp戸era仇印lr問ea悩scompared w机it由ht由ha抗t0ぱf W羽it由hIR

conductive heating. One can obtain information on 
an accurate carbon amount of supply necessary for 
studying growth mechanism of CNTs. Indeed， we 
have obtained high yield of SWNTs with a shorter 
reaction times. Figure 2 shows a typical TEM 
image for as-produced samples. The SWNTs 
synthesized show a somewhat wide diameter 
distribution (d = 0.7 """'-'2.5 nm). In the IR-fumace， 
the floating EtOH decomposes prompt1y c10se to 
metal catalysts due to radiative heating which is 
contrasted to gradual decomposition by conductive Fig.2 TEM image of SWNTs obtained 
heating with electric fumace. from zeo1ite・CCVDwith IR-白mace

References: 
[1] T.Hiraoka et al. Chem. Phys. Lett. 382 679 (2003) 
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The effect of a platinum catalyst on the formation of SWNTs with narrow 

diameter distribution by alcohol-CCVD method 
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2D々partment0/ physics，めotoSangyo University， めoto603-8555， Japan 
3 Life Science砂-stemDivisionタ EBARACorpora tionタ

Kanagawa 251・8502， ゐ'Pan
4Nanatecnorogy Research Institute， AIST， Tukuba， 305-8562， Japan 

It is well known that single-wall carbon nanotubes (SWNTs) are synthesized by 
alcohol-CCVD method， and their chirality and diameter distributions depend on catalytic 
meta1. Therefore， the study on the effect of catalyst is important to elucidate not only the 
generation mechanismラbutalso production of SWNTs with a single chiral distribution. 
In this work， SWNTs were synthesized by A1chol-CCVD method using ethano1 as carbon 

sourceラ andplatinum and cobalt were used as a catalyst deposited on porous glass(PG)[l]. 
Samples were ana1yzed by TEM， Raman spectroscopy， and fluorescence spectroscopy. 
Obtained Raman and fluorescence spectra are shown in Figs.l and 2. When cobalt was used 
as a catalyst， the Raman spec仕ashowed wide diameter distribution at each temperature. On 
the other hand， when platinum was used instead of cobalt， the diameter distribution was 
found to change narrow. Especially at 900

0

Cラ thedifference was significant. Raman spectra 
obtained by p1atinum catalyst consist of only two peaks at 245cm-1 and 260cm-

1， showing 
sharp contrast to those by cobalt catalyst， consisting of a 10t of peaks(145cm-1

-260cm-
1 )， 

particularly in the larger diameter region. In conclusion， the present results suggest the 
potential abi1ity of Pt as a catalyst for generation of SWNTs with small and very narrow 
diameter distributions even at high temperature. 
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Reference: [1] YAoki et a1.ラ Chem.Lett.ラ 562，34(2005) 
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We are now paying our greatest attention to metallic catalysts for the goal of efficient and 

chirality-controlled growth of single-walled carbon nanotube (SWNT). In a Fe-Co bimetallic 
catalyst system， we have previously presented a model to explain the efficient growth 

mechanism of SWNTs on Si/Si02 by chemical vapor deposition (CVD) [1， 2]: Preferential 
diffusion ofFe to the Si02 top substrate layer prevented Co 合omdiffusion to the Si02 layer or 

aggregation to large particles， thus efficient generation of nm-sized Co particles resulted in 
high yield of SWNT. 

Here， we determined the catalyst composition to maximize the yield of SWNT as follows: 

The Fe-Co bimetallic catalyst was loaded on a Si/Si02 substrate by spin coating， dropping 
ethanol solutions of Fe-and Co acetate. We varied the Fe concentration in the solution in 

0-0.01wt% keeping the Co concentration at 0.01wt%. Figure 1 shows relative intensity ofthe 

G band in Raman spectra of SWNT plotted against the Fe concentration. The G-band intensity 

is peaked at around 0.005 wt% ofFe， thus most efficient growth of SWNTs. We consider that 
diffusion of Fe atoms into the Si02 top layer is saturated at this concentration， and generation 
of nm-sized particles of Co is promoted most efficiently. 

As the latest findingラwealso introduce a 2-stage CVD process that leads to a more efficient 
growth of SWNT than single-stage processes as above: Hereラacatalyst ofFe is first loaded on 

a substrate and annealed. Thenラ aCo catalyst is loaded on the substrates to start the growth of 

SWNT. More details will be presented in the symposium. 

Fig.1 
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4F;ザiResearch LaboratoηJ， Tokai Carbon Co.， Ltd. 

Carbon nano-hom (CNH)， which is a kind of the nanocarbon， attracts the attention as an 

electrode material of Direct Methanol Fuel Cell (DMFC) (1). It was showed that it has been 

able to be synthesized as an arc-soot nano-carbon (ASNC) by the arc discharge method under 

specific condition (2). In addition， it was indicated that the non閣 dahlia-likeASNC， prepared at 

80 kPa， supported the finer Pt-Ru partic1es with highly dispersion(3). But， the dahlia-like 
ASNC has a low electrical conductivity and this degenerates a cell paformance. Hence， we 

used the device that can continuously synthesize ASNC to synthesize a structured ASNC. 

In this studyラ atfirst we synthesized the structured ASNC， 80 kPa under N2 atmosphereラ

as shown in Fig.l. And Pt and Ru were dispersed on the structured ASNC through a batch 

reaction based on colloid formation and reduction in ethylene glycol solution. The activity of 

the synthesized catalyst was evaluated， and the 

inf1uence of the ASNC structure was evaluated. 

Additionally， The DMFC electrode was made 

with the synthesized ASNC and the cell was 

tested. As a result， the structured ASNC showed 

good cell paformance. 

This work has been partly supported by the 

Excellent Research Pr吋ectof the Research Center 

for Future Technology from Toyohashi University 

of Technology， the 21 st C印刷ryCOE Program 

"Intelligent Human Sensing"企omthe Minis仕yof 

Education， Culture， Sports， Science and Fig.1. TEM micrograph ofPt-Ru partic1es 
Technology， and JSPS Core University Program. dispersed on struc旬redarc-soot nanocarbon. 
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d Product Development Center， Futaba Corpor，αtion 

Arc discharge method is one of the methods to prepare various carbon nanomateria1s 

such as multi-walled carbon nanotube (MWCNT)， sing1e.凶walledcarbon nonatube (SWCNT)， 
and carbon nanohom (CNH). On the other handラ wehave deve10ped a torch arc method using 

a we1ding arc torch for syntheses ofMWCNT and CNH in open air(l). 

The contentious production apparatus of nanocarbon was new1y deve1oped， which had 
two arc torches 10cated with a certain ang1e. Both e1ectrodes of arc torches were end1ess1y 

supp1ied， in order to operate for a 10ng time. In the 

appara知s，the constant amount of gas flows in from 

the torches and evacuated by the pump. Pressure in 

chamber was constant1y controlled by a conductance 

va1ve， ba1ancing the gas supp1y and exhaust. 
Arc soot including cocoon-1ike CNH 

synthesized under nitrogen gas flow. The arc soot 

was characterized by measuring compressive 

resistivity and bu1k density. The results are shown in 

Fig.1 and 2. When the arc soot was compressed， it 

has high e1ectric resistance and 10w bu1k density. The 

result indicates this arc soot is 10wer specific gravity 

than conventiona1 arc discharge method. This work 

has been part1y supported by the Excellent Research 

Project ofthe Research Center for 

Future Techno1ogy from Toyohashi University 

of Techno1ogy， the 21 st Centu巧rCOE Program 

"Intelligent Human Sensing"企omthe Ministry of 

Education， Cu1ture， Sports， Science and 

Techno1ogyラ andJSPS Core University Program. 
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Fig.l Compressive resistivity of arc soot 
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Electrochemical capacitors have a greater response speed and longer lifetime than 

secondary batteries. Electrochemical capacitors can be classified into two groups: an 

electric double layer capacitor (EDLC) and a pseudo-capacitor. The former charges 

electrons on the double layer formed in the interface of electrode and electrolyte. The 

latter charges electrons on the surface of electrode by the faradic reactions [1]. 

The pseudo-capacitor electrode consisted of RU02 has proposed. It has been 

investigated that the RU02 was dispersed on carbon electrode in order to reduce the 

amount of expensive Ru [2]. In this study， RU02 dispersed nano-carbon was prepared as 

the following procedure. The arc-soot as nano-carbon was prepared by the arc discharge 

method. Metallic Ru was supported on the arc-soot through a batch reaction based on 

colloid formation and reduction in ethylene glycol solution. Then the dispersed Ru was 

heated and oxidized in air (573 Kラ 1h). 

XRD pattems of arc-sootラ Ru-dispersedarc-soot， RuOrdispersed arc回 sootare 

shown in Fig.1 as well as graphite. 

The resu1t indicates that the Ru was 

amorphous as-dispersion and 

cl)叫allizedRU02 was formed after 

oxidization. 
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Organic-Vapor Stimulated Reversible Incorporation and Exit of C60 

in/from Single圃 WallCarbon Nanohorns 
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Various molecules are incorporated inside single-wall carbon nanohoms (S¥¥明Hs)[1] 
through holes at room temperature in liquid phase [2-6]. Larger diameter (2-5 nm) of the 
intemal nanospaces of SWNHs gives motional 企eedomand moderate confinement to the 
incorporated molecules， and thus allows them to be easily released to outside SWNHs by 
immersion in solvents [4-6]. Here， we report that the incorporated molecules exit outside and 
the exited molecules re-enter inside SWNHs even in dry conditions at room temperature by 
exposure to appropnate organic vapors. 

We used C60 as the first example to demonstrate reversible en仕anceand exit inlfrom 
hole-introduced SWNHs (NHox). C6o-incoporated NHox (C6o@NHox) was obtained by 
drying NHox-C6o-toluene mixture [6]. An X-ray diffraction (XRD) pattem of C6o@NHox 
showed a broad difl仕actionpeak around 2θ= 200， suggesting small crystalline size and 
disordered arrangement of the incorporated C60・Afterexposure to ethanol vapor at room 
temperature， new sharp peaks corresponding to (111)， (220)， and (311) diti企actionpeaks of 
C60 crystal with an estimated size of about 70 nm appeared. Such large C60 crystals deposited 
outside NHox were indeed observed by transmission electron microscopy. Interestingly， the 
exited C60 again entered inside NHox by exposure to toluene vapor， which was confirmed 
from a disappearance of the difl合actionpeaks of the C60 crysta1. We a1so found that the 
movements of C60 from inside to outside NHox and vice versa were repeatab1e. 

The phenomena were considered by assuming C6o-t01uene pseudo-s01vate formation inside 
NHox and its stability. Thermo-gravimetric analyses of C6o@NHox indicated that small 
amount of toluene was co-incorporated with C60 having molar ratio of C6o:t01uene ::::: 1 :2. 
This ratio agrees with the reported va1ue for C6o-toluene s01vate [7]. When the C6o@NHox 
was exposed to ethanol vapor， overall stabilization energies of ethanol c1usters would 
overcome those of the incorporated C6o-toluene pseudo-solvates， giving rise to ejection of the 
pseudo-solvates to outside NHox. Because the pseudo-solvates would be unstable on outer 
surface ofNHox having negative curvature， they decompose into the C60 nano-crystals. Upon 
exposure to t01uene vaporラ onthe other handラ theC6o-toluene s01、ratewould be re-formed， 
move-around， and enter inside NHox through the holes. 

Selection of vapors should de 

-93 -



lP園 36

Solubilization of Single-Wall Carbon Nanohorns 
with an Anticancer Drug-Polymer Conjugate 
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Single-wall carbon nanohoms (SWNHs) are newly discovered carbon nanoparticles 

with an average diameter of 80-100 nm， and composed of single-wall carbon nanotubes with 
com-shaped caps.l By oxidationラ SWNHs are transformed into a porous structure 

( oxSWNHs) with “nanowindows (<件 2nm)" on the tubes， and then oxSWNH has about 
four-times larger surface area than as-grown SWNH. We have recently reported that 

oxSWNHs adsorb dexamethasone2 or cisplatin3 and these drug-oxSWNH complexes perform 

sustained drug release. On the contrary to these promlSlng properties as a drug carrier， 
oxSWNHs are poorly dispersed in an aqueous environment. Here， we describe a simple 

procedure for dispersing oxSWNHs in aqueous solution using a polyethylene 

glycol-doxorubicin (PEG-DXR) conjugate， in which DXR is a clinically used anticancer 
dmg.4 

In this methodラ oxSWNHsare first dispersed in organic solvent and added by 

PEG-DXR. Nextラ themixture of oxSWNHs and PEG-DXR are diluted with water to obtain 

the PEG-DXR-treated oxSWNHs. The modified oxSWNHs were well dispersed in water， 
which permitted them to pass through a gel filtration column. This dispersibility was inhibited 

by the co-addition of DXR， which implies that PEG-DXR interacts with oxSWNHs via its 
DXR moiety. The average diameter was estimated to be about 160 nm by dynamic light 

scattering measurements. PEG-DXR・oxSWNHsinduced DXR-dependent apoptosis in human 

lung cancer cells. Histopathological analyses indicated that PEG-DXR-oxS¥¥弓ぜHs

intravenously administered into normal mice mainly accumulated in macrophages in the liver 

and spleen. 
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Single-wall carbon nanohoms (NHs) have inherent hollow spaces， and the holes of the 

sheath walls can be opened easily by the heat treatment in oxygen (NHox). Various kinds of 

materials， such as C60 [1] and Pt-compound [2]， can be incorporated and re1eased inlfrom the 

nanospace ofNHox. We have reported previously that Gd-acetate clusters had the cap effectsラ

which suppressed the C6o-release 企omthe C6o-incoporated NHox [3]. Howeverラ theGd 

acetate cannot be used for the living systems， therefore we used various polyamines to plug 

the holes ofNHox in this study. 

The C60 was incorporated inside NHox (C6o@NHox) by the nano前 precipitation[4]ラ andthe 

holes of NHox were plugged by several types of amines with different molecular sizes. The 

smallest molecule was 1，4-diaminobutane (Bu) and the largest one was spermine. By 

immersing C6o@NHox in toluene， about 90% of C60 was released， while Bu-plugged 

C6o@NHox， only 10%. The released C6o-quantities increased as the molecular sizes became 

larger， and the spermine-plugged C6o@NHox released 60% of C60・Thismeans that the 

polyamines and carbonyl groups at the edges of holes were covalently bonded， and the 

small-sized amines plugged the holes more effectively than the large ones. This tendency was 

explained as follows. When the molecular size was small， the number of polyamines attached 

to the holes edges increased， and the net hole sizes decreased. When the large polyamines 

were attached to the holesラ thenumber was limited due to the small hole size (1 ~2 nm) or its 

own steric hindering effect. Our results indicate that the chemical modification of the hole 

edges with polyamines will exhibit various performances for the release of materials from 

inside NHox to outside. 
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ON.Murata1

ぺY.Saito1，Y.lwabuchi2
ラ
M.Matsudaira1

，2， Y. Shiina 1ぺM.Ide1

ぺand

J.Haruyama1，2 

lAoyamαGakuin Universiか~ 5-10-1 Fuchinobe， S，αgamihara. Kanagawa， Japan 

229-8558 

2JST-CREST 

Superconductivity (SC) in carbon nanotubes (CNTs) is attracting a significant 

attention from viewpoints of both SC in one-dimensional conductors and SC in 

carbon-related materials. From the former viewpoint， only three groups have reported 

SC in CNTs inc1uding our report [1]-[3]. From the latter one， it has been found that 

highly B-doped diamond [4] and CaC6 [5] could exhibit SC， interestingly with the 

similar Tc = 11-12K. 

Here， we report measurement results ofmagnetization in superconductive multi-walled 

CNTs (M¥¥尽イTs).We measured magnetization in arrays ofM¥¥弓-.J"Tsthat exhibited a sign 

of SC， in which resistance gradually drops from Tc with decreasing temperatures but 

does not saturate even at T= 1.5K. We found that most of such samples exhibited gradual 

and unsaturated drops in magnetization as temperature decreases. We will discuss 

correlation of this magnetization drop with Meissner effect. Moreover， we found that 

magnetic anisotropy is only about 30 % in the amplitude of magnetization drop. lf the 

drop is attributed to Meissner diamagnetismラ thisweak anisotropy implies that graphite 

structure of the MWNTs is a dominant factor for the origin of SC rather than influence 

of curvature [6]. 

[1] J.Haruyama et al.， Phys. Rev. Lett. 96， 057001 (2006) 

[2] M. Kociak， et al.， Phys. Rev. Lett. 86，2416 (2001) 
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[4] E.A.Ekimov et al.， Nature (London) 428，542 (2004) 

[5] T.E.Wel1er et al.， Nature Physics 1，39 (2005) 

[6] J.Gonzalez， Phys.Rev.Lett. 88， 076403 (2002); cond-mat/0603292 (2006) 
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Controlling bandwidth of edge states and superconductivity in carbon 
nanotubes 
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The energy spectrum of the iZ'-electrons near the Fermi level consists of not only 

delocalized bulk states but also localized edge states [1]. Theoretically， edge states are 

zero energy eigenstates at the Fermi energy (f1at-band). Experimentally， a direct 

measurement by scanning tunneling microscopy and spectroscopy of graphite edge has 

been observed a sharp peak of local density of st剖esnear the Fermi energy [2]， which 

can be identified as the edge states. An interesting point is that the peak is located not 

just at the Fermi energy but below it by about 20 meV We propose a mechanism， which 

reduces the energy of the edge states. The mechanism consists of next nearest-neighbor 

(NNN) hopping process in addition to the original nearest-neighbor tight-binding one. 

The NNN gives a finite bandwidth to the edge states and explains the measurements [3]. 

The edge states play a decisive role at the interface between nanotube and an 

electronic contact because they enhance the local density of states. The contact is also 

important for emergence of superconductivity observed in multi-walled carbon 

nanotubes [4]. Thus， it is valuable to examine the effect of the edge states on the 

superconductivity. Interestingly， the bandwidth can be controlled by on-site energy at 

edge sites since the NNN can be represented as the on-site energy. The bandwidth is a 

parameter goveming correlation effects such as magnetic ordering and 

superconductivity. By controlling the on-site energy by means of an electrode， it is 

possible to control the correlation effect. We argue the possibility of edge state's 

superconductivity in nanotubes. 

[1] M. Fujita， K. Wakabayashi， K. Nakada， K. Kusakabeラ1.Phys. Soc. Jpn. 65， 1920 (1996). 
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(2005); Y. Kobayashi， K. Fukui， T. Enoki， K. Kusakabe and Y. Kaburagi， Phys. Rev. B71， 193406 (2005). 

[3] K. Sasaki， S. Murakami and R. Saito， Appl. Phys. Lett. 88， 113110 (2006). 

[4] 1. Takesue， 1. Haruyama， N. Kobayashi， S. Chiashi， S. Maruyama， T. Sugai and H. Shinohara， Phys. 
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During the past 10 years many studies have been reported on the electrical conductance of 
individual carbon nanotubes (CNTs)， whereas the bulk electrical conductivity measurements 
have been limited. Yoshida et al. [1] reported that the conductance mechanism ofbulk CNTs 
(MWNTs) can be interpreted as the so-ca11ed variable range hopping conductance. Here， we 
report a systematic study on the electrical conductance of various type of bulk CNTs and 
consider conductance mechanisms ofbulk CNTs. 

We have measured the electrical conductance of HiPco-SWNT (designated as 1.S¥¥明T)，
double-wa11 CNTs (DWNT) made by TORAY Co. Ltd. (ο2.D羽r巾N、可H)，ラ CCVD圃 multi-wa叫11CNTs 

(σ3 
M羽r弓NT2000has much sma11er defect than CCVD-孔M羽「巾?トN、司~Ts. Temperature dependences of 

resistance for these four types of CNTs were measured by the four probe method. 
Figure 1 shows tempera加redependence of bulk conductance of these CNTs samples. The 

observed resistances normalized at 295 K are in proportion to T -114. [2] Therefore， the 
conductance mechanism of the bulk CNTs can be interpreted within the framework of 3D 
hopping conductance. [1] One can ca1culate hopping lengths by slopes of the individual plot. 
The obtained hopping lengths become shorter according to 乱1\\巾~T， D¥¥尽H，SWNT， and 
MWNT2000. Although the hopping length of MWNT2000 is shorter than any other samples， 
electrical resistance is large. This suggests that electrical resistance is reflected by mechanical 
flexibility of CNTs. Since MWNT has solid and stiff structure， the number of mutual contact 
points of MWNTs in a bulk sample is much sma11er 
those of other flexible CNTs. Consequently， the number 
of hopping pathways of conducting electrons is sma11 
and thus the electrical resistance becomes higher. 

0.7 

I.SWNT 
2.DWNT 
3 ~ほ杭'NT

4九骨ViNτ20001 

10 

出
品
志
N

N
『
¥
匂

for Research Laboratories 

Acknowledgements: 
1 thank Toray Chemical 
supplying DWNTs. 

0.6 0.4 0.5 
-114 'TT  -114 

T-"~ /K 
0.3 

1 
L開

0.2 
References: 

[1] Y. Yoshida et al. J.AppI.Phys， 83， 4985 (1998). 

[2] N. F. Mott， J.Non-Clァst.Solids，1， 1 (1969). Figure 1. Temperature dependence of 

normalized resistance of various CNTs. Corresponding Author: Hisanori Shinohara 
TEL:十81司 52-789-2482，FAX: +81-52・789四 1169，E-mail:盟主総弘主主忍也生日必

-98 -



lP-41 

Current-induced improvement of contact resistance 

between carbon nanotube and Pt electrode 

OYuyaYoshikawa1， SeijiAkita¥ Yoshikazu Nakayama1，2 

1 Department of Physics and Electronics， Osαka Prefec仰陀 Universiか1-1Gakuen-cho， Sakai， 
Osaka 599-8531， Japan 

2 Handai Frontier Research Center， Graduate Sch~ol ~f Engineering， Osαka University， 2-1 
Yamadaoka， Suita， Osakα565-0871， Japan 

The formation of a low-resistance contact between 

carbon nanotubes (CNT) and metal electrodes is an important 

factor for establishing CNT electronic devices. In this study， 

we have investigated the current-induced improvement of 

contact reslstance. 

An individual double walled carbon nanotube (D¥¥弓H)

was suspended between a pair of Pt electrodes as shown in 

Fig.l. Current-voltage (1-V) characteristics were measured at 

temperatures from 4K to 295K with a limitation of the 

maximum applying current. At a low current limitation less 

than4μA， the two terminal resistance is almost constant 

around 4 M Q at room temperature. This resistance mainly 

comes from the contact resistance consisting of Schottky 

barrier and Ohmic resistance at the interfaces. At a low 

temperature， the Fowler-Nordeheim plot ofthe I-V 

characteristics well falls on a straight line in a high帽 electric

field region as shown in FigユThisimplies that the carriers 

mainly tunnel through the barrier with the height of 0.26 eV. 

Fig.l. (a) SEM image of a 
DWNT suspended between a 
pair of Pt electrodes 
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Fig.2. Fowler-Nordeheim plot 
of the I-V characteristics at low 
temperature 

However， the barrier height is lowered to 0.17 eV at the current limitation of 4μA. When the 

current 1imitation increases to 5μA， the contact resistance is improved to 2.7M Q at room 

temperature with the tunnel barrier of 0.16 e V. These resu1ts indicate that the moderate Joule 

heating at the interface lowers the barrier height， and further heating reduces the Ohmic 

resistance. The origin ofthis change seems to be the de-hydration and the crystallization of 

a-C at the interface by the Joule heating. 

[1] Y.Nakayama et al: New Joumal ofPhysics 5 (2003) 128.1-128.23 
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Synthesis and Structural Characterization of 

Lithium Intercalated Single-walled Carbon Nanotubes 

oYuki Iwai1， Shinji Kawasaki1
ラ
Yoshiyuki Hattori2

ラ
KunimitsuTakahashe 

lNagoya Institute ofTechnology， N.α'goya 466-8555， Japan 
2Chiba University， Chiba 263-8522， Japαn 

3Institute of Resωrch and Innovation， Kjαshiwα277-0861， Japan 

Single-walled carbon nanotubes (SWCNTs) have attracted much interest as an anode 
material of Li ion secondary battery due to their high reversible capacity [1]. However， since 
the Li ion insertion mechanism into SWCNTs is still not well understood， it is hard to 

design the optimized SWCNT anode. In order to elucidate the insertion mechanism， we have 
performed syntheses and structural analyses of Li-SWCNT compounds. The Li-SWCNT 

compounds were synthesized by solid phase reactions of mixtures of lithium azide and 
open-end or c1osed-end SWCNTs in an evacuated silica glass tube. Figs. 1 and 2 show the 

changes in XRD and Raman spectra as a function of x in LiCx (SWCNT)， respectively. As 
shown in Fig. 1， the G-band of LiCx (open-end SWCNT) showed firstly an upshift with 

increasing Li content up to LiC6 and then showed a downshift 丘omLiC6 to LiC3， while that of 
c1osed-end SWCNTs shifts monotonously toward higher wavenumber side with increasing Li 
content. The bundle structure of c1osed-end SWCNTs was degraded by doping a small content 

ofLi， in contrast， the Li intercalated open-end-SWCNTs maintain the bundle structure (Fig. 2). 
These experimental results indicate that the structure of lithium intercalated SWCNTs greatly 

depends on the tube-end structure. 
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Fig. 1 Observed Raman spectra of LiCx((a) 
close-end and (b) open-end SWCNTs). 

[1] S. Komiyama et al.， Tanso， 216， 25司 33(2005). 

Fig. 2 Observed XRD patt巴msof LiCx((a) 
close-end and (b) open-end SWCNTs). 
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Field emission microscopy of MWNTs deposited with aluminum 

oT. Matsukawa， K.Seko， H. Nakaharaラ andY. Saito 

Depαrtment 01 Quantum Eng・，NagoyaUniversiか~ Furo-cho， Nagoya 464-8603 

Field emission of electrons from a multiwall carbon nanotube (M¥¥明 T)with a closed 

end occurs preferentially from pentagons at the cap when the nanotube surface is clean [1]. 

It has also been shown that the electron emission is enhanced from the adsorbed molecules 

when residual gas molecules adsorbed on the surface [2]. In this work， effects of 

aluminum deposited on the surface of MWNTs were studied by field emission microscopy 

(FEM). 

MWNTs produced by arc discharge were attached to a tungsten hairpin by 

graphite-bond. The distance between a CNT emitter and a screen was ~30 mm. 

Aluminum was deposited onto an apex region of a CNT emitter by using a tungsten 

filament in the FEM chamber. The amount of aluminum deposited on the CNT cap was 

changed from ~ 1 nm to ~ 10 nm in terms of mean film thickness. The base pressure of 

the FEM chamber was ~5 x 10-10 Pa. 

Figures 1 shows FEM patterns from M¥¥明Tsbefore and after the aluminum 

deposition， respectively. Both patterns were taken at the same applied voltage of 2.6 kV 

Figure 2 shows stability of emission current corresponding to the FEM p剖ternsshown in 

Fig. 1. Flickering of spots in the FEM patterns decreased by the aluminum deposition 

(Fig. 1). And， fluctuations ofthe emission current reduced after the aluminum deposition， 

as shown in Fig. 2. The cause may be the stabilization of MWNTs-to圃 MWNTselectrical 

contact. 
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[1] Y. Saito， K. Hata and T. Murata: Jpn. 1. App1. Phys. 39， L271 (2000) 

[2] K. Hata， A. Takakura and Y. Saito: Surface Sci. 490， 296-300 (2001) 
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b・radiationDamage Specific to Rolled-Up Graphene Sheet 

o Satoru Suzuki， Yoshihiro Kobayashi 

NTTBasicRωωrch Laboratories， NTT Corporation， Atsugi， Kanagawa 243-0198 

CREST，JST 

Our previous studies have shown that low-energy (< <出resholdenergy of knock-on 

damage) elec仕onirradiation inevitably damages single-walled carbon nanotubes (SWNTs) 

[1]. The damage is also caused by VUV photon irradiation in ul仕ahigh vacuum. Here， we 

show that the curvature-induced strain energy plays a crucial role in the damage and that the 

damage is prominent in a rolled up graphene sheet， but not in a planar one. 

Figure 1 shows the radial breathing mode (RBM) region ofthe Raman spectra ofS¥¥明Ts

before and after white synchro仕onradiation light (hv<<l keV) irradiation at room 

tempera加re.Remarkably， after the irradiation， on1y the intensity of the lowest wavenumber 

peak at 195 cm-1 remains high， although all ofthe other peaks almost completely disappeared. 

This indicates由atamong the observed SWNTs， the largest diameter SWNTs have the 

highest tolerance against the irradiation damage. The irradiated SWNTs can recover企omthe

damage simply by annealing in Ar， indicating that， in contrast to knock-on damage and 

gas-radical-assisted damageラ thenumber of carbon atoms is preserved. Figure 2 shows 

photoluminescence (PL) spec仕aof SWNTs irradiated by 20-ke V electrons at 523 and 295 K. 

The diameter dependence of the damage is c1ear1y observed again. Moreover， the result 

indicates that the formation and healing of the defects are in competition at least at 523 K. 

Further experiments showed that the defects in SWNTs (d~ 1 nm) are healed even at room 

temperature or below. The s仕ongdiameter dependence of the damage is predominantly 

ascribed to the diameter dependence of the activation energy of healing. Our results show 

that the s仕ainenergy in sidewalls plays an essential role in stabilizing由edefects and that the 

damage is characteristic in thin nanotubes， but not in graphite. 
References: 
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First-Principle Study of Current Voltage Characteristics of 
Carbon N anotube Wire Functionalized with Hydrogen Atoms 

Yoshikazu Kobayashil)， Hiroyuki Fuenol)， Kazuyoshi Tanaka1)，2) 

1) Department 01 Molecular Engineering， Graduαte School 01 Engineering， Kyoto Universiのう

局10tO，615-8510， Japαn 

みCREST， .fIαrpan Science and Technology Agency (JS刀，Japan 

Carbon nanotubes (CNTs) have been attracting much attention for making molecular devicesラ

since CNTs are expected to give a high-speed transistor due to ballistic conduction. Recently， 

it has been suggested th剖 individualmetallic single-walled CNT (SWCNT) with tunneling 

barriers resulting from division into short sections can be used for the single-electron 

transistor (SET) [1] and th剖 SWCNT白nctionalizedwith hydrogen atoms on the side wall 

can be expected to be used for a quantum dot [2]. 

On this background， in the present study， we examined the CNT( 6，6) wire functionalized 

with hydrogen atoms (H-CNT) shown in Fig. 1 which modeles a nano-device with a quan旬m

dot inside . We ca1culated current-voltage (1-ηcharacteristics ofH-CNT model using 

TranSIESTA-C program package [3]. Fig. 2 shows the I-V characteristics ofH-CNT model. 

In the presentation， we will report the peaks in Fig. 2 indicated a resonant tunneling effect and 

related results. We conclude that H-CNT model is of interest for such a nano-device. 

20;Ldf f 二

;;三三一一足
V(V) 

Fig. 1 CNT(6，6) wire functionalized with Fig. 2 I-VCharacteristics ofH-CNT model. 

hydrogen atoms (H-CNT). 
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Covalent Attachment of a Protein Molecule to the Tip of Carbon N anotube 

OHiroyuki Maruyama1
， Se討iAkita1， Shige. H. Yoshimura2ラAtsukoNagataki

3
， Yoshikazu 

Nakayama1，3 

1 Department of Physics and Electronics， Osaka Pr，ψcture Universi帆 1-1Gakuen-cho， Sak，αi， 

Osαka 599-8531， Japan. 

2 Graduate School 01 Biostudies，めotoUniversiか65Yoshida-konoe-cho， Sa付o-ku，Kyoto， 

606-8315， Japan. 

3Handai Frontier Research Center， Graduate School ofEngineering， Osaka University， 2-1 

Yamadaoka， Suita， Osαka 565-0871， Japan 

We have investigated trapping of protein molecules on the tip of open-ended multiwall carbon 

nanotubes (MWNTs) in aqueous buffer solutions. The open-ended MWNTs were prepared by 

the oxidation of arc produced MWNTs in air at 7000C on a Si02 wafer(Fig.l(a)). Chemical 

reaction using carbodiimide (EDC) forms a chemical bond between an open陶.endtip of 

MWNT and a protein molecule， GroEL. After the chemical reaction(Fig.l (b ))， the products on 

the substrate were rinsed by pure water. The remained materials were characterized by atomic 

force microscopy. Since the size of the protein is lager than 

the tip diameter of open ended nanotubes， only one protein is 

expected to attach the open-ended tip. The AFM observation 

revealed that only one protein attached to the open-ended tip 

ofnanotube (Fig.l(c) arrow). It is noted that proteins attached 

to the un-oxidized nanotubes were hardly detected. This 

indicates that the proteins made a covalent bond to the 

open-ended tip of nanotubes and the binding energy between 

the protein and the nanotube tip is larger than that of the van 

der Waals interactions between the protein and the side wall 

of the nanotubes. 

Corresponding Author: Yoshikazu Nakayama 
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Response of Osteoblastic Cells Grown on a Carbon Nanotube Scaffold 

oNaofumi Aoki
1
， Atsuro Yokoyama1， Yoshinobu Nodasaka1， Tsukasa Akasaka 1 

Motohiro Uo 1， Yoshinori Sat02， Kazu戸lkiTohji2 and Fumio Watari1 

1 Graduate School of Dental Medicine， Hokk，αido University， Sapporo 060-8586， Japan 

2Graduate School ofEnvironmental Studies， Tohoku University， Sendai980-8579， Japan 

We have investigated carbon nanotubes (CNTs) for biomedical applications and found 

several unique properties. One of them is the applications of multi-walled (MW) and 

single-walled (S¥¥うCNTsas scaffolds for cell culture [1，2]. In this study， alkaline phosphatese 
activity (ALP) of osteoblastic cel1s was measured to evaluate osteogenic property in addition 
to the morphology， proliferation. 
Both number and size of cells on the CNT scaffold were larger than scaffolds without CNTs. 

Activity of ALP was higher on CNTs than scaff01ds without CNTs. Specially， the number of 
cells on SW was larger than on MW. The activity on SW was simi1ar to that on MW  at 3 daysラ

whi1e the activity on SW was higher than that on MW  at 7 days (Fig. 1). The results suggested 

that SWCNTs could be suitable for scaffolds for osteoblast. 

30 

c 口PC口MW口SW
吋ωe・)
0.. 

ol 
ε20 
、一、、。
C 。
..c 
0.. 

g 
c 10 
0.. 。
E 
ユ

O 

3d 7d 

Days 

Figure1 Alkaline phosphatese activity of cells on scaffolds 
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人工複合糖質高分子による Streptococcusmutansの発育阻害

0赤坂司、宇尾基弘、亘理丈夫

北大院歯

Inhibition of Streptococcus mutans growth by artificial glycol-polymer 
o Tsukasa Akasaka， Motohiro Uo， Fumio Watari 

Graduate School of Dental Medicine， Hokkaido University， Sapporo， Japan 

世界中で最も蔓延している疾患であるう蝕は、歯面上に形成されるバイオフィルム中の

ミュータンスレンサ球菌 (mutansstreptococci)により人体中で最も硬い組織である歯質が

不可逆的に侵される特具な細菌感染症である O 代表的原因菌である S.mutansは、スクロー

スや N-Acetyl-Galactosamineなどの糖質を発酵し、。

歯面への初期付着に関しては、ペリクルを形成している糖タンパク質糖鎖へのS.mutans 

由来レクチンとの相互作用や静電的、疎水的相互作用が付着機構として考えられている O

そこで本研究では、効率的な口腔内細菌付着阻害剤の開発を目的として、ナノ材料として

注目されているカーボンナノチューブとの相互作用を検討することとした。

はじめに口腔内細菌として Streptococcusmutans JC2を用いて、菌溶液に添加したカーボ

ンナノチューブによる沈降効果を検討した。カーボンナノチューブとしては多層カーボン

ナノチューブ(直径約 30nm MWNT(nano)および約 200nm MWNT(MTR)) と単層カーボン

ナノチューブ(SWNT)を任意量添加し、 2時間インキュベート後、上澄み液の光学密度

(OD700) を測定することにより遊離細菌数を算出した。その結果、 MWNT(Nano)および

SWNTは、コントロールに比較し大きな沈降効果を示した。これは、カーボンナノチュー

ブが凝集し沈降するとともに細菌を吸着する効果があるものと考えられる O また

MWNT(MTR)は凝集力が比較的弱いため遠心後も上澄み中へ一部が残存してしまい、正確

な値を求めることができなかった。

次に、菌の吸着状態を走査型電子顕微鏡(SEM)にて観察した結果、 SWNT凝集体内部へ

の取込みや表面への細菌の吸着が観察され、一部では菌表面での SWNTの轡曲も観察され

た。同様な形態は、直径約 60nm以下の M¥¥明 T(Nano)においても観察された。

以上の結果より、カーボンナノチューブは S.mutansを吸着し、一定の直径以下では柔軟

性を示しながら相互作用することが判明した。
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Development of a Gas Sensor 
by Using a Carbon Nanotube/Polymer Composite Material 

oTakeshi Kitamura 1， Takamichi Hirata 1， Masahiro Akiya 1， 
Rikizo Hatakeyama 2 

1 Department 01 Electronics and Communication， Musashi Institute 01 Technology 
2 Department 01 Electronic Engineering， Tohoku Universiか

Both single-walled and multi-walled carbon nanotubes (SWNTs and MWNTs) are 

interesting molecular wires that have unique electronic properties which have great potential 

to be used in future developments in solid-state nanoelectronics. From the viewpoint of 

applications to new nano-devices， we have been conducting research into the development of 

a nano gas sensor based on new functional carbon nanotubes. Hereラ wereport on the basic 

characteristics of a gas sensor based on carbon nanotubes (mainly SWNTs) and polymer 

composite material. 

The gas sensor based on composite material composed of polyethylene glycol 

(PEG)-grafted SWNTs (PEG-SWNTs) and the conductive polymer polyaniline (C12H14N4， 
M~5000) is spin-coated on a glass pl仰 (26mm x 46 mm) having four comb-like electrodes 

(dimensions: 11 mm x 18 mm， gap: 1 mm) shown in Fig.1. The electrodes of Au thin film is 

formed by the vacuum evaporation method using the comb-like mask pattem. PEG-SWNTs 

are synthesized by heat-treatment at 700C for 24 hr with stirring of a toluene solution that 

included Azo-PEG (macro azo initiators， Wako Pure Chemical Ind. Ltd.). The gas sensor is 
installed in a vacuum chamber and its impedance is measured using an impedance analyzer 

(HP: 4192A) and a digital multimeter 

(Advantest， TR6847). 

Figure 2 show the impedance司 ersus-time

characteristics for the cases of acetone， ethanol， 

and chloroform vapors. Under a vacuum， an 
increase in the impedance due to the desorption 

of gas molecules is observed. Therefore， the gas 
was introduced after a fixed time (30~60 min) 

had passed. It was found that the changes in the 

impedances as a function of time for acetone 

and ethanol were clearly different. In the case of 

chloroform the impedance is decreased with 

time. This is due to the presence of chlorine and 

indicates a reaction which is obviously different 

from those of the other two gases. Thus， we 

have demonstrated that this sensor is capable of 

detecting specific gases. 
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Development ofBio-Nano Sensor 
by Using Carbon Nanotube Compound Materials 

oTakamichi Hi削 a1， Daisuke AiJco 1， Masahiro Akiya 1， 
Osamu Takeiムラ TakafumiSakai ..J， Rikizo Hatakeyama守

21DqpvtmeF1I Q/ElectroF1icsmd COF71F71101icdion，liftnoshi Institute QfEchF101og 
Rational EvolutionaηDesign of Advanced Biomolecules (REDS) Group /Japan Science and 

T:echnology Agencyμs刀，Saitama Small Enterpr悦 PromotionCorporation 
-' Department of Regulation Biology， F aculty of Science， SaitamαUniversity 

年Departmentof Electronic Engineering， Tohoku Universiか

We are accomp1ishing the research on the deve10pment of bio-nanosensors using 
nanocarbon materia1s such as fullerene or carbon nanotubesラ withthe aim of investigating 
application of these new devices in the fie1d of biomedica1 engineering. Characteristic 
eva1uation of bio-nanosensors based on sing1e-walled carbon nanotubes (S\\市~Ts) is 
demonstrated by using biotin (vitamin B7) which binds in the pecu1iarity with avidin， a 
glycoprotein. The avidin-biotin system has become a universa1 too1 in many biotechno1ogica1 
applications such as the marker of a protein and a nuc1ear acid. 

The fabricated FET -chip uses back-gate type FET with an A1-Si e1ectrode as shown in Fig. 
l(a). A Si02 insu1ating 1ayer (thickness: 290 nm) formed on top of the n-type Si wafer by 
therma1 oxidation. The source-drain e1ectrode pattems fabricated by photo1ithography are 
made of Ti/A1-Si (50/200 nm)， and are composed of pad-type (gap: 1ラ 5，10， and 50μm， 
respective1y) and one stripe-type (gap: 10μm). The SWNTs network， which is dropped onto 
the between source-drain e1ectrodes in the FET -chip， are composed of the mixture of avidin 
modified SWNTs and po1yethy1ene glyco1 (PEG)-grafted S¥¥弓.JTs(PEG-SWNTs). In order to 
immobi1ization of avidinラpurifiedSWNTs gave oxidation processing to form carboxy1 radica1 
groups at the ends and sidewalls. Concrete1y， The carboxy1 radica1 modified SWNTs 
(COOH-SWNTs) are synthesized by oxidization treatment at 150 CO for 5 hr by su1furic acid 
with potassium permanganate. On the other hand， PEG-SWNTs are synthesized by 
heat-treatment ofto1uene solution inc1uding Azo-PEG (macro Azo initiators) at 70 CO for 24 
hr with stirring. The immobilization of avidin and COOH-SWNTs is used 1-Ethy1-
3-(3-dimethy1aminopropy1)carbodiimide， hydroch1oride and N-Hydroxysuccinimide. 
Figure l(b) and (c) are the impedance-versus-ti 
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To establish home medical-care facilities in places distant from hospitals， wearable 
biosensors-which are compact and simple and can perform measurements in 
real-time-must be developed. This system that provides home medical-care facilities in 
places distant from hospitals is termed “Personal Quality of Life (PQOL)." Protein sensing is 
the key technology required for the construction of the PQOL system. A single回 wallcarbon 
nanotube field-effect transistor (NT-FET) has potential for use as the above mentioned 
biosensor. 

NT-FET protein sensors detect species on the basis of an antigen-antibody reaction. 
Although this type protein sensors have been studied more than other type of sensors， 
antigens were immobilized directly on a carbon-nanotube channel， and antigens were sensed 
was by measuring the change of electron mobility in conventional studies. F or this type of 
NT-FET protein sensor， impurities (such as oxygen， water or damage caused by adsorbed 
photo resist on the carbon nanotl由es)degrade the electromobility or charge capacitance of the 
NT-FET. We investigated a top-gate NT-FET device in which the carbon nanotubes were 
covered by silicon nitride to avoid these contaminations. This NT-FET with top-gate structure 
achieved real-time and high-sensitivity sensing of proteins， that is， pig serum albumin (PSA). 
The sensitivity limit of this NT-FET protein sensor is at least 20 nmol/l of PSA solution. 
Depositing silicon nitrides to form the top-gate structure provides an n-type characteristic and 
highly stable CNT-FET， since the CNTs are isolated by oxygen， water， and other 
contammatlOns m mr. 

Corresponding Author: Katsuyuki Murata 
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The Raman Spectroscopic Study on the UV Irradiation of Polyyne 

Molecules in Solution 
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Dψαrtment of Chemistry， School of Science and Engineering， Kinki Universiかl
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Kobe Universiか3

Abstract: We developed a method for the size separation of polyyne molecules (C2nH2， 
n=4-8) by using high-performance liquid chromatography (HPLC). Having a mi11igram 
quantity of the size-separated sample， we performed non-resonant Raman， resonant Raman， 
surface-enhanced Raman spectroscopy (SERS) [1]， and IH and 13C NMR spectroscopy [2]. 

Recent1y， for the pu中oseof concentration and stabilization， the molecules of a specific size， 
i.e.， ClOH2， were treated with SWNTs and detected by the Raman spectroscopy. The molecules 
trapped in the SWNTs show remarkable stability against the heat well above 300

0 

C under the 

dry air condition [3]. In this report， we focus on the basic research on the spectroscopic 
characterization of the purified polyyne molecules in solution. 

The molecule， namely ClOH2， is known to absorb UV light below the wavelength of its 

electronic absorption band peaking at 252 nm (the dipole-allowed L-L transition among the 

Fπ*s). The laser excitation near the absorption edge strongly enhances the Raman scattering 
cross section by the resonance effect. Even for a dilute solution of the order of 10-'+ mo1l1， we 

observed Raman scattering signals. Figure 1 shows a typical Raman spectrum of ClOH2 in 

n-hexane at room temperature. The sample solution was irradiated by the UV laser pulses at 

262 nm (the frequency-doubled output of a nanosecond dye laser system). The scattered light 
was then collected in the direction 

normal to the incident laser beam. 

The peaks corresponding to the 
Raman shifts in 2000 -2200 cm-I are 

attributable to the normal mode 

企equencies of the collective C-C 

stretching motions. In addition to the 
prominent peak at 2123 cm-I， some 
weaker peaks are discemible. We 

compared the observed frequencies 

and relative intensities with the 

results ofthe DFT calculations. 
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Figure 1. Raman and UV absorption spectra of C1oH2 in 1トhexane.
References: 

[1] H. Tabata et al. Carbon submitted. [2] T. Doi et al. CPL submitted. [3] D. Nishide et al. CPL submitted. 
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Functionalization of Single-Walled Carbon Nanotubes by Bingel Reaction 

and Their Structural and Photophysical Properties 
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3Institute戸rChemical Research， め;otoUniversiか"Uji 611-011， Japan 
Graduate School 01 Science， Hokkaido Universiか~ Sapporo 060-0810， Japan 

The unique one-dimension structure and extraordinary optica1， e1ectrica1， therma1， and 
mechanica1 properties of sing1e-walled carbon nanotubes (SWNTs) have resulted in an 
outburst of scientific investigation aiming the app1ications in various mo1ecu1ar devices. In 
this contextラ preparationof SWNT composites and po1ymers requires debund1ing and 
solubi1ization of SWNTs， which in their pristine form are inso1ub1e in organic solvents. 
Cova1ent functionalization of SWNTs is one of promising approach to overcome this prob1em. 
However， cova1ent functionalization 1eads to severe damage on the nanotubes and 10ss of their 
e1ectronic properties. We report herein a SWNT doub1y functionalized at both tips and on 
sidewall with mu1tip1e a1ky1 and pheny1 substituents to give sufficient solubi1ity of the 
nanotube derivative in organic solvents (Scheme 1). Regarding the sidewall 
functionalization， we applied Binge1 reaction which is one of the most frequent1y emp10yed 
methodo10gy for the functionalization of白llerenes. Structure and physica1 properties of the 
SWNTs in each step were examined by using AFM， TEM， and TGA measurements， and 
UV-vis-NIR absorption and resonant Raman spectroscopies. Notab1y， e1ectronic properties of 
Bingel-NT are 1arge1y retained after the sidewall modification of NT -CONHR without 
apparent se1ective reactivity for metallic and semiconducting SWNTs (Figure 1). Thus， our 
approach is high1y promising for constructing mo1ecu1ar devices in which SWNTs modified 
with chromophores can be used without 10sing their intrinsic e1ectronic properties of SWNTs. 

Scheme 1. 

As-received HiPco 

選選選語頭
I 1. Heat-treatment (200 "C， 24 h) 

I 2. conc. HCI， sonication， 15 min 
NT・COOH ↓ 3.2.5 M HN03，陪刊UX，24 h 

HOOC-.{交交交交交交令長会合レCOOH
HOOC-i-長七公壬括性誌益七公手》トCOOH

t 1. SOCI2， 70 'C， 2 days 
NT-CONHR 2. CH3(CH2)17NH2， 120 oC， 5 days 

RHNOC-び主貨資資資受交交交安キCONHR
RHNOC-も込込よ公主益ょた延長る長トCONHR

ぴO~Oてい 12， DBU …T 01ムr
一円二円二円二「す=<τ二「τ二rτ二円-CONHR
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Figure 1. UV-vis-NIR absorption spectra of 
SDS-coated Bingel閉NTand NT-CONHR in D20 
(SWNT : SDS = 1 : 9 by weight). Both specむaare 
normalized at 400 nm for comparison. 
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The developments of carbon nanotubes (CNTs) for tissue engineering
1 

and 

regenerative medicine2 have attracted a great deal of attention. We have been investigated cell 

proliferation of osteoblasts (the bone-forming cells) cultured on multi-walled carbon 

nanotubes (MWCNTs) with different diameter in vitro study. Our recent studies employing in 
vitro and inνivo experiments showed their fine properties as scaffolds for cell culture.~-~ 

MWCNT scaffolds showed that the osteoblast grew well? Hereラ MWCNTscaffolds were 

formed on polycarbonate membranes by filtration. Cell proliferation and morphology were 

investigated by using a scanning electron microscopy and a enzyme-linked immunosorbent 

assay (ELISA) kit for detecting the transforming growth factor-beta 1 (TGF-sl). The effect of 

diameter on cell proliferation ofMWCNT scaffolds will be reported in detail. 

References: 
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2. M. Yamato and T. Okano， Materials Today 7， 42 (2004). 
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Carbon nanocoils have attracted much attention in 

the field of nanotechnology， such as a nano-spring， 

r閃eu伽 山m附po…la剖仰t旬e町r山

wave absorber， etcラ dueto their specula morphologies. 

The catalyst film of ITO/Fe [1] or Fe-In同 Sn-Ohas 

been successfully used for the synthesis of carbon 

nanocoils， so far. In this studyラ theeffectiveness of 

carboxy1ic acid metals as a precursor of the catalyst for 

nanocoils' growth has been investigated. 

Carboxylic acid metals with the mole ratio of 

Fe/ln/Sn =3/110.1 was dissolved into organic solvent. 

The Fe-In-Sn catalyst was formed by spin coating the 

solution on Si substrates and sintering at 450 oC. 

Carbon nanocoils are synthesized by the thermal CVD 

using acetylene as a reaction gas and He as a carrier gas 

at 700 oC. 

It is observed that catalyst particles are made on 

the subs仕ateafter heating at 700 oc， as shown in the 

inset of Fig.1. When the mole concentration of Fe is 

0.15 mol/l， catalyst particles are dispersed on the 

substrate with the size of 50 ~ 100 nm， as shown in 

Fig.1. Figure 2 shows a SEM image of the grown 

carbon nanocoils using the catalyst shown in Fig. 1. It is 

コc 
ω 
ω 
亡
f句百
止

O 
Particle size (nm) 

Fig.1 Distribution of catalyst-particle 
size on the substrate. Inset shows a 
SE民r[image of the particles. 

Fig.2 SEM image of the grown 
carbon nanocoils. 

found that carbon nanocoils are synthesized uniformly all over the substrate. The 1ine 

diameter of the grown nanocoils is ranged from 50 nm to 150 nm but the nanocoils with the 

line diameter of 50 ~ 100 nm are distributed most， which is consistent with the 

catalyst-particle size. The diameters of coils are several hundreds of nanometer. The average 

line diameter of the nanocoils can be controlled by adjusting the mole concentration of 

Fe/ln/Sn in the solution. The yield of the nanocoils is as high as those synthesized by using 

ITO/Fe. It is revealed that carboxylic acid metals are efficient as a precursor ofthe catalyst for 

nanocoil' s growth. 

[1] M. Zhang， Y. Nakayama and L. Pan， Jpn. J. Appl. Phys. 39 (2000) L1242. 
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In the past studies of making aluminum and carbon nanotube (CNT) composites for 

structural materials， CNT reacted with aluminum to produce an aluminum carbide because thi 

sintering process requires heating [1-3]. The aluminum carbide is fragile and thus， when 

tensile test is carried out， cracks are initiated in aluminum carbides and the composite is prone 

to be合印刷re[4]. 

In this study， aluminum and CNT composites are fabricated using a process of high 

pressure torsion (HPT) which does not require heating. Aluminum powders in 99.99% purity 

with an average powder size of 75μm were mixed with 5 vol% of single wall CNTs 

(SWCNTs) in ethanol while the solution in ultrasonic vibration. The solution was dried in air 

at room temperature. The dried mixture was then subjected to a process of HPT with an 

applied pressure of 2.5 GPa， where the mixture was inserted between the upper and lower 

anvils with depressions of 10 mm in diameter and 0.25 mm in depth on each anvil. While 

applying the pressure， the lower anvil was rotated for up to 30 tums with respect to the upper 

anvil with a rotation speed of 1叩m.Microstructure observations were undertaken using 

scanning electron microscopy and transmission electron microscopy (TEM). Vickers 

microhardness was measured across the diameter of the sample. It is shown that the hardness 

of the sample containing SWCNTs is twice as high as the sample without SWCNTs. TEM 

observation revealed that the SWCNTs are uniformly dispersed in the aluminum matrix and 

the grain size is smaller for the sample with SWCNTs than the sample without SWCNTs. 

This work was supported by Carbon Nanon枇 supportproject of Sumitomo 

Corporation and The 21 st Century Center Of Excellence Program. 
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Carbon nanocoil， which is helical carbon fiber with sub micron diameter， can be 
synthesized by catalytic CVD with substrate. In conventional CVD system， productivity was 
very lowラ dueto long heating and cooling procedure every time. Thus the new substrate-CVD 

system was developed in order to obtain higher productivity. In the new systemラ 8substrates 

with catalyst were automatically handled one after another企omsubstrate cassette， reaction 

chamber， to collection pot by using robot arms， con仕olledby a sequencer according to the 

process condition inputting 丘omtouch panel， under keeping the fumace temperature. The 

result showed the new system could produce CNC more than 10 g in 180 minute. 

This work has been partly supported by the Excellent Research Project of the Research 

Center for Future Technology from Toyohashi University of Technology， the 21st Century 

COE Program "Intelligent Human Sensing"仕omthe Ministry of Education， Culture， Sports， 

Science and Technology， and JSPS Core University Program. 

Fig. 1 The appearance of a device Fig. 2 Photogragh ofCNC by one cycie 

References: B. Chen， Y. Fujimura， H.Takikawa， Y. Hibi， T.Sakakibara， S.Iωh: Trans. Mater. Res. Soc. Jpn.， 29， 
559 (2004) 
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It is informed th剖 muchamount of C60 + ions， [1] onion-like carbon clusters， [2] and many 
kinds of carbon compounds exit in our solar system. These clusters are produced by the 

special reaction of carbon particles ejected from carbon stars. And， carbon compounds tend 
to be ejected from asteroids for long years. The explosion， collision， optical reaction would 
take place and stable carbons survive. 

In order to simulate the production of carbon clusters in space， the rail-gun experiment has 
been carried out. [3] A carbon bullet is accelerated in vacuum by the rail gun and it 

collides the solid target， by which the carbon atoms are explored， heated and cause molecular 
reaction. After diffusion and cooling process， the produced carbon sample deposits on an 
inner-wall of the reaction chamber. Previouslyラ fromthis experiment， C60， higher 
fullerenes and metallo-fullerenes are successfully produced 合oma poly-carbonate bullet. [3] 

Here， in order to modify the reaction condition， the collision-sublimation experiment in 
atmospheric helium gas is carried out. The target camber is shown in Fig. 1. 

When a poly-carbonate bullet with carbon powder hits a metal target， onion-like 
fullerenes (with diameter of about 20 nm) have been produced for the日rsttime， which is 
confirmed by a TEM observation as shown in Fig 2. When a poly-carbonate bullet with 
carbon powder hits liquid-propanol in a cupper bottle set in front of the metal target， carbon 
capsules (with diameter of about 40 nm) have been produced. This sample shows Raman 
peaks of same new carbon-compounds. 
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Fig. 1: Schematic of a cylindrical pressure 

chamber， where a bullet comes in， 

breaking the thin film and hit the target-

plate. 

(right side) in the sample (x 80000). 

Fig. 2: A TEM image of onion-fullerenes 
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A sing1e carbon fullerene attract much interest for a fundamenta1 science and 
nanotechno10gy in mo1ecu1ar devices [1]. For such purposes， it is important to contro1 and 
manipu1ate a sing1e carbon fullerene to make a mo1ecu1ar戸 rinkwith the e1ectrodes for the 
study of conductance behavior. Many attractive methods have been proposed for the synthesis 

of carbon fullerenes [2]. However， rather 1ess attention has been paid for the synthesis of a 
sing1e carbon fullerene and the contro1 technique ofthe fullerene size for device geometry. 

In this study， we exp10ited a new method to make a sing1e carbon fullerene by using a 
scanning tunne1ing microscope (STM) tip， the synthesis process was observed by an UHV 
(ultra-high vacuum) transmission e1ectron microscope (TEM-STM). A nanogap of about lnm 
distance was made between two gold electrodes (one at the substrate and the other at the tip 
position of the STM) inside the electron microscope. A single carbon白llerenewas 
synthesized from amorphous carbon at the gold e1ectrode. We found that amorphous carbon 
which was sandwiched between two electrodes transformed into a sing1e carbon fullerene by 
f10wing the high current and/or voltage (more than ~0.5V， ~100μA).Furthermore 

approach-retraction procedure ofthe tip changed the size ofthis carbon白llerene.
Fig 1 (a) shows a sing1e carbon fullerene made between the two gold e1ectrodes. The 

diameter of 1.4 + O.lnm suggests an icosahedral fullerene， C240・Afterthe repeat of being 
pinched of this sing1e carbon fullerene changed the size of a carbon fullerene 
(Figl(b)，(c)).The f10wing the current and pinching the白l1erenewhi1e applying high bias 
voltage caused decrement ofthe diameter. 1.2 +O.lnm (in (b)) and 1.0土O.lnm(in (c)). 

Fig1. Transmission e1ectron microscope (TEM) images of a sing1e carbon fullerene on gold 
e1ectrode. Note the change of the sing1e fullerene size and mo1ecu1e transport from one to the 
other side ofthe electrode， whi1e approach -pinching-retraction ofthe tip. 

[1] H.Park et.a1 Nature 407(2000)57， J.Tay1or et a1 Phys Rev B 63 (2001)121104 
[2] H.W.Kroto， R.E.Smalley Nature 318 (1985)162， W.Kratschmer， D.R.Huffman Nature 347 (1990)354 
[3] A.Hashimoto，S.Iijima et a1 Nature 430 (2004)870 
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Light Emitting and Liquid Crystalline Functions 

of Functionalized Fullerenes 

OYutaka Matsuo and Eiichi Nakamura 

Nakamura Functional Carbon Cluster Project， ERATO， JST and Department 01 Chemistry， 

The Universiη01おか0，Hongo， Bunkyo・ku，あわ10113幽 0033，Japan

Organic and inorganic functionalization of fullerenes has attracted much interest in 

the area of chemistry and physics， because one can obtain useful materials by utilizing rich 

properties of both functional groups and fullerenes. A further interesting point to note is that 
successful molecular design of such functionalized fullerenes can provide novel functions that 

are unavailable from individual functional groups or fullerenes. 
Fullerenes have been shown to be weakly fluorescent (C60:φ= 0.00032). We found 

that selective ten-fold functionalization onto the 60Jt-spherical conjugation of [60]fullerene 

creates an novel cyclic Jt-electron conjugated system， [lO]cyclophenacene， and that it shows 
strong fluorescence (φ= 0.29)[1]. Such high quantum yield suggests their applicability in 
electroluminescent devices. Next， we synthesized di-metal [60]fullerene complexes 

"double-decker buckyferrocene" which have two ferrocene moieties embedded on the top and 

bottom of [1O]cyclophenacene[2]. These compounds may offer new opportunities in the 
molecular-level electronics. 

Fullerene-containing liquid crystals are promising electro/photo active soft materials. 
However， taking into account the size and shape of the C60 unit， the elaboration of liquid 
cηstalline fullerene derivatives have represented a conceptual and synthetic challenge. We 

synthesized shuttlecock-shaped fullerene liquid crystalline molecules， in which the C60 unit 
does not disturb liquid crystalline properties[3，4]. Installation of metal atoms into the 
shuttlecock molecules afforded novel mixed ferrocene-fullerene liquid crystals. 

Donor/acceptor characters and supramolecular columnar structure of these liquid crystals 

represents an important step towards the development of solar energy conversion devices. 
We successfully drew out some intrinsic value in fullerenes by the functionalization 

of fullerenes. We expect this study enhances the possibilities for the application of fullerenes. 
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[iO]Cyclophenacene Double-Decker Buckyferrocene Shuttlecock Molecule 
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Synthesis， Characterization， and 1，6・・・AsymmetricInduction of Chiral Ruthenium 

Allenylidene Complexes Bearing a Fullerene Cyclopentadienyl Ligand 

OYu-Wu Zhong， Yutaka Matsuoラ andEiichi N akamura 

Nakamura Functional Carbon Cluster Prの~ect， ERATO， Japan Science αnd Technology 

Agency (JST)， The University ofToか0，Hongo， Bunkyo-ku， Tokyo 113-0033， Japan 

Following our recent study on the 1，3-and 1，4-chirality transfer by the use of 

a fullerene cyclopendadienyl ligand，l we report herein the preparation of ruthenium 

allenylidende complexes 2 -6 and the 1かasymmetricinduction in the nucleophilic 

addition to these allenylidenes (Scheme 1). These complexes enjoy rich chemical and 

are moieties， which and allenylidene fullerene 仕omboth the physical properties 

evidenced from the broad and intense absorption in their UV-Vis-NIR spectra (Fi思lre1) 

and the reversible multi-redox behavior in the cyclic voltammogram (Figure 2). 
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Bilayer membrane made of 

phospholipid is the fundamental 

structure in biology in that the 

membrane physically holds the 

biological machinery while keeping 

permeability to water at ambient 

temperature. Permeability of the 

membrane to water has therefore 

drawn much interest of scientists in 

various fields. 

In the present study， we found that a bilayer vesic1e made of membrane 
amphiphilic fullerene (PhFCp¥1)1 has extremely low permeability to water. The fullerene 
bilayer recorded permeability coefficient of 2.48 x 10-8 

m/s (20 OC) which was 

1 ，000ラ000~1 ，000 times smaller than common lipid bilayers. More interestingly， we found that 

the permeability coefficient decreased on warming and recorded the highest value of 1.24 x 

10-
8 

m/s at 70 oC (Fig. 2). Thermodynamic analysis of the temperature-dependent 

permeability showed that the fullerene membrane acts as an entropy barrier to water 

permeation， which suggested a unique mechanism for the water permeation. 

Ph 

k今

Fig 1. Bilayer vesicle made of amphiphlic fullrene (1) 
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Photochemical Reaction of C60 with Sulfilimines 
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In the chemistry of fullerene， the functionalization of fullerenes is one of the most 
interesting themes regarding to the development of the new material with the unique 
propertIes. 

The aziridinofullerene， including an aza-bridged struc旬re，is such an example of the 
modified fullerenes， which is obtained by the thermal and photochemical reaction of C60 
with azides [1]. This method， however， affords two isomers with the different addition 
sites. To improve the regioselectivity in the addition， we carried out the generation of a 
nitrene by a photochemical cleavage ofthe S-N linkage in sulfilimine derivatives (1a-c). 
We found that the nitrene was trapped by C60 in a highly regioselective manner. The 

structure of the nitrene adduct (2a) was confirmed by the spectroscopic and X-ray 
crystallographic analysis. 
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Application of C60 as the photochemical probe 

OKensaku Takahashi， Tsukasa Nakahodo#， Takahiro Tsuchiya， 

Takatsugu Wakahara， and Takeshi Akasaka牢

Center for Tsukuba Advαnced Research Alliance， University of 

Tsukub~ Tsukub~Ibaraki305-857ス Jαrpan

Benzothiet (1)， one of the heterocyc1ic organosulfur compounds has been known to 
generate o-thioquinonemethide (2) in a thermal heterocyc1ic ring opening process， which is a 
reactive diene-type intermediate. Ohno et. al. reported that diene 2 generated from 
thermolysis of 1 reacts with C60 to afford the corresponding 1: 1 adduct (3)1. Although， it has 
been suggested that 6H，12Hdibenzo[bJ]-1，5-dithiocin (4) is formed by the dimerization of2 
in a thermal manner2

ラ
ithas not been c1arified so far whether 2 can be generated from 4， 

photochemically. In this context， we have carried out the photolysis of 4 in the presence of 
C60 and found that 3 was obtained as a major product. The structure ofthe adduct 3 was 
confirmed by the spectroscopic analysis. The redox properties of 3 and its oxidized 
derivatives were also investigated. 
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C60 as a Chemical Probe: Photolysis of Diazirine with C60 
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Photolysis of diazirine has been widely used to produce carbene. It has been reported 
that these reactions also yield a diazo compound as an intramolecular rearrangement product 

and the olefins coming through the rearrangement in the exited state (RIES) of diazirine. To 

know the photolytic pathway of diazirine is important for its chemical usage. Recently， we 

reported the use of C60 as a probe to distinguish carbene/diazo partition in the photolysis of 

diazirine [1]. C60 reacts with diazo compound to yield fulleroid and with carbene to 

methano白llerene.

Photolysis of benzylchlorodiazirine has been studied by mainly spectroscopic 

methods so far， but its decomposition process has not been clear yet. We carried out the 

photolysis of benzylchlorodiazirine in the presence of C60， and found formation of 

methanofullerene and olefins. These suggest that the photolysis of benzy1chlorodiazirine 
proceeds via pathways of carbene formation and RIES rearrangement. 

CL N 

Ph〉c¥ll+

Reference 

hv 
C 一一→60 + 

methanofullerene 

P:ベ+:ベl
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Chemical functionalization of C60 with diazirine 
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Studies on biological activity of organofullerenes are interesting because of several 

fundamental properties offullerenes: photoactivity， ability to accept and release electrons， and 
relatively high reactivity that allows structural modifications. It is very important to attach the 
hydrophilic appendants to fullerenesラ becauseit helps solubilization to physiological media.1

，2 

Meanwhile， many bio-functionalized 3-trifluoromethyl-3-phenyldiazirine derivatives are 

synthesized and used as a photo affinity probe. These diazirines show favorable 
photochemical properties in addition to excellent chemical stabilities.3

，4 In this contextラ the

reaction of fullerene with these diazirines may promise a versatile approach to many 
bio-functionalized ful1erenes. 
Herein， we report the synthesis and characterization of trifluoromethylphenyl carbene 

derivative [1]. The structure was determined by massラ absorptionand NMR spectroscopic 

analyses. The redox properties of [1] were also investigated by cyclic and differential pulse 
voltammogram measurements. 

+ hv 

C60 
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Novel Aziridination of C60 Using N・Haloamides
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Functionalization of C60 is expected to induce fascinating chemical and/or physical 

properties. The development of a facile and efficient method for introduction of a nitrogen 

atom to C60 would not only be a significant subject but also directly connected to efficient 

synthesis of an aza白llerene. Although the thermal reaction of organic azides with C60 
provides azafulleroids and aziridinofullerenes[l)ラ themethod requires high temperature and 

explosive reagents， in addition， an aziridino白llerenewere yielded as a minor product under 

the conditions. From these points of view， we will report on novel and practical synthesis of 

aziridinofullerenes by the reaction of C60 with N・.haloamides. For exampleラ thereaction of 

C60 with chloramine-T in the presence of phase-transfer catalyst gave the corresponding 

aziridinofullerene in high yield. Based on the method， other readily available amides were 
found to function as nitrogen sources for the Aziridination. When C60 was treated with 
N-chlorinated amides prepared by the reaction of amides and t-BuOCl， in the presence of a 

base， a variety of aziridinofullerenes were readily obtained. 
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Nitrofullerene Intermediate 
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The effective methods for the surface modification of fullerene are necessary to develop next 

generation fullerene materials. However， the reaction of fullerene is quite limited because of 

its poor solubility in solvents. In this report we wish to demonstrate the effective methods to 

prepare various fullerene derivatives via nitrofullerene intermediate， which was synthesized 

by the heterogeneous reaction by using aq. HN03 (fuming) and fullerene. 
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The heterogeneous mixture of aq. HN03 (白ming)and fullerene was stirred for 3 hours at 

room temperature to give dark orange solution; the N02 radical dissolved in aq. HN03 

(負lming)directly reacted with fullerene to give the nitrofullerene. After dilution with water 

the product was extracted with AcOEt and the obtained白llerenederivatives were purified by 

using silica gel column. The structure was determined by 13C NMR and IR as a mixture of 

te仕a-and hexanitrofullerene， which was reported by Chiang et. a1.1
) Since the above reaction 

was carried out under heterogeneous conditions at room temperature and no organic solvent 

was applied， it could be applied for large-scale synthesis ofvarious fullerene derivatives. For 

example， OH， SHラ andNH2 groups were introduced by further substitution reactions to give 

the corresponding water-soluble fullerene derivatives. PEGylated fullerene was synthesized as 

well for the pu叩oseof drug delivery. 
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Control of the Motion of Encapsulated Atoms Inside Fullerene Cage 
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Among many kinds of metallofullerenes， M2@C80 has attracted special attention for the 

dynamics of the encapsulated metal atoms because of their three山 dimensionalrandom 

motion.1 Control of motion of atoms within a cage is expected to be very valuable in 

designing functional molecular devices with new electronic or magnetic properties. 

Herein we report the synthesis and full characterization of silylated La2@C80 (1)，2 Ce2@C80 

(2)，3 and Prato adducts ofLa2@C80 (3).4 In the case of 1 and 3， 139La NMR study clarified the 

dynamic behavior of the La atoms. In the case of 2， paramagnetic NMR shi立 analysis
5

originating from the Ce atoms gave the information about the rotational position of the Ce 

atoms. These data reveal that the dynamic motion of the La and Ce atoms encapsulated inside 

the白llerenecage can be controllable by outside functionalization of the cage. 

sp〆

、、Two-dimension

M2@C80 (M = La & Ce) 

"Three-dimensi。

ヌ::;iJ-

、、Freeze

References: (1) Akasaka， T. et al. Angew. Chem.， Int. Ed. Engl. 1997， 36， 1643. (2) Yamada， M. et al. to be 
submitted. (3) Yamada， M. et al. J Am. Chem. Soc. 2005， 127， 14570. (4) Yamada， M. et al. J Am. Chem. Soc. 
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Ce@C82 has the arbon cage (C2v) and the formed electric structure (Ce
3+C8l-) simi1ar to 

those of La@C82・Thedifference between them is that Ce@C82 inc1udes the metal having f 
elec仕on.It is interesting to know the reactivity of Ce@C82 and the properties of its derivatives. 

Herein， we report the derivatization of Ce@C82 with adamantandiazirine. 

Ce@C82 was functionalized in the similar way used for La@C82 reported previously 
[1之].Major isomer (Ce@C82Ad-A) and minor isomer (Ce@C82Ad-B) were isolated from the 

reaction mixture by HPLC with a Buckyprep Column (Figure 1). Cyc1ic and differential pulse 
voltammograms reveal their characteristic redox potentials. Bulk controlled-potential 

elec仕olysisof Ce@C82Ad was used to prepare their anions. The cage symmetries of 

Ce@C82Ad-A and B have been verified as C] and Cs， respectively， by measuring the 13C 
NMR spectra of their anions. The 13C NMR spectrum of [Ce@C82Ad-B]一c1earlyshows the 

temperature-dependent shifts caused by the f electron remaining on the Ce atom. 

①+gj~@令:
Ce@C82 Ce@CdAd) 

o 10 

C昏@Csz(Ad)艦B

↓ 

劫

Ce@Cs2(Ad) 

retfa惨附柳fti附e/min

irradiation 
time 
6sec 

ヂ 3sec
o sec 

41d 

Figure 1. HPLC profiles of reaction mixture. Conditions: columnラ

Buckyprep ct 4.6 x 250 mm; eluent， toluene 1.0 mL/min. 

[1] Y， Maeda. et al. J. Am. Chem. Soc. 2004， 126， 6858-6859. 

[2] Y， Matsunaga. et al. ITE Lett. 2006， 7，43-49. 
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The sarnp1es were prepared by vacuurn sublirnation of 

LU2@C76・ All the sarnp1e preparation and STM 
rneasurernents were perforrned in an UHV condition. Figure 

1 shows the STM irnages of an individua1 LU2@C76 rno1ecu1e <' 

directly absorbed on Si(111) 7x7 surface at roorn ternperature ~ 0 

together with DFT calcu1ations (B3LYP/6-31G(d)) for the 今

10ca1 density-of-state of C76
6-. Distinct intrarno1ecu1ar -L 

structures are observed (aラ b)，indicating the absence of free .4 

rotation sirni1ar to other fullerene cases[3]. The observed 

intema1 irnages and the corresponding DFT ca1cu1ations( c， d) 
agree well with each other. 

Figure 2 shows scanning tunneling spectroscopy (STS) 

spectra for a rnulti1ayer of LU2@C76 on Au( 111) and on a 

bare Au(111) surface for a reference. The HOMO-LUMO 

gap of the LU2@C76 was eva1uated to be 0.8 eY. This is 
consistent with the DFT calcu1ations (0.84 eV) and a1so is c10se to the va1ue estirnated frorn 
UV-Vis-NIR spectrurn of LU2@C76/CS2 solution (0.69 eV)[l]. These results strong1y suggest 

that LU2@C76 has Td-C76
6-cage， i.e. 6 e1ectrons are transferred frorn Lu atorns to the cage. 

In the present study， we found that LU2@C76 has 
Td-syrnrnetry[l]， though the ernpty-C76 has been reported 
as having D2 syrnrnetry[2]. These differences can be 

interpreted as due to a charge transfer frorn the encaged Lu 

atorns to the carbon cage， which increases significant1y the 
stabi1ity of the Td-C76 cage. A cornbination of scanning 

tunneling rnicroscopy (STM) and theoretica1 calcu1ations 
IS a power白1too1 for obtaining structura1 and e1ectronic 

inforrnation on白llerenesand rnetallofullerenes[3]. To 
deterrnine the arnount of the charge transfer and a1so to 

confirrn the syrnrnetry of the fullerene， we have 

investigated LU2@C76 rnetallofullerenes by STM with 
DFT calcu1ations. 

(a) (c) 
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Figure 1: UHV-STM images 
(1.5x1.5 nm) of LU2@C76 mo1ecu1e 
observed at (a)に=十1.5V， and 
(b)九-1.5V. DFT calcu1ations 
(B3LYP/6・31G(d)) for C76り:
(c)LUMO+3， and (d)HOMO-3. 
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Figure 2: STS spectra of a LU2@C76 
multi1ayer on Au( 111) and 
reference at room temperature. The 
LU2@C76 spectrum shows the 
HOMO・LU恥10gap ofO.8 ev. 

[1] H. Umemoto et al.， J. Am. Chem. Soc.. submitted. 

[2] R. Ett1 et al.， Nature， 353， 149 (1991). 
[3] A. Taninaka et al.， Jpn. J. Appl. Phys.， 44， 3226 (2005). 
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Lanthanide metallofullerenes might exhibit f1uorescence from encapsulated metal atom(s). 
These may provide a potential application to organic f1uorescence materials. Recently， we 
found that (Er2C2)@CS2， an di-Er-metal-carbide fullereneラ exhibitsmuch more enhanced 
photoluminescence (PL) than that of Er2@CS2， a pure di-Er metallofullerene[2]. In this s旬dy，
we measured the optical properties of these metallofullerenes and discuss the role played by a 
C2 radical existing between the two Er atoms for the enhanced PL. 
Figure 1 shows the emission spec仕aof Er2@CsrC3v(8) and (Er2C2)@CS2-C3v(8) in 

bisphenol-A polycarbonate thin films at 3~5 ~[3]. w.e have obtained fine spectra whose origin 
ismelectron transition of4forbiul ofEr:4I133→4115/b though the emission spectm at room 
temperature are broad. These spec仕aare very similar with each other. The presence of the C2 
radical does not affect so much for the 
observed spectral features. This is also 
indicated by the corresponding emlsslOn 
lifetimes and X-ray absorption spectra 
between Er2@CS2-C3v(8) and (Er2C2)@CS2 
-C3v(8). 

Emission lifetimes of Er2@CS2-C3v(8) 
and (Er2C2)@CS2-C3vC8) ぽ e0.47μsec 
and 0.48μsec， respectively. This result 
indicates that encapsulated C2 radical does 
not affect the relaxation lifetime of the Er 
atoms. X-ray absorption spec仕a of 
Er2@CS2四 C3v(8)， (Er2C2)@CS2-C3v(8) and 
Er203 are also similar， suggesting that the 
oxidation state of Er atoms in these 
metalloful1erenes are the same (3+) and th剖
the C2 radical is in a neutral state. The 
transient absorption measurement of these 
metallofullerenres is now in progress. 
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Figure 1 Emission Spectra of Er2@CS2-C3v(8) 
and (Er2C2)@CS2-C3vC8) at 3.5 K. 

Reference 
[1] T. Inoue et al.， よPhys.Chem. B 108(23)， 7573 (2004). 
[2] Y. Ito et al.， 2rJh Fuilerene-Nanotube ， General砂mposium，1P・40(2005). 
[3] V. K. Koltover et al.， Phys. ofthe Solid State， 44(3)，506 (2002). 
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Structural studies have been a main issue on metalloful1erenes， where NMR and X-ray 

diffraction have played important roles to clarify their unique structures and properties. 

These methods， however， require large amount of isolated samplesラ whichprevent us 

from systematic studies and from discovery of new structures. In the previous work， we 

have measured an ion mobility of Sc metallofullerenes and have clarified universality of 

the carbide structures [1]. The measurement system， however， utilizes continuous ion 

detection with quadrupole mass filter， which limits the mass and mobility resolution and 

demands the large pumping system. To overcome these difficultiesラherewe developed a 

new high-resolution mobility measurement system with a pulsed ion detection system. 

The new system consists 

of a laser vaporization ion 

source， a drift tubeラ anlOn 

pulse valve (IPV)， and a 

time of flight mass 

spectrometer (TOF) (Fig. 

1). Fullerene ions from 

the ion source were 

introduced to the drift tube 

filled with He at 3 atm. 

lon Source 

Sample Holder 
γ 

lon Pulse Valve 

Accelerator GI 

MCP 

TOF 

Fig. 1 Schematic diagram of apparatus 

The pressure was much higher than 1 atm of the conventional system expecting twice as 

higher mobility resolution [1]. The ions passing the drift tube exit through IPV and were 

detected by the TOFラ wherethe mobility and the mass of the ions were simultaneously 

determined. IPV connects the high pressure dri白tubeand the high vacuum TOF with 

pulse mode， so that the new system vacuum pump (1200 l/s) is much smaller than the 

conventional ones (10，000 l/s) making it a handy and low cost system. 

Now we are applying the system for metallofullerenes and exploring new structures. 

References: 

[1] T. Sugai et a1.， J. Am. Chem. Soc. 123， 6427 (2001). 
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Carrier (electron/hole) injection from a scanning tunneling microscope (STM) tip into a 

close-packed layer of C60 induces the removallmovement [1] and polymerization [2] of C60 

molecules. While the removal and movement are possible to be performed at single molecular 

scale， the polymerization is hard to be achieved at that precision. This is regarded as a 

consequence of the spatial spread of injected carriers. We previously reported that carrier 
injection into a close-packed multilayer of C60 induced polymerization with a ring-shaped 

distribution， and the polymer ring was enlarged by subsequent carrier injections [3]. In this 
study， we discuss about possible mechanisms for the ring formation， and propose a probable 

mechanism that the propagating carrier themselves produce the polymer ring. 

Figure A shows a polymer pattem formed by hole injection at -3.3 V into the marked 
point. The scale bar is 10 nm. It should be noted that polymers are absent around the carrier 
injection point; a polymer ring is formed. Because the polymer ring is disappeared when we 

simply heat the sampleラ thermalfield by the J oule heat generated by a tunneling current may 
induce depolymerization around the carrier injection point and produce a ring-shaped pattem. 

If it is the caseラ thethermal field should be unchanged for the carrier injection剖 thesame 

condition. However.ラ白rtherinjection of holes at the same bias voltage produced polymers 
around the center of the ring as shown in Fig. B. This implies that the ring formation does not 
originate from the induced thermal field. Here， we propose a probable mechanism that 

energies necessary for polymerizationラEp，and depolymerization， Edラ aresupplied by injected 
carriers. Carriers with higher energies than Ep (Ed) can induce polymerization 
(depolymerization)， and consequently the ring structure is formed as schematically shown in 
Fig. C. The proposed mechanism can well explain dependencies of ring diameters on the 

sample bias voltage and a type of injected carriers. 

[1] S. F吋ikiet al.: Chem. Phys. Lett. 420， 82 (2006) 

Distance from 
the injection point 

[2] Y. Nakamura， F. Kagawa， K. Kasai， Y. Mera and K. Maeda: Appl. Phys. Lett. 85， 5242 (2004). 

[3] R. Nouchi et al.: The 30th Fullerene-Nanotubes General Symposium， 2-14 (2006). 

Corresponding Author: Ryo Nouchi 

TEL: +81-86-251・7850，FAX:十81-86-251・7853，E-mail: 盆E針金控室盟主二u.aニ112

-132 -



2P-18 

Fabrication of high-performance fullerene field-effect transistor devices 

and development to integrated circuits 

OTakayuki Nagano， Yoshihiro Kubozono， Kenji Ochi 

Graduate School 01 Natural Science and Technology， Okayama Universi帆 Okayαma

700-8530， Japan， and JST-CREST， Kawaguchi 322-0012， Japan 

Field-effect transistor (FET) devices with thin films of organic molecules have attracted 
special attention for applications in f1exible displays， smart cards， and radio-企equency
identification tags. Especiallyラ investigationand development of the n-channel organic FET 
devices are indispensable for progress of practical organic electronics. The FET devices with 
thin films of C60 showed n-channel normally-off FET properties with the highest field-effect 
mobilityラ μ，value of 0.56 -0.65 cm2 V-1 

S-l [1ラ2].However， the μvalues are still lower than 
those ofthe p-channel FET devices (e.g. 1.5 cm2 V-1 

S-l in pentacene thin-film FET) [3]. 
Recently， it was found that the FET operation 

can be controlled by changing work function， o， 
of source/drain electrodes in the organic single 

crystal FETs and the thin-film FETs [4-7]. In this ~ 1000 
study， we have succeeded in changing the output d 
properties of C60 FET devices by use of metal .....p 500 
electrodes with the o value of 2.5 -5.65 eV The 
C60 FET device with Eu source/drain electrodes 
(ゆ=2.5 eV) showed n-channel normally-on FET 
properties (Fig. 1). The values ofμand threshold 
voltage VT were determined to be 0.50 cm2 V-1 Fig. 1.んらsplots for C60 FET device with Eu 

S-l and 34 V， respectively. No energy barrier for 

electron exists between Eu electrodes and lowest 
unoccupied molecular orbital (LUMO) of C60 because the Fermi energy EF of Eu is higher 
than the energy level of LUMO EWMo・Therefore，it has been concluded that high carrier 
injection from Eu electrode to LUMO causes the normally-on FET property. We have tried to 
reduce the off current by a doping of electron acceptor F4TCNQ. The electron acceptor should 

disappear excess electrons injected from the source electrode without energy barrierラ leading
to the high-performance FET devices with high μand on-off ratio. Furthermore， in the 
symposium， 1 will report complementary ring oscillator fabricated with C60 and pentacene 
FETs aiming at the development to integrated circuits. 
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Since the polymerization of C60 films was carried out by a phototransformation first， the 

possibility of a three-dimensional (3D) polymerized phase has been discussed. The purposes 

of this work are to develop a novel photon-assisted process for C60 polymerization and to 

synthesize 3D C60 polymers by free electron laser (FEL) irradiation. We have also noticed a 

“hole doping effectぺdemonstratedin the synthesis of a diamond from a graphite. 

FEL system we used generates a tunable near-infrared laser and the higher harmonics with 

a few tens microsecond macro-pulse including few hundreds pico-second micro-pulses. The 

power of the fundamental macro-pulse was 0.5 mJ/pulse with the repetition rate of 2Hz. The 

irradiation time was 120 min-180 min. The irradiated laser was the third harmonics 450 nm 

of the fundamental wavelength 1350 nm and ultraviolet laserラ 345nm， was also taken out as 

the fifth harmonics of 1700 nm. The irradiations through a quartz BK7 window were carried 

out under the pressure of 470 MPa in a vacuum chamber at around 10-6 Torr. 

Figure 1 shows the typical Raman peaks of the Ag(2)-derived mode in the case of 453 nm 

FEL irradiation. The wave number of the peak of the non-irradiated pristine C60 was 1463 

cm-1， while that of the irradiated C60 and mixture of C60+ 12 changed to 1460 cm-
1 and 1455 

cm-1
. The half width of the Raman peak also increased corresponding to the amount of the 

peak shift. The ultraviolet rays (345nm) resulted in different changes of the Raman spectrum 

as show in figure 2. Double split of the peak was observed probably due to the strong 

absorbance in C60 and only sample surfaces were changed. The change of the Raman peak of 

C60+ 12 sample was definitely larger than that of pure C60 in both cases. These result insists 

that some additional mechanisms work for proceeding ofthe polymerization by addition ofIz・
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Fullerenes are currently of great interest in many areas of science and technology due to 

their unique chemical and physical properties. However， many of the potential applications 
are hampered because ful1erenes are soluble in the limited range of solvents. Various attempts 
have been made to modify fullerenes chemically to surmount the limitations. One notable 

example is synthesis of water-soluble fullerene derivatives and their applications for medical， 
cosmeticラ andbiotechnological pu中oses.On the other hand， several groups including us 
found that the nanoparticles of fullerenes disperse stably in water even without the aid of 

dispersing agents such as surfactant. The finding holds promises for a totally new strategy for 

fullerenes functionalization. 

Several different procedures have been developed for the preparation of the fullerene 

nanoparticles. We found that they can be obtained by recrystallization from a solution in 
tetrahydrofuran (THF).1，2) Our procedure is distinctly different from others in the sense that it 

does not employ highly toxic solvents such as benzene or tolueneラ andis suitable for 

biotechnological applications. Indeed， the procedure has been recognized as a standard 

protocol for studying biological activities of the fullerenes nanoparticles including the 

cytotoxicity， which attracts significant scientific interests and keen public attention at present. 
We found that negative surface charges of the白llerenesnanoparticles are responsible for the 

dispersion stability. 

The obvious approach to prepare the nanoparticles in general is a top-down approach， in 
which bulk solids are reduced to small particles by mechanical forcesラ butit usually gives the 

particles no smal1er than a few micrometers. In the case of fullerenes， however， we found that 

the nanoparticles， including the ones as smal1 as 20 nmラ are generated by simple 

hand-grinding of the bulk solids in an agate mortar.3
，4) The nanoparticles thus obtained also 

disperse stably in water， and show the same surface characteristics as those prepared by 
bottom-up processes including recrystallization 仕omsolutions. Contrary to the previous 

reports， we found that the hand-ground nanoparticles do not inhibit aerobic growth of a model 

organism， Escherichia coli， suggesting that safe nanoparticles of fullerenes for 

biotechnological and/or medical applications can be obtained by an unexpectedly facile 

procedure. 

1) S. Deguchi， R. G. A1argova， K. Tsujii， Lαngmuir， 2001， 17，6013-6017.2) R. G. Alargova， S. Deguchi， K. 

Tsujii，1. Am. Chem. Soc.， 2001， 123， 10460・10467.3) S. Deguchi， S. Mukai， M. Tsudome， K. HorikoshiヲAdv.

Mater・， 2006，18，729-732.3)S. Deguchi， S. Mukai， Chem. Lett.， 2006， 35， 396-397. 
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Carbon coils with helical/spiral structu白色 suchas carbon nanocoils and microcoilsラ

can be grown by the catalytic thermal decomposition of hydrocarbon gasesラ suchas 
acetylene. Polyhedral graphite (PG) particles having highly graphitized spherical 
s仕uctureswith diameters of 100-500 nm are formed by high-power laser irradiation on 
a graphite target in a high-pressure Ar atmosphere. Recently， we found that carbon coils 
were formed without a metal catalyst by arc vaporization using graphite electrodes in a 
high-pressure hydrogen atmosphere (hydrogen arc discharge)， and we also succeeded in 
producing PG particles by arc discharge using cellulose char as a starting material 
(cellulose arc discharge). We investigated thermal graphitization via these two 
arc-vaporization processes by forming unusual carbon structures without using a metal 
catalyst. 

Spiral carbon structures were formed by vaporizing a graphite anode by conventional 
DC arc discharge. Hydrogen gas was put into the arc chamber at a pressure of more than 
0.1 MPa. The PG particles were produced by a modified DC arc discharge in Ar at a 
pressure of 0.1 MPa. A cellulose char pellet was introduced into the arc plasma between 
two electrodes during the arc discharge. 
Figure 1 shows an SEM image of typical spiral carbon structures. Various spiral 

carbon structures， such as thin single coils， thick double-helix coils and twists， were 
obtained on the anode surface by hydrogen arc discharge. We found that the coiling 
chiralities and mo叩hologiesof the spiral carbon structures depended on the distance 
from the arc plasma. Figure 2 shows the PG particles obtained from the cellulose arc 
discharge. They are equivalent to those obtained from laser vaporization in that they 
have highly graphitized concentric structures with diameters of 150-500 nm. We will 
discuss why having high-density carbon species in the arc plasma is an important factor 
for the metal-free formation ofthese carbon materials. 

Fig. 1 SEM image of spiral carbon 
structures grown on anode surface by 
hydrogen arc discharge. 

Corresponding author: Akira Koshio 

Fig. 2 TEM image of polyhedral graphite 
particles produced by cellulose arc 
discharge in Ar atmosphere. 
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Abstract: 

Collisions of highly charged ions on solid surfaces attract much attention from scientific and 

technological view points， since such collisions can raise significant structural change on the 
surfaces. Recent1yラ possibilityof nano-diamond formation upon irradiation of Ar +s ions on 

graphite has been reported [1]. Upon collisionラ appearanceof band-gap around 6 e V in 
scanning tunneling spectroscopy and a peak around 1350 cm-10finfrared absorption are found. 

Both facts were interpreted as appearance of nano-diamond on the graphite surface. 
Since the A同 ionshave high Coulomb potential， the role of kinetic energy seems to be 

marginal. In contradictory， if neutralization of Ar +8 ions occurs prior to the collision， the 
kinetic energy becomes a key parameter. To understand intrinsic physics， computational tests 
including electron and ion dynamics are thus indispensable. 

1 performed the time-dependent density functional theory calculations being coupled with 

classical molecular dynamics simulations using the computer code FPSEID (ef-psai-di:) 

which stands for First Principles Simulation tool for Electron Ion Dynamics [2]. 1 found that 
the structural change upon collision is dependent on the incident energy of Ar ions， which 
dress electrons during the collision on the graphite surface. In this paper， 1'11 discuss 
possibility of nano-diamond formation. 
Acknowledgement: 

A11 simulations in the present work have been performed using the Earth Simulator. 
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We have investigated the alignment of carbon nanocoils (CNCs) using dielectrophoresis.The 
cabon nanocoils synthesized by chemical vapor deposition weresuspended in iso-propyl-alcohol 

(IP A) using the ultrasonic dispersion. After the suspension was dropped on a pair of coplanar 

electrodes formed on glass substrate，AC or DC electric field was applied to the electrodes. After 
the evaporation of IP A， the surface between the electrodes was observed using a scanning elec仕on
microscope (SEM). In the case ofDC electric field

ラ
mostof all CNCs were moved toward the 

cathode. On the contrary， in case of AC electric field with the frequency higher than 100 H九 CNCs
were aligned along the electric field and connected each other. It is noted that the CNCs made 
bridges between the electrodes， when the CNC concentrations in IP A was high. At a higher electric 
field， the degree of the alignment was improved. The Debye length around the colloidal CNCs was 
estimated to be ~ 500 nm from the conductivity ofthe dispersion. This range is comparable to the 
coil diameters. As a result， the CNCs act as rods with a diameter of ~ 500 nm during the 
dielectrophoresis. 
This work was carried out for Osaka Prefecture Collaboration of Regional 
Entities for the Advancement of Technological Excellenceラ

JST.

Refer四 lce:[1] K.Yamamoto et. al. JJAP 35 (1996) L917 ，包]K.Yamamoto et. al. J. Phys. D31 (1998) L34 
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It is known that the growth of carbon nanotube (CNT) is stopped by covering of 
unnecessary harmful carbon formed on a nanosized particle catalyst of metal in thermal CVD 
process. Therefore， it is necessary to remove the harmful carbon for the continuous growth. 
However， it is difficult to remove the only harmful carbon on the catalyst particle without 
destroy of CNT. We propose the novel techniques with the separated function of carbon 
supply and CNT growth as shown in Fig.1. The ionized carbon source gas is provided 
continuously into one side of the plate shaped catalyst， and then CNT is generated on 
nano-sized exposed catalyst at the preventive material in the other side. 

For proof in principle， we attempted to separate the catalyst into the two fixed sites by 
using pure Fe foils. Thickness of the Fe foils was 20"""'-'50μm. The carbon source gas was 
provided on one side of Fe foil in 850'""-'900

o
C and the other side was in Ar gas. The both 

sides of Fe foil surfaces were observed by SEM and Raman spectra. On the Fe foil surface in 
carbon source gas (COラ H2，Ar)ラ D-bandpeak was observed in Raman spectra as shown in 
FigユOnthe other side of Fe foil surface in Ar gas， the large graphite grains grew with the 
thickness of about 5μm without D-band peak. On the other handラ itwas found that the 
carbon generation was prevented by an Ag mask on Fe foil. Soラ thecarbon could be grown 
with the isolated island structure at pirトholesin the Ag film on the Fe foil. These data indicate 
the possibility that a high quality CNT without defect may grow on the exposed nano-sized 
catalyst (Fe) in the preventive material (Ag). Therefore， it is expected that high quality CNT 
would grow continuously if the carbon source supply could be kept on the exposed catalyst 
surface without covering of carbon by cleaning白nctionof such a plasma etching process. 

Corresponding Author: Takeshi Hikata E-mai1: hikata-takeshi@sei.co.jp 
TEL:十81・6-6466--5790，FAX: +81-6-6466-6583 
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It has been reported that well-aligned zigzag-type carbon nanotubes (CNTs) could be 
produced with fairly uniforrn tube diarneters by surface decornposition of 6H-SiC(000-1) [2]. 
To fabricate CNT-based device， it is irnportant to forrn selectively CNTs on SiC surface. 

However， an early study reported that， using conventional SiN rnaskラ cornpleteselective 

growth was difficultラ sincethe rnask was decornposed during the CNT growth on SiC [2]. In 

this studyラweused high-rnelting ternperature rnetalラ Ti，as a rnask for selective growth of CNT 
on SiC， since the rnelting point of Ti is higher than the decornposition ternperature of SiC 
surface. 

Equal line-and-space Ti pattems 10μrn in width were fabricated on 6H-SiC(000-1) 

surface. The sarnples were heated at 12700C for 30 rnin at 10-6 Pa， followed by annealing at 
17000C for 30 rnin at 10四2 Pa. After each treatrnent， the surfaces of the sarnples were 
investigated with SEMラ STM，XPS and rnicro Rarnan spectroscopy. 

After heating at 1270oC， carbon nanocaps were forrned at the open areas， as shown in 
Fig.1. Strong G band peak was observed at these areas after annealing at 17000C in rnicro 
Rarnan spectroscopy. Fig. 2 shows SEM irnages of the sarnple surface after heating at 1700oC. 

It was found that the shape of Ti rnask was rnaintained even after annealing. In addition， XPS 
spectra showed that Ti was still present after annealing at 1700oC. Frorn these results， the 
effectiveness of Ti rnask was shown for the selective growth of CNT on SiC. 

[l]M. Kusunoki et al.，Chem.Phys.Lett.366(2002)458. 
[2]M. Kusunoki et al.，Jpn.J.Appl.Phys.42(2003)L1486. 
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Fig. 1 STM images of an open area between the Ti 
masks after heating at 1270oC. 
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Fig. 2 SEM image of the sample 
surface after heating at 1700oC. 
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It has been reported that well-aligned zigzag-type carbon nanotubes (CNTs) could be 
produced by surface decomposition of SiC [1]. At the initial stage of the CNT growth， 
nanosized cap structure was observed on SiC surface. These carbon nanocaps are considered 
to determine the size and chirality of grown CNTs [2]. In this studyラ theeffects of oxygen on 
carbon nanocap formation on SiC by the surface decomposition were investigated. 

After HF etching， 6H-SiC (000-1) C-face samples were introduced into ultra-high 
vacuum (UHV) chamber. Thenラ theywere annealed at 12700C in the range 仕om5 to 30 min 
under various oxygen partial pressures (10-4 Pa， 10-3 Pa) by control of the supply _ of oxygen 

gas. F or comparisonラ wealso annealed several samples under UHV (~2 x 10-0 

Pa). The 
surfaces ofthe samples after annealing were investigated by STM and XPS. 

After annealing for 30 min， STM observation showed that， irrespective ofthe oxygen 
pressure， carbon nanocaps were formed on SiC surface. Fig. 1 shows Cls XPS spectra for the 
samples after annealing under various oxygen pressures. It was found that the ratio of the 
peak intensity of the C Sp2 component to that of the SiC component became large， as the 
oxygen pressure increased. The thickness of carbon nanocap layers were estimated by 
angle-resoloved XPS， and the relation between the thickness and oxygen pressure is shown in 
Fig. 2. From these resultsラ weconc1ude that oxygen enhances the decomposition of SiC 
surface， promoting the growth of carbon nanocaps on SiC surface. 

[1] M. Kusunoki， T. Suzuki， C. Ho町0，T. Hirayama and N. Shibata， Chem. Phys. Lett. 366，458 (2002). 

[2] M. Kusunoki，工 Suzuki，T. Hirayama， N. Shibata and K. Kaneko， Appl. Phys. Lett. 77， 531 (2000). 
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Selecting of catalyst and ambient gas are well known to control diameters of SWNTs by 

laser ablation method. Actually， relatively narrow diameter distribution can be realized by 
laser ablation method with Rh/Pd catalyst. Laser ablation combined with N2 gasラ onthe other 

handラ isknown as the way giving rise to the smaller diameter distribution than that with Ar 

gas. Therefore， the combination of N2 gas and Rh/Pd catalyst is safely expected to give the 
SWNTs with both the smaller and the narrower diameter distributions. 

Figure 1a shows Raman spectrum ofthe raw soot， which was prepared under rapid flow 
rate condition with N2 atmosphere and Rh/Pd catalyst. This spectrum indicates the presence of 

SWNTs with small diameter and narrow distribution， which is quite different from those 

prepared in Ar gas and Rh/Pd catalyst. The diameter distribution was also confirmed by 
examining the ωG-bands at the G mode frequencies as shown in the inset in Fig.la. 

Figure 1 b shows the photoluminescence mapping of the sample after water-surfactant 

dispersions. From the spectral pattem， these SWNTs were found to have extremely narrow 
diameter distribution and also have veηT narrow chiral distribution. 

These results suggest that the nanotube with the chiral index of (6，5) is a single major 

product. Furthermore，all these observations strongly suggest the potential capability of the 
present method for selective SWNT production with a single chiral index. 
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Simple technique for controlling the diameter of SWNTs 
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Our new experimental setup has been confirmed by synthesizing single-walled carbon 
nanotubes (S¥¥明Ts). We have investigated the relationships among catalyst species 
(molybdenum-cobalt， iron-cobalt， and rhodium-palladium) which are supported by 
USY-zeo1ite and carbon sources (methanol and ethanol) in the temperature range from 600 to 
1000 oc. Regarding to the G/D ratio Mo-Co effects best as a catalyst for ethanol， however， it 
doesn't work well for methanol， and there is no remarkable difference in Fe-Co. Referring to 
the Kataura plot [1]， one obvious fact becomes c1ear that Mo-Co gives the different SWNTs， 
the chiral indicies of which are completely different. 

And furthermore， one reasonable growth mechanism is considered and this growth 
model gives us a simple way of controlling the diameter of SWNTs. In our experiment of 
ethanol CVD at 950oC， several transition metals are mixed with cobalt as a catalyst and RBM 
spectra indicate that diameter of SWNTs has been changed corresponding to the metal species， 
shown in Fig.l. Rh-Co and Pd-Co catalysts can synthesize narrower-diameter SWNTs 
comparing to the Fe-Co and Ni-Co catalysts， which can only synthesize SWNTs with slight1y 
larger diameters. In ethanol CVDラ Cobaltcatalysts can synthesize SWNTs in itself， however 
iron catalysts cannot synthesize in itself since cobalt can resolve the ethanol and assist the 

seeds of S"明 Tsラ onthe other hand iron atoms cannot resolve the ethanol， however it can 
strongly assist the seeds because of the strong interaction between carbon atom and iron atom. 
This means that to control the catalysts composition can control the diameter of SWNTs， and 
referring to our results the order ofthis interactions are Pd ~ Rh > Fe > Ni > Co. 

Diameter (nm) 

1.2 1.1 0.9 0.8 

200 240 280 320 
Raman Shift (cm') 

Fig.l RBM of as grown SWCNT 

[1] R. Saito， G. Dresselhaus， M.S. Dresselhaus， Phy. Rev. B 61 (2000) 2981 
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Single-wal1ed carbon nanotubes (SWNTs) have excel1ent mechanical and electrical 

properties that have led to the proposal of many potential applications. However， SWNTs 

are typical1y grown as the bundles of metal1ic and semiconducting tubes， this hindering the 

widespread applications. In the applications of SWNTs， it is extremely important to separate 

semiconducting and metallic SWNTs. We herein show a separation method involving a 

dispersion-centrifugation process in a tetrahydrofuran solution of amine， which makes 

metal1ic SWNTs highly concentrated in a simple way. 

A typical dispersion procedure1 is as fol1ows: As-prepared SWNTs (AP-S¥¥明Ts)were 

added to a solution of a amine in tetrahydrofuran and then sonicated at room temperature 

fol1owed by centrifugation of the suspension to remove non-dispersible S¥¥明Ts.

Luminescence and AFM analyses of a supematant solution showed that the SWNT are well 

exfoliated and highly dispersed in the solution. Theoretical calculations indicate that amines 

interact more preferably with as-prepared metal1ic SWNTs.2
，3 The selective decreasing of 

semiconducting absorption bands and the enhancement of metal1ic absorption bands were 

observed after repeating the dispersion-centrifugal process?.4 Raman spectra also shows the 

enrichment of the metal1ic SWNTs. The resistivity of the bucky paper madefrom the 

enriched metallic SWNTs is more conductive than that of AP-SWNTs. These results are also 

consistent with the NIR and Raman data. 

This separation method is simple， convenient， and non-destructive suggesting a potential 

industrial utilization for widespread applications of SWNTs. 

References: [1] Y. Maeda et al. J Phys. Chem. B， 2004， 108， 18395. [2] J. Lu et al. Chem. Phys. Lett.， 2005， 

405，90. [3] Y. Maeda et al. J Am. Chem. Soc.， 2005，127， 10287. [4] Y. Maeda et al. submitted. 
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To develop a system useful to dispersion and solubilization of carbon nanotubes in 

aqueous and organic solutionsラ wehave designed amphiphilic and linear oligopeptides. In 

the present design， Gly and Phe residues were introduced into the oligopeptides as the 
hydrophilic and hydrophobic regions， respectively (Fig 1). The number of Gly residues was 

changed to examine the effect of the hydrophilic property on the CNT-despersion in water. 

The effect of the hydrophobic property was also examined by changing the number of Phe 

residues. The dispersion of CNTs in water was estimated by means of UV-Vis absorption 

spectroscopy and TEM. 

For dispersion of CNTs， each peptide was dissolved in water (about 0.5%) and CNT 

(1 mg) was added. After sonicationラ theobtained suspension was centrifuged， and then the 
supematant was used for all experimental analyses. The UV-Vis spectra of the supematants 

showed that the designed peptides can disperse CNTs in water and almost of CNTs exist as 

the bundled structure. The formation of the CNT-bundle was also confirmed by TEM 

images. These results demonstrated that amphiphilic linear oligopeptides can disperse CNTs 

in aqueous solutions as well as sodium dodecyl sulfate [1]， cholic acid derivatives [2]ラ DNA

[3，4]， polymers [5]， and polypeptides [6，7]. We wi11 discuss the effect of the amphiphilic 

properties of the oligopepttides on the dispersion of CNTs. 

d GIY1-3 ..........一一竺he1-2 .... 

内苑古市す毘お「郡日官同Z罵お訂
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Using appropriate surfactants， single-wal1ed carbon nanotubes (SWCNTs) have been 
successfully debundled to individual1y dispersed tubes by ultrasonication methods. However， 
a major problem remains in the fact that most SWCNTs in the individually dispersed 

suspensions are shortened to the length less than several hundred nm [1]. 

In this s加dy，to control the length of individual SWCNTs， effect of surfactant 

concentration on length distribution of individually dispersed SWCNTs was investigated by 

using surfactant sodium cholate [2]. SWCNTs produced by the HiPco process in purified form 

were dispersed in two kinds of aqueous sodium cholate solutions (10 and 40 mgケnL).The 

suspensions were ultrasonicated at a power level of 10W for 1 h by Branson Sonifier 450D 

and centrifuged at 21，800g for 3 h. The absorption spec回 ofthe supematant suspensions 

were measured using a UV-vis spectrophotometer. As shown in fig.1， both suspensions show 
similar spec仕awhich are assumed to result from those domina臼dby individual tubes. Also 

the suspensions were spin-coated on cleaved mica 2.3 

substrates， and AFM images were acquired in air. As 2.1 

shown in fig.2， a clear difference of出eavemgc tube i :: 
leng出 isobserved between (a) and (b). We estimated the ~ 1.5 
length distribution of the tubes企omFig.2. As shown in 乏1.3

fig.3， when the surfactant concentration is 40 mg/mL， 1.1 

many longer tubes than 1000 nm are observed. 

These results indicate that an excess amount of the 

sutfactant 
concentratlon 
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surfactant sodium cholate is effective to protect individual ~~~:~~ ~b~orp~t~?~ spec回 ofpurified
SWCNTs 企ombreakage. 30 ・ SWCNTsby HiPco process. 

FigユAFMimages showing the dispersion of 
SWCNTs in aqueous sodium cholate solutions. 
Surfactant concentration : (a)10mg/mL， (b)40mg/mL. 
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Fig.3. Length distribution histograms of the 
individually dispersed tubes estimated from fig.2. 
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N ew preparation method of carbon nanotube film 

for Photoluminescence Spectroscopy 

oNakata Yasushi 

HORIBA， Ltd.， あわ10101-0031，Japan 

Photoluminescence (PL) spectroscopy has been developed as important technique for 
the characterization of semiconducting single-walled carbon nanotubes (SWNT). The dried 
film of DNA-wrapped SWNT hybrids was well characterized by using resonant Raman 
spectroscopy (RRS) and photoluminescence (PL) experiments [1]. Such stable solid-fi1m of 
SWNT-polymer complex is good reference material for PL spectroscopy. 

Carboxymethylcellulose (CMC) is known as a dispersion agent for SWNT [2]. We 
newly developed the thick film of SWNT-CMC complex. HiPco SWNT (Carbon 
Nanotechnologies， Inc.) was dispersed into the CMC aqueous solution of high concentration 
(2 wt %) by u1trasonic homogenizer (600 W). This dispersion liquid of SWNT-CMC complex 
was fi1tered using a filter of pore size 0.2μm for purification. Caused by high viscosity 
(~25mPa.s) ofthe CMC solution， we didn't use the conventional 企actionationprocedure by 
ultra-centrifugation with D20[3]. This fraction was dried into the film of the thickness 80μm 
on a metal plate gently heated under 100oC. We note that the elasticity of the film has 
increased by the filtration. 

PL spectrum for SWNT-CMC complex in the film was similar to the results reported 
by Minami et al. [3]. These results show that the fi1tration for the extraction of the 
SWNT-CMC complex from the SWNTs dispersion liquid of high viscosity is effective 
technique for the preparation of the film for PL spectroscopy. The thin film on a quarts plate 
from the dispersion liquid of SWNT-CMC complex was also prepared by spin-coating for 
single-nanotube Raman spectroscopy. A number of the resonant Raman spectra of 
SWNT-CMC hybrids with a single RBM band were collected by micro Raman mapping. The 
laser excitation wavelength was 632.8nm. In the E22 region of semiconducting nanotubes， the 
RBM frequencies of the SWNT-CMC hybrids well corresponded to the results of sodium 
dodecyl sulfate (SDS) suspended SWNTs [3] by the difference of2cm-1

. 

[1] S. G. Chou et al.， Chemical Physics Letters， 397， 296(2004). 
[2] T. Takahashi et al.， Jpn. J. Appl. Phys. 43， 3636(2004). 
[3] S. M. Bachilo et al.， SCJENCE， 298， 2361 (2002). 
[4] N. Minami et al.， 29th Fullerene Nanotubes General Symp. lP-46 (Kyoto， July， 2005) 
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Light-harvesting function of carotenoid inside single wall carbon nanotubes 
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ラ
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1. Nationallnstitute 01 Advanced lndustrial Science and Technology (AIS刀，Tsukuba 

305-8562， Japan 
2. Department 01 Physics，おかoMetropolitan Universi帆おか0192-039スJapan

Abstract: Single wall carbon nanotubes (SWCNTs) are attractive components for 

nano-dimensional optoelectronic devices. Recentlyラ theefficient generation and detection of 

light by a single SWCNT have been demonstrated. However， the spectral range of these 
unique devices is limited by the specific density of the states of semiconducting SWCNTs. 
Controllable modification of this spec仕alrange is crucial for device application. There are 

two strategies to modifシtheoptical properties of SWCNTs: one is to attach molecules outside 

the tube， the other is to encapsulate them inside the tube. It is inevitable to cause undesirable 
side effect by chemical reaction during the attachment of molecules. Thus the latter is a more 
gentle and elegant strategy. Carotenoids (Car) are very important natural pigments. They 
exhibit a light-harvesting function in photosynthetic pigment-protein complexes. Car absorbs 

light-energy where bacteriochlorophylls (Bchls) 
have a low extinction coefficient， and energy 
transfer from Car to Bchls is important for the 
efficient usage of solar light in photosynthesis. One 
might expect th剖 ifCar were encapsulated inside ( b) 
SWCNTs the simi1ar light-harvesting function by 
encapsulated Car would occur. We investigated this 
possibility. In this study

ラ s-carotene，a carotenoid
ラ

is encapsulated inside SWCNTs (We refer to the 
complexes produced in this fashion as 
Car@SWCNTs). We have c1arified the detai1 
structure of encapsulated s-carotene using X-ray 
diffraction， the polarization dependence of the 
optical absorption spectra， and Raman spectroscopy. 
The photoluminescence (PL) spectra revealed 
efficient energy transfer from the excited states of 
s-carotene to the SWCNTs. This novel observation 
wi11 open the door for the fine-tuning， via the 
encapsulation of various molecules， of the optical 
properties of SWCNTs for numerous optoelectronic 
applications. 

References: K. Yanagi，玄 Miyata，and H. Kataura， Adv. 

Mater. 18 (2006) 437. K. Yanagi et al.， (submitted in 2006) 
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NMR Study of Water Confined in S羽TNTs
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へ
Hiromichi Kataura2， 

1 FaculかザScience，おかoM診tropolitanUniversi帆 1-1Minami-osawa， Hachioji， 
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2 Nanotechnology Research lnstitute， Nationαllnstitute of Advanced lndustrial Science and 

Technology (AIS刀，Central4， Higashi 1-1-1， Tsukuba， 305-8562， Japan 
3CREST， .h中anScience and Technology Corporαtion 

Single-wal1 carbon nanotubes (SWNTs) encapsulate many kinds ofmaterials in their 
quasi-one-dimensional cavities with a typical diameter of one nanometer. Materials confined 
in such smal1 cavities are expected to show novel features which cannot be observed in bulk 
materials. Water is one of such molecules in spite of a hydrophobic nature ofthe SWNT wal1. 
The previous X-ray diffraction measurements have confirmed that water inside SWNT 
undergoes structural transitions from a “liquid" like state to“ice-nanotube; ice-NT" with 
lowering temperatures [1]. We have studied the molecular motions and proton dynamics of 
water inside SWNT by means of 1 H and 2H NMR in a temperature range from 100 to 300 K 

across the ice-NT formation temperature， Tc. Above Tc， the motional1y narrowed NMR 
spectra are observed due to the mobile water molecules. This indicates that water inside 
S¥¥明Tsis in a liquid state where the translational and rotational motions of water molecules 
are fast on the NMR time scale of ~ 1 0-5 s. However， with lowering tempera加resfrom 300 K， 
the molecular rotation slightly deviates 企omthe complete isotropic rotation. This 
phenomenon was explained based on the existence of a preferential orientation of water 
molecules even in the liquid state. Below 220 K， we have observed the gradual decrease in 2H 
NMR intensity according to the formation of the ordered ices， heptagonal and octagonal 
ice-NTs. Al1 the protons in the ordered ices are found to be fixed at around each hydrogen 
bond or atomic site at the NMR time scale below around 120 K. 

[1] Y. Maniwa et al.， Chem. Phys. Lett.， 401， 534 (2005). 
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Chemical Modification of Carbon Nanohorns by Microwave 

oSuguru Yoshida and Masahito Sano 
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High purity and higher order structures of carbon nanohorns (CNHs) are 

attractive for applications in fuel cells and drug delivery. Because CNH surfaces are 

made of single-walled carbon nanotubes， however， the surface properties of CNHs give 

rise to the same problems facing the nanotube applications. One of the problems is poor 

wettability. The surface of CNHs needs to be modified so that it wets better against 

common solvents and other materials. Unlike nanotubes where many chemical 

modifications have been reported， oxidation seems to be the only modification 

performed on CNHs so far. The oxidized CNHs wet better and have larger surface areas. 

Technically， CNHs have been oxidized by either treating with strong acids or heating in 

air. The acid treatment necessarily leaves unwanted acids behind and the heat treatment 

requires careful temperature controls. We have reported that carbon nanotubes are 

efficiently modified by using microwave radiation. Here， we examine if the same 

microwave technique can be applied to modification of CNHs. 

As a model reaction， oxidation of CNHs in air was examined. A small amount 

of CNHs in a glass tube was placed in a microwave reactor (2455 MHz). The sample 

was irradiated with microwave of a controlled power for a certain time. A degree of 

oxidation was estimated by the dispersed amount in tetrahydrofuran. It was also 

examined by X-ray photoelectron spectroscopy. Both results indicate that only a small 

irradiance is enough to oxidize CNHs. We also used the microwave chemistry to attach 

Pt nanopartic1es on CNHs. These studies demonstrate that the microwave irradiation 

is a highly efficient method for chemical modification th瓜 producesno unwanted 

chemicals， requires low powerラ andtakes only a very short time. 
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Production of Hydrogen by Direct Decomposition of Methane 

using arc SWNHs 

o Takashi Ina a， Takashi Yamaguchi b， Shunji Bandow b， and Sumio Iijima b 

a Toho Gas Co.Ltd.リ 507-2SInpo・MachI，TokaI-city 476-8501，ゐ'pan

b Dept. Mater. Sci. E刀'gIn.Meijo臼'1Iv.，1・501ShIogamaguchi， Tenpaku-ku， 

Nagoya 468・8502， Japan 

Direct decomposition of methane (CH4→C+2H2) using carbon catalytic system is much of 

interest as a highly environment"仕iendlymethod for the production of high purity hydrogen 

due to absence of COx as byproducts. In previous research， SWNHs (by laser ablation and 

arc discharge) were used for catalyst of direct decomposition， and it was known that the 

lifetime of catalytic activity of SWNH by arc discharge is longer than that by laser ablation， 

and the activity of SWNH by arc discharge is larger than SWNH by laser ablation. So in this 

study， the decomposition of methane using several arc SWNHs was examined. 

The decomposition of methane was examined at 1173K. 

As seen in Fig.1， the catalytic activity of 

arc SWNHs depends on the arc discharge 

atmosphere. And the lifetime of SWNH by 

arc discharge reachs about 1 week. 

And It's also suggested that the activity 

of arc SWNHs is strongly concerned to the 

agglomerate size of SWNH and 

concentration of unpaired electrons in 

SWNH structure. 

[1] T.ina et al.， Abstracts 29rd Fullerene-

Nanotubes General Symposium 91(2005) 
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Origin of graphite flakes including in SWNH sample prepared by 

pulsed arc discharge 

OTakashi Yarnaguchi， Shunji Bandow and Surnio Iijirna 

Depal'tment 0/ Materials Science and Engineering， 21幼 centuryCOE Nanザactory，

Meijo Universi，私 Nagoya468・8502，Japan 

Sing1e-wall carbon nanohom aggregates (SWNHs) prepared by the methods based on pu1sed arc 

In this study， we discharge [1] and 1aser ab1ation [2] have a unique structure 1ike a sea urchin. 

ana1yze the morph010gica1 and structura1 features of SWNHs， and a1so impurity phase materia1s 

inc1uding in the as-prepared samp1e of SWNHs by 

Morph010gica1 pu1sed 

characteristic of arc-driven SWNHs is representative 

discharge. arc the 

of the small diameters that are approaching to ~50 

This is a unique characteristic of arc-driven nm. 

However， the collected samp1e inc1udes S¥¥冷ms.
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Fig. 1. TGA traces of soot A (top) and soot 
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O 

the pre-heating， the smoke was given out from the 

rod， and small amount of soot (soot A) sett1ed on the B (bottom) 

Next， we conducted the arc-buming of pre-heated carbon rod and gathered bottom of the chamber. 

TGA results are in Fig.l， where the top the soot attached on the sidewall of the chamber (soot B). 

From these results， we can TGA-trace was recorded for soot A and the bottom was for soot B. 

We think that the identify that the soot A main1y consists of graphite flakes， and soot B of SWNHs. 

graphite flakes were prepared during the pre-heating， and they were pee1ed off from the surface of 

Details of our experimenta1 results wil1 be described in the meeting. the rod. 
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Optimum oxidation condition to open holes on single-wall carbon 
nanohorns for CDDP incorporation and release 

o Kumiko Ajima1， Masako Yudasaka1
，2 and Sumio Iijima1ム3

1 SORST-JST， C/O NEC 34 Miyukigaoka， Tsukuba， lbaraki 305-8501， Jcα'Pan 

2 NEC， 34 Miyukigaoka， Tsukuba， lbaraki 305-8501， Japαn 

3 Meijo University， 1-501 Shiogamaguchi， Tenpaku-ku， Nagoya 468-8502， Japan 

We have been studying applications of single-wall carbon nanohoms (S¥¥明 Hs)to drug 

delivery systems (DDS)， and previously showed the incorporation of cisplatin (CDDP)， 

anticancer drug， into SWNHs and the release of CDDP from SWNHs in solutions [1]. The 

quantity of CDDP released 企omCDDP@NHh and CDDP@NHox was 70% and 15%， 

respectively [2]. Here， NHh denotes SWNHs having holes with hydrogen-terminated edges 

[3]， and NHox denotes those having ho1es with oxygen-containing functiona1 groups 

(NHox). The small quantity， 15%ラ ofCDDP re1eased from NHox was caused by the 

sodium-p1ug effect [2]. Since dispersion ofNHox in aqueous solutions is better than that of 

NHh， and it wou1d be enhanced by the chemica1 modification of the ho1e edges， NHox is 

more preferab1e than NHh for the bio1ogica1 applications. To increase the re1easable 

quantity of CDDP from NHox in phosphate bu百eredsa1ine (PBS)， we compensated for the 

sodium p1ug effect by en1arging the ho1e sizes without sacrificing the 1arge incorporation 

quantity and slow re1ease rate. 

To en1arge the hole sizes of NHox preciselyラ weapplied the slow combustion， in which 

temperature increased at 10C/min in dry air up to a target tempera加re(T(target) = 450 ~ 

580
0
C) and coo1ed down naturally [4]. CDDP was incorporated into these NHox using the 

nanoprecipitation method [1]. The quantities of incorporated and re1eased CDDP were 

estimated 企omatomic absorption spectra. We a1so measured X-ray diffraction to confirm 

that there was no non-incorporated CDDP (cηs臼1)outside NHox. 

We found that the optimum T(target) was 500oC. CDDP@NHox(5000
C) had the 1east 

amount of CDDP crysta1s 10cated outside NHox， and the incorporated-CDDP quantity was 

12 wt %. CDDP cou1d be slow1y re1eased企omNHox(5000C) in PBS， and about 80% of 
CDDP was re1eased in 48 hours. 

Acknowledgement: We thank Dr. T. Azami and Dr. D. Kasuya for preparing single-wall carbon nanohoms. 
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The sizes and numbers of nanowindows in single-wall carbon nanohoms (SWNH) can be 

controlled by the heating temperature and period in dry air， which was reported previously [1]. 

In this study， the relations of nanowindows' sizes and incorporation and release of C60 in/from 

S¥¥弓.JHswere investigated. 

The SWNHs were oxidized in f10wing air with a temperature rising speed of l
O

C/min from 

room temperature to a target tempera印re(Ttg) of 400，450，475， 500ラ 525ラ 550and 575 oc [1]， 

which we denote as NHox. 0.2 mg of C60 per 1 g of NHox was incorporated in NHox by the 

nano-precipitation method [2]. The quantities of C60 incorporated in NHox (C6o@NHox) were 

analyzed with thermogravimetric (TG) and x-ray diffraction (XRD) measurements. 

C6o@NHox without any C6o-crystal contamination was obtained when Ttg was in a range of 

475 and 550oC， and the incorporated-C60 quantity abruptly increased 企om475 to 525
0
C of 

Ttg， though their pore volumes measured with liquid nitrogen did not change greatly. This 

indicates that the holes with sizes of C60 increased in these Ttg ranges. 

The release of the incorporated C60 was also examined. 2 mg of C6o@NHox were immersed 

in 300ml oftoluene/ethanol (volume ratio， 8:2) solvent， and measured their UV/vis absorption 

spectra. The amounts of C60 released企omC6o@NHox (Ttg=475-5500C) after immersing in 

toluene/ethanol for about 1 day increased from 50 to 80% as the Ttg increased from 475 to 

550
0
C. The EELS analysis indicated that C60 remained near the core ofNHox aggregates. 

The release rates of C60 from C6o@NHox (Ttg=475~5500C) were fast for Ttg of 550
0
C and 

slow for 500 and 5250Cラ suggestingthat the size of holes also inf1uenced the release rate of 

C60・WhenTtg were 400， 450， and 575 ocラtherelease rates were extremely high due to the C60 

crystals located outside ofNHox. 
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Risk assessment of carbon materials， inter alia， carbon nanotubes has surfaced as an 

important subject of nanomaterials research， which has however been hampered by the lack of 

characterization of sample materials. In this study， we have prepared water-soluble and 

metal-free carbon nanotube aggregate using carbon nanohom aggregate and evaluated its 

cytotoxic effects. 

We first prepared water-soluble carbon nanohom aggregates by the reaction with 

sodium amide. Thus obtained amino carbon nanohom aggregates were soluble in water up to 

1 mg/mL. Dynamic laser light scattering studies on the aqueous solution showed that the 

solution contains isolated particles of ，...， 1 X 102 nm. 
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Figure. Aqueous solution 01 amino 
nanohorn aggregate. The concentration 
is 0.2 mg/mL， 0.02 mg/mL (left and 
middle， respectively). The right vial is 
untreated nanohorn aggregate in water 

With the physicochemical data in hand， we evaluated the toxic effect of carbon 

nanohom on the mammalian cells. The amino nanohom aggregates did not show significant 

cytotoxicity: The cytotoxicity was 1110 of quartz micro-particles weight-wise. We， however， 

found that the particles were persistently taken up by the cells， which showed that certain care 

should be paid for the long-term biological effects. 
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Third-order Nonlinear Optical Response 
in Individual Double-Walled Carbon Nanotubes 
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Fukuok，α816-8580， Japan 

In double-walled carbon nanotubes (DWNTs)ラ interactionsbetween inner and outer 

tubes may modify optical transitions and nonlinear optical properties. We have reported the 

resonant behavior of nonlinear optical response and the ultrafast carrier relaxation [1]. In this 

presentation， we report on detai1ed studies of absorption spectra and nonlinear optical 

susceptibilities i3
) ofDWNTs in comparison with single-walled carbon nanotubes (SWNTs). 

DWNTs were produced by a chemical vapor deposition method using Fe nanopartic1es 

and MgO powder as catalysts. DWNTs (SWNTs) were dispersed in D20-sodium 

dodecylbenzene sulfonate (SDBS) to obtain individual nanotubes. We carried out pump-probe 

measurements using a 150 fs・widthpump pulse with the photon energy of 3.12 eV and a 

white continuum probe pulse. 

Figure 1 shows absorption spectra of DWNTs (solid curve) and SWNTs (dashed 

curve) in D20/SDBS in the spectral range of 0.80-1.35 e V. Both spectra indicate similar 

structures corresponding to different diameters and chiral anglesラ andthe absorption peaks 

observed for DWNTs are ascribed to the inner tubes. Small red shifts (1-9 me V) are observed 

in DWNTs compared with SWNTs， which suggests the existence of the inter-wall interaction 

in DWNTs. The figure of merit ImZ.(3)/α(α: absorption coefficient) is -3.5xl0-14 esu cm for 

the (10ユ)tube in DWNTs， and it is -1.4xl0一14esu cm for the same specific tube in SWNTs. 

Therefore， we have found that the optical nonlinearity in the El1 transitions for DWNTs is 

enhanced by a factor of ~2 compared with SWNTs. 
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Fig. 1 Absorption spectra ofDWNTs (solid curve) and SWNTs (dashed curve) in D20/SDBS 

1.3 

[1] A. Nakamura et al.， Abstract of 30th Fullerene Nanotubes Symposium， p.13， 2006. 
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We have recent1y reported that the third-order nonlinear optical susceptibility ;13) 

exhibits the resonant enhancement at the optical transitions between the valence and 

conduction bands in single-walled carbon nanotubes (SWNTs) thin films[1]. 1n the thin films， 

however， SWNTs form parallel bundles or ropes， and this bundling perturbs the electronic 

structure of the れlbes.1n this presentation， we report on the dependence of ;13) on the 

diameter/chirality in individually suspended SWNTs in solution. 

HiPco (high-pressure CO conversion)-SWNTs were dispersed in D20-sodium dodecyl 

(SDS) to obtain individual nanotubes， each encased in a cylindrical micelle. 

Pump-probe measurements were made using an amplified Ti:sapphire laser system with the 

pump photon energy of 3.12 e V and the pulse duration of 150 fs. Values of 1m ;13) in the 

nondegenerate configuration were measured in the spectral range ofO.85-3.00 ev. 
Figure 1 shows absorption and ;13) spectra in the range of 0.85-1.40 e V. Absorption 

spectrum indicates sharp structures corresponding to different diameters and chiral angles of 

semiconducting nanotubes. Each optical transition was assigned to a specific (n，m) nanotube. 

The nonlinear susceptibility (closed circles) exhibits also a peak at each optical transition， 

indicating the resonant enhancement at the exciton peak. 
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Fig. 1 Abso刷 onand 1m i3
) spectra of SWNTs in D20/SDS 

The diameter (D) dependence of 1m ;13) in semiconducting SWNTs was also 

investigated utilizing the assignment of the optical transitions in the absorption spec仕a.The 

figure of merit 1m;l初α(α:absorption coefficie同 dependson D6
.
1土

0.9，and consequently 

the band gap dependence is -6.1:t0.9. We will discuss characteristic features ofthe nonlinear 

optical response in the 1D system. 

[1] T. Tomikawa et al.， Abstract of28th Fullerene Nanotubes Symposium， p.71， 2005. 
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Optical pH Response of Micelle-encapsulated and Polymer-wrapped 

Single-Wall Carbon N anotubes 

oToru Ishii， Tero Takahashi， Catalin Romeo Luculescu， Katsumi Uchidaラ

Tadahiro Ishii and Hirofumi Yajima 
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12-1 Funagαwara-machi， Shinjyuku-ku， Tokyo 162-0826， Japan 

It is known that optical properties of single-wall carbon nanotubes (SWNTs) are 
sensitive to their environment such as temperature or pH [1ヱ].We investigated pH effect on 
optical characteristics of SWNTs dispersions. Typical surfactants such as sodium 
dodecylsulfate (SDS， anionic) and n-dodecyltrimethylammonium bromide (DTAB，cationic) 
and some polysaccharides such as carboxymethylcellulose (CMC) and chitosan with different 
charge features were used as dispersion agents. The spectroscopic properties of dispersed 
SWNTs prepared with these agents were probed by means of UV-vis-NIR absorption， NIR 
photoluminescence and Raman scattering under various pH condition. 

The interband optical transitions originated企omvan Hove singularities were dependent 
on dispersion agent species and pH. The absorption peaks in the first semiconductive band 
range disappeared with decreasing pH in the case of SDS-SWNTs dispersion， whereas a smal1 
decrease in the peaks was observed in the case of DTAB. On the other hand， the CMC田 and
Chitosan-SWNTs dispersions did not show peak bleaching at low pH. The foregoing results 
implies that the discrepancy of the bleaching of interband transition induced by protonation 
between the surfactants and polysaccharides comes 企omthe difference in the structural 
characteristics， that is micelle-like for the surfactants and wrapping for the polysaccharides. 

[1] P. Finni巴，Y. Homma， and J. Lefebvre， Phys. Rev. Lett. 94，247401 (2005) 
[2] M. S. Strano， C. A. Dyke， V. C. Moore， M. J. O'Connell， E. H. Haroz， J. Hubbard，お1.Mil1er， K. Ria1on， C. 

Kittrell， S. Ramesh， R. H. Hauge， R. E. Smally， J. Phys. Chem. B 107， 6979 (2003) 
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Far-infrared absorption peak in single-walled carbon nanotubes 
and its correlation with tube lengths 

OH.Suzuki1
， N.Akima1

， H.Shimotani1 
，YIwasa1 

lInttitute for Materials Research， Tohoku Universiか"Sendai 980-857スJapan

Recently， we have observed that the企eecarrier absorption in highly oriented 
films of single-walled carbon nanotubes (S¥¥市Hs)forms a well defined peak 
structure in the far-infrared region， which is attributable to the plasmon resonance 
of free carriers in the metallic tubesラ presumablydue to the finiteness in tube 
lengths [1]. This finding provides a new opportunity to determine the average 
length of SWNTs from the far-infrared (FIR) peak position. In this paper， we 
report our effort to prepare SWNTs with variable lengths and to establish a 
correlation between the length and the FIR peak position. 

We dispersed the HipCo tubes in a mixture of concentrated sulfuric and nitric 
acids (3: 1， 98% and 70%， respectively)， and sonicated at room tempera印re[2]. 
The statistical length distribution using the AFM pictures revealed that the 
average lengths of untreated and three-hour sonicated tubes were 1.5μm and 0.75 
μm， respectively， indicating that the length is tuned by the sonication time in acid 
as expected. These nanotubes were mixed with in polyethyleneラ andstretched at 
elevated temperatures. Reasonable degree of alignment was obtained as in the 
previous report [1]. Figure shows the absorption spectra of untreated， one-hour 
treated， and three-hour treated HipCo tubes for polarization parallel to the 
stretching direction. The peak structure was observed in all samples， in fair 
agreement with the previous result [1]. Importantlyラ thepeak position is moved to 
higher energy 合om200 cm-1 to 400 cm-1， being suggestive enough of the length 
dependence of the FIR peak 
poslt1on. 

References 

[1] N. Akima， et al.， Adv. Mat. 18， 

1166 (2006). 

[2] J. Liu， et al.， Science 280ラ 1253

(1998). 
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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] We have investigated high field magneto-absorption 
properties of single-walled carbon nanotubes in the visible light region where absorption 
peaks originated from the second-subband gaps of semiconducting SWNTs and the 
first-subband gaps in metallic SWNTs， to 120 T using a single-tum coil system. In 
stretch-aligned SWNT/sodium dodecyl sulfate/gelatin films[3]， an absorption peak 
corresponding to the first subband gap of (13ラ 1)SWNTs was observed to broaden and split 
into two peaks with applying magnetic fields in parallel to the alignment. The split width was 
0.10 eV， which agrees quantitatively with the Ajiki-Ando theory[1]. By the application of 
magnetic fields in perpendicular to the alignmentラ nobroadening was observed even at 120 T. 
These results suggest that the splitting observed in the former case was originated from the 
AB effect. However， those splittings were not observed to 120 T in stretch-aligned S¥¥乃.JT/
carboxymethylcellulose/gelatin films. This discrepancy suggests that interaction between 

dispersing agents and SWNTs could affect the manifestation of the AB effect. 

[1] H， Ajiki and T. Ando， J. Phys. Soc. Jpn. 62， 1255-1266 (1993). 

[2] S. Zaric et al.， Science， 304， 1129-1131 (2004). 

[3] Y. Kim et al.， Appl. Phys. Lett. 86， 073103 (2005). 
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In this paper， we calculate the double resonance Raman intensity (DRRI) of single 
wal1 carbon nanotubes (SWNTs) and graphite. In SWNTs， we consider such as the 
intermediate frequency modes (lFMs) which have the step-like dispersive peaks [1]. The 
negatively dispersive IFMs are considered the combination of the creation of an optic phonon 
and the annihilation of an acoustic phonon， and the positively IFMs are considered of the 
creation of both an optic and an acoustic phonon. In graphite， we calculate DRRI of the 
disorder-induced D-band as a function of the crystal1ite size La of the nanographite f1ake and 
as a function of the laser energy E1蹴 r・Cancadoet al. showed that the integrated intensity ratio 
ID/IG (1D: D-band integrated intensity， Ia: G-Band integrated intensity) is proportional to 
E1a悶 -4and La-1 [2]. The calculated results give ID/IG proportional to Ela悶 A and La-2 [3]. 

The double resonance Raman intensities and shifts are calculated by 
extended-tight-binding scheme [4，5]. The structure of spectra is understood by calculating 
electron-phonon and electron-photon matrix elements for possible combination of phonon 
modes and elastic scattering matrix elements. From the calculating results ofDRRI ofSWNTs 
and graphite， we determine the origin of IFMs and many other two phonon modes obtained in 
the experiment， the dependence of the chiral angle of DRRI of SWNTs and the excitation 
profile ofRaman shifts. 

[1] C. Fantini et al.， Phys. Rev. Lett. 93， 87401 (2004). 

[2] Cancado et al.， Appl. Phys. Lett. 88， 163106 (2006). 

[3] K. Sato et al.， Chem. Phys. Lett.， in press (2006). 
[4] Ge. G. Samsonidze et al.， Appl. Phys. Lett. 85， 5703 (2004). 

[5] J. Jiang et al.， Phys. R巴v.B 72，235408 (2005). 
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Composite materials of carbon nanotubes (CNT) and organic polymers are promising 

material forms for CNT applications. F or preparing such materials， how to mix CNT into 

polymer matrixes is a key technology. Among the various mlxmg methods for 

CNT-polymer compositesラ themethod using mixed solutions of CNT and polymers is 

becoming more promising because the dispersion techniques of CNT in solvents using strong 

ultrasonication with the aid of surfactant have been developed in these years. In such 

dispersion techniques water has been the most established solvent. However， the kinds of 

polymers are limited to water-soluble ones. This means most of major polymers are out of 

candidates because they are insoluble in water. 

In this work， we extended the candidates of water-soluble polymers to polyimide， 

which is known as a super engineering plastic. Conventionally polyimides are not soluble in 

water in the final polyimide forms nor in the precursor polyamic acid (PAA) forms. In our 

approach we made a polyamic acid soluble in water by adding triethanolamine as shown in 

Fig. 1.[1] 

イ!川p。吋
N(CH2CH20Hh 惨~:ト21心:ア)

Fig. 1. Water-soluble PAA by addition oftriethanolamine 

CNT (CNI， X-grade) are sonicated in water with addition of a nonionic surfactant 

Triton X-I00 in a strong ultrasonicator (Tosho Denki， Nano-Raptor)ラ andmixed with the PAA 

water solution. The mixed solution was then cast on flat glass and heat-cured for imide 

conversion. Surface resistivity of the so-prepared films showed a drastic change at around 2 

wt% concentrationラ indicatingthe formation of conductive networks by CNT. 

[1] Y. Maekawa， T. Miwa， T. Yamashita， Reactive Po1ymers， 30， 71 (1996) 
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Single-Wall Carbon Nanotubes (SWNTs) are one-dimensional tubular carbon structures 
with different diameters and chiralities. Owing to their outstanding mechanical and electrical 
properties， many potential applications have been proposed. Howeverラ SWNTsbundled by 
van der Waals force between them are not dispersed in all solvents， which hinders their 
applications. Thus， we have investigated the novel dispersion and purification procedures of 
SWNTs using biopolymers1). 

The liquid crystal (LC) exhibits very unique properties of crystal-like molecular alignment 
and liquid-like fluidity. In addition， the reorientation of LC is possible to be induced by 
applied electric or magnetic fields. 

In this studyラ anew hybrid material composed of lyotropic LC， hydroxypropyl cellulose 
(HPC) and SWNTs dispersed with a biomaterialラ suchas carboxy methyl cellulose (CMC)， 
was prepared.2) The effect ofthe electric field on the characterization ofthe LC-SWNT hybrid 
material was investigated by means of NIR-photoluminescence and Raman spec仕a.These 
results showed the evidence that SWNTs are individually dispersed in the LC materialラ

regardless of whether or not in the electric field. Further， the electric field induced the 
reorientation of LC moleculesラ whichwas accompanied with the orientation of SWNTs. Then， 
on turning off the electric field， the alignment of both the SWNTs and LC molecules was 
collapsed. Consequently， the LC-SWNT hybrid material showed the response to the electric 
field. 

Electric field 

¥ ♂ l臨機
“.. .""". 

機務長総芸、 Apply

I I川田彰¥、pp

M齢、難同額 Turningoff感激際恥湾総会

HPC I SWNT 

Scheme Alignment of liquid crystal-SWNT hybrid materials 
induced by the applied electric field. 

References: 
[1] T. Takahashi et al， Chem.Lett.ll (2005) 1516 
[2] H.Yajima et al， PatentAppl. No. 2006.剛心.明.

Corr町'respondingAu凶thor口.づ:Hirofi白umiY;:宍勾矧RリがJlma
TEL: +81・3-3260-4272(ext.5760)，FAX: +81-3・5261-4631，E-mail: yajima@rs.kagu.tus.ac.jp 

-164 -



2P-50 
Preparation and properties of chitosan film containing dispersed SWNTs 

ORumi Shizume， Katsumi Uchida，and Hirofumi Yajima 

Department 01 Applied Chemistry， ToかoUniνersity 01 Science， 

12-1 Funagawara-machi， Shinjuku-ku， Tokyo 162-0826， Japan 

Recentlyラ thefield of tissue engineering has developed rapidly， with much efforts being 

concentrated on the controlled attachment of cells to the artificial scaffolds. Additionally， recent 

studies have reported that the proliferation and differentiation of cells on their scaffolds are 

influenced by the surface roughness of scaffold materials， and the electric， magnetic， or mechanical 

stimulation. 

In this paper， to introduce the outstanding mechanical and electric properties of single carbon 

nanotubes (SWNTs) into the scaffold material， the polymer film containing SWNTs dispersed by 

using a biopolymer， chitosan， was prepared[ll. Changes of the film property including the 

orientation of SWNTs into it by the mechanical stimulation were investigated. 

SWNTs samples used in this study were HiPco S¥¥尽..JTs.SWNTs were mixed with 2% chitosan 

acetic acid solution and then treated using an ultrasonic disruptor for lh. The obtained SWNTs 

dispersions were ultracentrifuged at 160，000g to remove large SWNTs' bundles. The supematant 

solution after ultracentrifugation treatment was dissolved in gelatin solution. The 

SWNT/chitosan/gelatin films were obtained by casting the solution on glass substrates. Their films 

were peeled off 企omthe substrate and soaked in 70% ethanol. Subsequently， these films were 

stretched until draw ratio 2. UV-vis-NIR absorption and emission spectra showed that SWNTs in 

the film were oriented for stretched direction. Further， the polarized-light microscope observation 

revealed that the orientation of the polymer film itself is induced by the stretching. The foregoing 

results and AFM observation showed that the orientation of SWNTs and the surface roughness of 

the film were grown with increasing SWNTs content in the film. 

[1]T.Takahashi et al Chem.Lett.ll (2005) 1516 
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In addressing the scientific and technological advantages of macroscopic forms of 

carbon nanotubes (CNT)， we present a rational and general method to fabricate a highly 

densely packed and aligned single walled carbon nanotube (SWNT) solid material by 

utilizing a liquid唱 inducedcollapse of millimeter-scale tall， vertically aligned SWNT 

forests [1]. Characterization reveals that this “zippering" process packs the individual 

tubes to near ideal spacing thus creating a bulk CNT material， which we call the 

“S¥¥明Tsolid." The solid enhances the bulk physical properties， such as mass density 

and hardness while retaining the in仕insicproperties of SWNTs， such as electrical 

conductivity， flexibility， and surface area. Furthermore， by controlling the fabrication 

process， it is possible to fabricate a wide variety of solid structures from aligned solid 

sheets to high aspect ratios as well as a completely new solid/as-grown hybrid material. 

These unique characters make the SWNT solid a valuable material as flexible， 

conductingラ highsurface area applications， such as supercapacitor electrodes and 

flexible heaters. Moreoverラ thehybrid material opens new avenues for the robust 

mechanical and/or electrical attachment of as-grown material for the scientific studies of 

the physical properties of the SWNT forest， such as its tribologyラ andits applications 

toward low-wear electrical connections. For these reasonsラ theSWNT solid promises to 

open new frontiers in within the carbon nanotube field. 

References: 
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We dernonstrated electron transfer (ET) through single-walled carbon nanotubes 
(SWNTs) between two different redox reaction sites. In Fig. A， a possible rnechanisrn is 
surnrnarized. SWNT is reduced by a reductant at the one site， and the reduced SWNT provide 
an electron to an acceptor reagent at the other site.明司lenredox proteins are ernployed as the 
reduced reagent， this ET systern could function as efficient rnicro-reactor. We can expect that 
the hydrophobic interaction of the protein surface with SWNTs would facilitate the ET frorn 
S"乃.JT.

In this studyラ theET on the as-grown SWNT sheet was surveyed by the absorption 
spectral change of the reagent (1). We selected dithionite and NaBH4 for the reductants， 
becaus~， of their low reduction potentials (Fig. B lef王).The reagents we used are ferricyanide 
(K3[Fe~γ(CN)6D and herne protein cytochrorne c (cyt c) in order to cornpare their surface 
interactions. The reduction potentials are higher than those of SWNTs that are previously 
reported (Fig. B right) (2). 

As shown in Fig. C， we dropped the reductants and the reagents separately on the 
randorn-aligned SWNT sheet (Fig. D). After pipetting the solutions for several rninutes， we 
recorded absorption spectra. Ferricyanide was not reduced by the process. We consider that 
the inorganic salt would not adsorb onto the SWNT surface (Fig. F(a)). On the contrary， the 
peaks of ferrous cyt c (Fig. E(c)) were observed， suggesting the reduction of the herne iron. 
We suppose that the ET pathway would be constructed by the contact of the hydrophobic 
dornain of cyt c (Fig. F(b )). Thus， it was found that this ET systern could be utilized for 
efficient catalysis by redox proteins. 
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Figure (A) Schematic model ofthis ET system. (B) Reduction potentials ofreductants， SWNT and the reagents. The reaction co凹dinateis the 
ET process through the system. (C) Experimental set up ofthe ET reaction from NaBH， to ferric cyt c. An arrow indicates the dire唱tionofET 
(D) SEM image ofthe SWNT sheet. The alignment of出eS¥¥明百 is r且.ndom.(E) Absorption spectra of cyt c. (a) reduced， (b) oxidized， and 
(c) partially reduced on the sheet. (F) Schematic view ofpossible interactions of(a) ferricyanide and (b) cyt c on the sheet 

References: 1: S剖to，T. et al. J. Phys. Chem. B 2006， 110， 5849-58531， 2: Okazaki， K. et al. Phys. Rev. B 2003， 68， 035434-1-5， 
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Applying DC electric field to the elec仕odesimmersed in a carbon nanotube 

(CNT) dispersion in anhydrous solvents electrodeposites CNTs onto the anode surface. 

Prior to the electrodeposition， CNTs are仕eatedin strong acids to afford a negative 

zeta-potential. So far， the following properties are known. (1) CNTs are strongly 

adhered to the anode surface. It requires scratching the anode to remove the CNTs. (2) 

All CNTs lie parallel to the anode surface， and form thin， straight bundles but not other 

forms of aggregates. (3) A trace amount of water in the dispersing solvents prohibits 

electrodeposition. (4) There is a high possibility that only semiconducting CNTs are 

deposited. DC elec仕ophoresismoves CNTs toward the anodeラ butis not responsible for 

deposition. We speculate that van der Waals (VDW) interaction plays an important role 

in adhesion. In order to examine this hypothesis， CNTs were electrodeposited in various 

solvents and the results were analyzed by the Lifshitz theory. 

The VDW interaction energies for pairs of colloidal bodies can be divided into 

a part that depends on geometry and another that depends on materials. The later is 

characterized by the Hamaker constant. According to the Lifshitz theory， the Hamaker 

constant is given by the differences of static dielectric constants of bodies and a medium 

as well as the dielectric permittivity of these materials at higher frequencies. If the 

contribution of the organic solvents at higher frequencies (i.e. absorbance) is much 

smaller than that of CNTs， the higher frequency term becomes independent of the 

solvent. In this case， the difference in VDW forces among various solvents is mainly 

determined by the static dielec仕icconstants. The electrodeposited density was fitted by 

the Lifshitz theory and the dielectric constant of (semiconducting) CNTs was estimated. 
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Since Tsukagoshi et al. has reported magnetoresistance (MR) of multi-walled carbon 
nanotube (M¥¥明T)in 1999 [1]ラ carbonnanotubes (CNTs) attracts much attention as one of 
the pivotal molecules for novel molecular spin devices. However， in spite of many reports on 
MR in some molecular spin devices， it is still controversial that whether the observed MR was 
induced by magnetization reversal of electrodes or they were only spurious signals. To realize 
spin devices using CNTs， such a controversial problem should be solved， and we believe， so 
far， that this problem is ascribable to high contact resistance which can induce spurious 

signals between ferromagnetic electrodes. 
A non-local 4-terminal MR measurement method， which provides highly reliable MR 

observation by bypassing above mentioned problems， has been originally proposed by Jedema 
et al. [2]. This method enables us to detect a difference of chemical potential of spin current 
(not electric current) between two electrodes because of decoupling of charge and spin， and 
we can bypass the problem of large contact resistance. Thus， we 
applied this method to our molecular spin-valve system， as follows. 

Four ferromagnetic electrodes were deposited on SWNTs 
(Fig. 1). An electric current is injected from electrode 2 (el 2) to el 
1. Whilst the charge current anisotropically f10ws from el 2 to el 1， 
spin current diffuses isotropically from el 2 to both el 1 and el 4. 
Hence， a voltage which corresponds to a difference of chemical 
potential of the spin current is generated. By applying a magnetic 

field (B in Fig.1)ラ wecan control the direction of magnetization Fig. 1 An SEM image of a 

of the electrodes (el 2and el 3)because of a difference of SWNT spin valve. 
coercive force in e12 and e13. As a result， el 3 can behave Non~o~~Î M~a~:;~~~~~-3.6-K. 10 nA 
as a spin detector and the difference of the chemical 610-

5 

potential of the spin current between el 3 and el 4 r-5 10-5 

can be detected， which can be a direct proof of spin 云410-5

i吋ection into the SWNTs. Fig. 2 shows the 宮内山5

obtained result in this SWNT spin-valve， and a 雪山
hysteresis of the resistance at around土300Oe ー210"

was observed. The observed MR ratio was 吉 110-
5 

estimated to be about 3 % at 3.6 K. Detailed ~ 。
E 
o -1 10-5 analyses will be implemented in the presentation. 

-2 10-5 
References:[1]Tsukagoshi et al. NATU虹 401 572-574 
(1999) [2]Jedema et al. NATURE 416 713-726 (2002) -2000-1500-1000 -500 0 500 1000 1500 2000 
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The formation of many carbon nanotube (CNT) tips with small diameters on the surface of 
thick CNTs was investigated to improve the field-emission uniformity of a CNT emitter. A 
CNT layer was first grown on a metal substrate by thermal-chemical vapor deposition (CVD). 
CNTs in the layer were multiwalled nanotubes with diameters of 30-50 nm and formed a 
weblike network structure. A metal catalyst， iron， was then vacuum-deposited on the CNT 
layer， and secondary thin CNTs with diameters of 5-10 nm were formed from the catalyst 
partic1es attached to the surface of primary CNTs by thermal-CVD. The field emission from 
the low density CNT layer with the secondary CNTs showed an improvement in emission 
characteristics. 

Fig.l SEM images of CNT layer after second 

CVD with Fe catalyst deposition. 
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Fig.2 Field-emission characteristics of CNT layers. The 

spacing between the anode and CNT layer was 0.3 

mm. The I-V curves for (a) high density CNT layer 

and (b) low density CNT layer， with secondary 

CNTs. 
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We have reported in the last Symposium about a micro-focused X-ray source with a carbon nanotube 

(CNT) fie1d emitter and a simple electrostatic lens [1]. In this paper， we modified the electron optical 

system in order to improve a resolution of X-ray transmission image and penetrating power. As a 

focusing lens for electron beam emitted from CNT bundle field emitter， a new electrostatic lens of 

But1er type [2] was designed by taken into account a potential distributions and trajectories of 

e1ectrons. Since a magnification ofthis lens was 1/5， a beam diameter on a Cu anode was expected a 

few micrometers. The maximum accelerating voltage of electron beam was increased up to 60 kV 

from 15 kV ofbefore the modification. Figure 1 shows the X-ray transmission images oftwo LSIs 

with a polymer package taken at 23 kV The白nestructures， e.g.， the read flame pa口emin Fig.(a) and 

the bonding wires with a diameter of 30μm in Fig.(b)， were c1ear1y resolved. It is suggested that the 

micro-focused X-ray source we developed is suitable for a high resolution X四 rayradiography. This 

work has been supported by the Japanese Ministrγof Education， Culture， Sports， Science and 

Technology for the Cooperation of Innovative Technology and Advanced Research in Evolution 

Area project， and for the foundation ofGrant-in aid for Scientific Research (B)， No. 18360023. 

Fig. 1 X-ray transmission images oftwo LSIs with a polymer package taken at 23 kV 

[1] K. Kawakita atel: Abst. of The 30th Fullerene-Nanotubes Genera1 Symp.， 2P-44 (2006). 

[2] E. Munro: Proc.伊 EuropeanCongress on Electron Microscopy， p22 (1972)・
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FE-SEM equipped with carbon related material cathode such as carbon nanotubes and graphite 

nanoneedles have been reported by several authors [1]. We are developing a compact FE-SEM equipped 

with a multiwall carbon nanotubes (MWNTs) bundle cathode and a Butler electrostatic lens as a condenser 

lens. The preliminary results are reported in this paper. Figure 1 shows a schematic diagram of the compact 

FE-SEM. A MWNTs bundle cathode was produced by arc discharge in helium gas. A Butler lens consisted 

of an extraction and a focusing electrode was placed in front of the MWNTs bundle cathode. To obtain a 

fine probe beam， the electron beam passing through the Butler lens was focused by means of an objective 

lens made of a permanent magnet. The adoption of these two lenses brought about downsizing to our 

FE-SEM column， and a distance between cathode and sample stage was only 192mm. Figure 2 shows a 

SEM image of a Cu 200 mesh with 25μm line width taken at an acceleration voltage of 15kV Whereas the 

order of base pressure was 10-5Torr which was poor vacuum for field emission， lines of the Cu 200 mesh 

are perfectly resolved and a fiber-like object with ca. 2μm width indicated by an arrow can also be 

observed. 

This work has been supported by the Japanese Ministry of Education， Culture， Sports， Science and 

Technology for the Cooperation of Innovative Technology and Advanced Research in Evolution Area 

Project， and for the foundation of Grant-in aid for Scientific Research (B)， No. 18360023. 
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Fig. 1 Schematic diagram of our compact FE-SEM 

200μm 

Fig. 2 SEM image of a Cu 200 mesh 

Acceleration voltage: 15kV 

[1] T. Matsumoto， Y. Neo， H. Mimura: Appl. Phys. Lett. 88， 073511 (2006). 

Corresponding Author: R. Yabushita， TEL & FAX: +81-59-231-9404， E-mail: 

-172 -



2P-58 

Safety Evaluation of Fullerenes for Skin Application and Clinical Skin 
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Basic safety testing results of Fullerenes (“BioFullerene⑮"  cosmetic grade) were 

reported [1]. Additional range of diverse safety studies of Fullerenes on the basis of Good 

Laboratory Practice (GLP: No.21， Mar/26ラ 1997)，Standards for practical skin application and 

the succeeded clinical evaluation of Fullerenes complex (“Radical Sponge⑧"， water-soluble 

cosmetic ingredient) were carried out. 

Primary Dermal Irritation Study: Fullerene was moistened with the propylene glycol， 

and it was exposed for 24 hour-occluded application) over the Japanese white rabbit skin. In 

the result， it is concluded that fullerene has no irritation potential under the condition. 14-Day 

Cumulative Skin Irritation Study: 10w/v%白llerenesuspended with propylene glycol was 

applied to rabbit skin once a day for 14 days. It is concluded fullerene induced no cumulative 

skin irritation. Phototoxicity test: When 25w/v%白llerenesuspended with propylene glycol 

was applied and irradiated ultraviolet ray (UVA 11.2 J/cm2) to guinea pigsラ nocontact 

phototoxicity was observed. Adjuvant and Patch test: 50 and 25w/v%白llerenesuspended 

with propylene glycol were used for the induction treatments and challenge， respectively， 

using guinea pigs. Fullerene has no skin sensitization potential. Adjuvant and Strip test: On 

equal terms with Adjuvant and Patch testラ addedirradiation ultraviolet ray (UVA 11.2 J/cm
2
). 

the results showed that fullerene was not considered to be skin photosensitization potential. 

Clinical test: Fullerenes complex was applied to more than 30 patients for the 

evaluation of its skin lightning effects. The observation showed such as 94% of patients 

achieve fine and lighter skin tone after its 6 weeks application 

References 
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Fullerenes typified by C60 have hollow caged structure and can make compounds by 

trapping some atoms or molecules in the cages， which are called as endohedral fullerenes. 
Especiallyラ thenitrogen atom encapsulated fullerene (N@C60) has characteristic features as 

novel materials for quantum computer， and has been formed by using some methods [1，2]. 

However， N@C60 formation efficiency is extremely low， and the N@C60 formation 

mechanism has not been clarified in detail. 

Here， the formation of N@C60 is performed by using an electron cyclotron resonance 

(ECR) plasma as a nitrogen-ion source [3]. The nitrogen ions in the ECR plasma diffuse to a 

DC-voltage applied cupper substrate and are accelerated by an electric field in front of the 

subs仕ate.C60 evaporated by an oven is deposited on the substrate. Thusラthenitrogen ions are 

continuously irradiated to the C60 thin film. Typical values of plasma density and electron 

temperature in a process region are 109 cm-3 and 0.5 eV， respectively. 

The C60 thin film after nitrogen ion irradiation is analyzed by electron spin resonance 

(ESR)， and indicates a very clear hyperfine-split electron paramagnetic resonance spectrum 

that seems to originate from N@C60・Itis found that the ratio of N@C60 to C60 in the sample 

has a dependence on the energy of the irradiated ion and the optimum condition exists around 

the ion energy of 20-40 e V. The optimum ion energy for the N@C60 formation is related to the 

energy barrier for kinetic penetration of the N atom through the fullerene 合ameworkラ which

has been estimated to be about 20 eV [4]. In addition， the ratio of N@C60 to C60 can be 

improved by controlling an ion current flowing to the substrate， i.e.， the amount of the 
irradiated ni仕ogenions to the deposited C60 on the substrate. When the evaporated C60 is 600 

mg per hour， the optimum ion current is found to be 6 mA. 

[1] B. Pietzak， M. Waiblinger， T. A. Murphy， A. Weidinger， M. Hohne， E. Dietel and A. Hirsch， Chem. Phys. Lett.， 

279，259 (1997). 

[2] H. Huang， M. Ata and M. Ramm， Chem. Comm.， 2076 (2002). 

[3] S. Abe， G. Sato， T. Kaneko， T. Hirata， R. Hatakeyama， K. Yokoo， S. Ono， K. Omote and Y. Kasama， Jpn. J. 

Appl. Phys.，ωbe published. 

[4] K. Lips， M. Waiblinger， B. Pietzak andA. Weidinger， Phys. Stat. Sol.， 177， 81 (2000). 
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民1ieno，T. 2-9 Murakami， Toshiya lP-31 N akamura， Genki 3-15 
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Okada， T. 3聞 19 Saito， Y. 2P-42 lP-7 
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Okazaki， Naoto lP-21 1-5 Shiba， lCiyotaka 2-2 
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lP-4 3-13 Shinohara， Hisanori 2-5 

-179 -



2-6 2P-28 3-17 

3圃 1 Suzuki， Yasunobu lS-2 1P-17 

3-2 Suzuki， Yoshishige 2-10 Tanioku， Kenji 2P-26 
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Urita， K. 2S-1 2P-38 2P-12 
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Yamada， Michio 2P-9 Yoshikawa， Yuya 1P-41 

2P-12 Yoshimura， Daisuke 3-2 

Yamada， Takeo 1-15 Yoshimura， Hideyuki 1P-22 

1P-25 Yoshimura， Shige. H. 1P-46 

1P田 26 Yoshimura， Takeshi 3-18 

1P-27 Yoshimura， Toshiaki 2P-6 
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一iω μ 金属内包フラーレン用カラム l 
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今まで分離できなかった

金属内包フラーレンが分離可能!

置分析例
COSMOSI~ Buckyprep-M 

C86 

COSMOSI~ Buckyprep 

• 15 主喜市iri)

COSMOSI~ Buckyprep-M 

C88 

COSMOSI~ Buckyprep SC2@C84(I) 

C86 

C84 • C 8 4 ¥ ¥  

/ 

(min) flc@C82(I) 

資料提供名古屋大学大学院理学研究科物質理学専攻篠原久典教授

-その他COSMOSI~ フラーレン関連カラム

フラーレン分離のスタンダードカラム 一一一一歩 COSMOSI~ Buckyprep 

C60. C70等の大量分取に 一一一~ COSMOSI~ PBB 

ナカライテスク株式会社
干604-0855 京都市中京区二条通烏丸西入東玉屋町498

詳しい情報はWebsiteをご覧下さい。

価格・納期のご照会フリーダイヤル 0120-489-552
製品に関するご照会 TEL:075-211-2703 FAX: 075-21ト2673

Web site :http:グwww.nacalai.co.jp



ゆωmistix
ナノスケールデバイスモデリングソフトウェア

Atomistix ToolKit 
数ナノメートル程度のギャップを持つ2つの電極聞に挟んだ有機分子やカーボ
ンナノチューブ、結晶などの電気伝導特性を第一原理的に計算します。
ナノテクノ口ジーを用いた材料開発やデバイス開発に大きな威力を発揮します。

密度汎関数理論を用いて電子状

態を第一原理的に計算します。

従来型の分子軌道計算やバンド

計算だけでなく、非平衡グリーン

関数の技法を組み合わせること

で、電極聞にバイアス電圧が印

加された非平衡状態の取り扱い

を実現しました。

ハ
ミ

D
 

密
度
行
列

ル
ト
ニ
ア
ン

H
1
 

v 
透過係数、コンダクタンス、電流 etc.

Virtual NanoLab 
Virtual NanoLabはAtomistixToolKitのためのユーザーフレンドリーな
操作環境です。モテ、ルのセットアップから計算の実行、結果の表示まで行う

ことができます。

Virtual NanoLabを用いれば、

Atomistix ToolKitをイ吏用した計

算をGUIを使って簡便に行うことが

できます。結晶やカーボンナノチュ

ーブの構造を作成するツール、 2つ

の電極聞に構造物を挟み2プロー

ブ系をセットアップするツール、分

子構造や波動関数、電子密度等を

可視化するためのツールなどが実

装されています。

※会社名、製品名は各社の商標または登録商標です。

30日間無料評価版貸し出し中!
警イパ事守谷システム株式輩社新事業推進室

干112一0012東京都文京区大塚2-15-6ニッセイ音羽ピル
Tel: 03-5978-5676 Fax: 03-5978-5976 
atomistix-info@cybernet.cojp 

l 肌 Tつくる情 熱 を 支 え る 情 熱 | 



側東京プログレスシステム

住所:107-0052東京都港区赤坂 2-17-68-502

電話:03-5570-0457FAX:03-5570-0462 

URL: http://www.tokyoprogress.co.jp 

営 業 品 目

。安定同位体 Si，S， V， Cr， Fe， Ni， Zn，---Pt， Hg， Tlなど約 50種類

。ダイヤモンド粉末・その他の超硬材料

1.爆発ダイヤモンド(00)-黒鉛に爆薬の爆発による圧力をかけ、合成する。粒子は多結晶

体で研磨に最適と言われている。

2.超分散ダイヤモンド(UOO)爆薬 TNTの分子中の炭素が爆発による高温・高圧下で

ダイヤモンドに変わったものO 粒径は30"-'50ナノのクラスターになっている。エレクトロニ

クス産業での高精度研磨・表面処理の用途が近年開発されている。

3.静圧合成ダイヤモンド(工業用ダイヤモンド)黒鉛に約5万気圧・1300
0
C以上の圧力を

かけて合成したダイヤモンドを粉砕したもの。

4.その他研磨用ダイヤモンドペースト・BN・CBNなど

。フラーレン誘導体

No.3水酸化フラーレン:C60 OH24 
No.4安定同位体置換フラーレン C60:C60， 99% C13， 20"-'30% 

No.5安定同位体置換フラーレン C70:C70， 98% C13， 20"-'30% 

No.6安定同位体置換フラーレン C60とC70の混合物 C13，20"-'30% 

No.9 フッイじフラーレン:C60F36， 99% 

NO.10 高次フラーレン混合物 C76，C78， C80， C84 

No.16メタフラーレンカルボン酸:

C60CHCOOH(1.2-methanbo乱lllerenC60)-61-carboxylicacid 

NO.17 Bucky Fullerene -molecular hybrid C60 with Ferrocene: 

[η5 (C5H5) 2 Fe J2*C60 

No.18 Bucky Cobaltocene -ionic hybrid C60 with Cobaltocene:η5 (C5H5) 2 Co*C60 

NO.22アミノカプロン酸 Naフラーレン

Type A: C60HNH(CH2)3 COONa 

Type B: C60HNH(CH2)5 COONa 

No.23ビスマロン酸エチルフラーレン:C60C(COOEt)2 

No.24ビスマロン酸ジエチルフラーレン:C60[C(COOEt)2JZ 

No.26フラーレン・ブロマイド:C60Br24 
No.31 PCBM (mixture of isomeric 6，6-PhenylC71-butyl acid methyl esters) 

くForplastic solar cells> 

No.32フッイ七フラーレン:C60 F40 

。三2血翻訳く英語・ドイツ語・フランス語・ロシア語など〉・技術調査



.FAXでの資料請求IcI:→075・321・6621

株::P..Ajo.....冊場fJilJJII::所柑〒6山 10京都市南区吉祥院宮の東町 2TEL(日間同21ヱ，¥'z玄生工H暗 号是TF町.仙台(位2)308-7回0 ・つくば(位制56四 1 ・東京(閃)3861-8231
.横浜(045)45ト2091 ・名古屋(口52)936-5781 .大阪 06)6390-8011
.広島(082)288-4433 .愛媛(089η34-8143 .福岡(09幻472-5041

1科学システム嘗業部 I03-3861-8234 http://www.jyhoriba.jp 

;操縦属機極通機騒量制-



一一一J¥イオの技術をナノテクヘ
⑨ 

実施例 燃料電池用触媒評価、カーボンナノチューブ、の分散。

特徴

・密閉処理 -再現性良好
溶媒の蒸発・揮散がありません。
コンタミがありません。

回転機構の採用により均一な超音波照射が可能です。

ナノリスク対策に対応可能0

・多試料同時処理 -多彩なラインアップ
最大24試料を同時に処理できます。 汎用機か5ハイパワー機および連続処理機をご用意していまま日

連続式NANORUPTOR(NR-2028) 

ノ、イHワ NANORUPTOR(NR-300) B I ORUPTOR (UGW-201) 密閉容器

お問い合わせ先
販売

]スE"パ.イオ株式会社
干135-∞16東京都江東区東陽2-2-20東陽駅前ビル

URL:http://www.cosmobio.co.jp 
TEL (03) 5632-961 0 FAX (03) 5632-9619 

営業本部栗原 mkurihar@cosmobio.co.jp

開発部 笹原 ksasahar@cosmobio.co.jp

製造

率東湘電機株式会社
干232-0027神奈川県横浜市南区新川町5-29-2新井ビル2F

技術部長伊藤
e-mail:k-ito@bioruptor.jp 
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ゼータ電位・粒径測定システ

~[L~口Z series 

2∞6年11月15日(水)

日本薬学会館長井記念ホール(東京・渋谷)

~、、過，
大塚電子株式会社はテュフジャパンより、
IS09001の認証を取得しています。

大塚電子林武会社
.本 社

.東京支庖

〒573-1132大阪府枚方市招提田近3丁目26-3

干192-0082東京都八王子市東町1-6橋完LKビル4F
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額島津製作所
http://www.shimadzu.co.jp 

カーボンナノチュ

多面的評価法につい

東京支社分析計測事業部事業戦略室マーケテイングG

東京都千代田区神田錦町1-3

TEL03-3219-5633 FAX03-3219-5557 
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製品名 11 -~!H91H霊-
HlI.:lil山sProduced (未精製品) 11 -< 35 wt% 

HiPco@ Puri刷 (精製品) 11 -E置"，，41'..
H 阿 Pure 超高純度品) 11 -<冨IIII・

本件に関するお問合せ先

住友商事株式会社電子材部(担当:小野/青木)

E-mail: nano@em.sumitomocorp.co.jp 
TEL : 03-5166-5857 FAX: 03-5166-6234 
住所 :干104司 8610東京都中央区晴海1-8・11

URL www.sumitomocorp圃cO.jp/section/joho/nanotube.shtml





:品開窓口::;房事語亙面函程調官官zattp
間半導体工場ハンドブック2006;鯖詩監:円本体3，000円)

縁関脇・PDP・ELメ十計画総鰐野鞄認翠:ZHOOD円)

伊アジア半導体/踊ハンドブック2005~諸君撤去盟
問化合物半導体最前線2005噌器購
伊半導体産業会社録型野盟諸皇官官ヰ)

プリント回路メーカー総覧型野言語控室害覇軍体16.000円)

間 l半導体産業計画総覧堅田P器禁;zt;::る

日本半導体IFPDベンチャー年盤2006~整沼苦器禁0.000円)
開燃料電池産業総覧 言替者51T7fLWOOD円



1. '7ラーレン混合物 (C60:70%，C70:25%， High Fullerene:5九)
2. フラーレンC60

純度 >99% 

3. フラーレンC70
純度

>99.5九
>99.98% 

Sublimed 

>99% 
>99% 

>99.5% 

Sublimed 
4. SWナノチューブ、(20-40九)クローズドエンド

5. SWナノチューブ‘(50%一70%)クローズドエンド
6. SWナノチューブ、(70......80%)

50......60%がオープンエンド
7. MWナノチューブ、(95%)クローズドエンド
8. MWナノチューブ、(70......80九)

50......60%がオープンエンド
9. MWナノチューブ、(85......90%)

95%以上がオープンエンド
*High Fullerenes 95% 
C76 
C78 
C84>95% 
C6099.9%(OH)n n=22-26 
C6099.9%(OH)n n=22-26 

*Bucky Ferrocene-molecular hybrid C60 w/ Ferrocene 

棟式会社マツボー
東京都港区虎ノ門3-8-21

電話 03-5472-1723

FAX 03-5472-1720 

email: fulen@matsubo.cojp 

本ページ未掲載の種類のフラーレン・ナノチューブを
ご希望の場合はメーカーに問合わせますので
お申し付け下さい。

*C60， 70の純度はHPLCにより測定されています。

fη5一(C5H山Fe} *C60 

*Bucky Cobaltocene-ionic hybrid C60 w/ Cobaltocene 

(η5-C5H5)2C02*C60 

*Complex C60 w/ Pt: (h2-C60)Pt(PPha)2 

*Complex C60 w/ Fe: (h2-C60)Fe(Co)4 

*Complex C60 w/ Ni: C60 (h3-CsHs)Ni(h5-CsHs)2 

*Mixture of isomers C60F36 
*20-30%C 13enrichedC60=99.0% 

本HigherOrder Mixed Fullerenes(C76，78，84) 
本NewEndohedral Metallofullerene Gd@C82 

*Halogenated Fullerenes 
1.C60Br24 

2.C60C16 
3.C60Br8Br2 
4.Mixtures of isomers of C60F36 

(w/ Aminocapron 
(50mg/mO 

(A)C60(H)NH(CH2)5COO-NA+ 

(B)C60(H)NH(CH2)3COO-NA + 

*PCBM(6，6-Phenyl-C61-Butyl acid-Methylester) 
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CVD+PECVDカーボンナノチュープ成長装置 by Cambridge Universi/y 

日本総代理屈アプリオリ株式会社 Tel:03-5296-5521・FAX:03-5296-5525
E-Mail: info @apriori.cojp http:// www. apriori.cojp 
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iX455発売配念

キャンペーン
2005年

￥141，700 

格
一
即

座
制

ペ一肌
ぺ一民主

-u

キ一

￥700，000 
キャンペーン価格

￥1，360，000 
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曽・A
一'・
A

一i
、

￥
一
￥
一
如

￥1 ，250~000 

キャンペーン価格

STP-H301CS 

ケーブル 5m

合計金額

タ

ー

ボ

分

子

ポ

プ

ン
PT64YOAlO 

PT64、-VOZOO
PT64WIZ00 

PT640Z060 

￥160，000 

￥5，000 

￥62，000 
￥204，840 

電源ケーブル

APGX-L-NWI6 SS 

140013120 

D02377000 

￥99，200 AIl¥ιSNW25 D14641000 

￥1 3m ケーブル

合計金額

D40001030 

上記価格lこは消費税はふくまれませんIキャンペーン期間]
-2006年 9月30日

この機会I~是非ご検討下さい。大変お買い得な価格になっておりますので

憲

E-mail: info@ailin・va.com
干452.0961愛知県西春H井郡春H町落合東出81

TEL: 052-401-2061 FAX: 052・401・6960

良井松代表取締役

事士本

融茸曾祖r"~こ』真空
AIL!N VACiJUM 

関東営業所干349-0101埼玉県蓮田市黒浜3393-1

TEL: 048・769幽7011 FAX: 048-769司7483



フロンティアカーボン株式
大量製造販売しているオン
na尚omフラーレンサンプJ明?ニ霊

銘柄

nanom mlx 

混合フラーレン

nanon市旦旦rple

フラーレンC60

nanom oranae 

フラーレンC70

nanom soectra 
0100 

水酸化フラーレン

nanon司soectra
A100 

水素化フラーレン

nanon司soectra
E100 
PCBM 

nanon司soectra
8100 

酸化フラーレン

nanon司black

分子構造 主な組成・特性

C60:約60免

C70:約25覧

その他:高次フラーレン

50g 

取扱数量| 販売価格

25.000円

10g 6.000円

10g I 30.000円

均
一
也
一
抱
一
向
一

u一
向
一
同

25.000円

8.0∞円

10.∞0円

8.000円

15.000円

12.000円

40.0∞円

50伽Ig 30.0∞円

2g 20. 

19 12.000円

24.000円

19 15.000円

65.∞0円

C60(0) 1: 約4側 19

C60(0)2: 約30官

その他 C60.三酸化体以上| 町

25.∞0円

2g 

19 

I 50伽g

フラーレン類似構造を有する

特殊な煤

炭素含有量:96.0略以上

100g 

10g 

上記価格には消費税、送料は含まれておりません。別途申し受けます。

C60:99覧以よ(HPLC面積覧)

斤ジy、'A

… 
札HJゲ

C60:99.硝以上(HPLC面積事)

昇華輔製品

C70:97賞以上倒PLC面積免)

C60(1側)n n=約10(lS)

C60(H)n n=約抑制S)



会社は、フラ

リーワンカンパ
-
--

レンを
ーです

【開発・製造元I

-・.nanom 

三菱商事株式会棋誌日本におけるフラーレン物質・製造特許
(特許第280232豪華善)の専用実施権を保有しております

お客様からのリクエストに
場が余裕をもって対応致します

三菱化学グループの総合力で商品質で
安定したフラーレン nanom@を供給致します

エミッションを目指した製造プロセスで
地域社会・環境に配慮しています

【問い合わせ先1

e e e Frontier Carbon Corporation 4捗第一実袈犠宝章容社
新規事業推進室(担当:原)ーボン株式会社

東京都中央区京橋1-8・7
ビル5F

03-5159-6880 FAX. 03-5159-6872 

〒102・0084東京都千代田区二番町11番19号
興和二番町ピル
TEし03・5214・8614FAX.03-5214・8501



| ナノテク材料は進化しつづけている.

C13安定同位体置換C60フラーレン(99%)

C13安定同位体置換C70フラーレン(98%)

水溶性C60CHCOOH、水溶性C60(OH)n n=22-26 

水溶性C60(H)NH (CH2)5COONA 

C60H367ラーレン、C60F367ラーレン、Anti-HIVフラーレン

Gd@C82金属内包フラーレン、La@C82金属内包フラーレン

(60) PCBM (Phenyl C61 Butyric Acid Methyl Ester 99.5%) 

(70) PCBM (Phenyl C71 Butyric Acid Methyl Ester 99.0%) 

ハイブリッドC607エロセン、ハイブリッドC60コパJレトセン

C60・Ptフラーレン、C60・Feフラーレン、C60・Niフラーレン

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 Nano自ber，C60Br24， C76， C78， C84， C86 

SWNT-COOH， puri自ed(70-80%)

SWNT-NH2， purified (70・80%)

SWNT-CONH-C1SH37， purified(70・80%)

SWNT-COO-R・OH(2-5% rpynn) 

Shorted SWNT-COOH， purity 90%， length 200-500 nm 

Shorted SWNT-NH2， purity 90%， length 200・500nm 

Shorted (200・500nm) SWNT圃 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 wall CNT)， 20・30%purity， 3-5nm 

DWNT (double wall CNT)， 90% purity， 140nm 

Compounds， Elements 

Single-Metal Oxides 

Multi-Metal Oxides 

Nano・WirePowders 

Particles: MOS2， Cr03， Hgl2 (alpha帽&Beta-): Diamond Abrasive: <50nm， <100nm， <200nm， <250nm， 

<500nm， 200・400nm，<1um: Graphite: 15，000 mesh， 10，000 mesh. 

Nanowires(Diameter ~100nm ， L=~1之um): Si， Ga， Bi， InP， GaP， II-VI compounds. 

Composite particles: Dropped， shelled， & cored metals/oxides like Ag/Si02 core<1 OOnm圃

Coated particles: Surfacants on oxides， or Metals. 

Shorter length CNTs: 0.5um (SWNTs， MWCNTs)， 5um (more easily dispersible). 

SWNTs， MWNTs surface funcationized with ・COOH

Closed SWNT 50-70% 
Open SWNT90% 

MWNT (Aligned) 

95%+00: 10-20nm 

Carbon Nano Fibers 

00: 240-500nm 
00: 80-200nm 
00: 40・80nm

ナノスベクトライザー

(Applied Nano Fluorescence社)

米国ライス大学ワイズマン教授
が開発した単層カーボンナノ
チューブ測定器。

ナノチューブ/フラーレン

高純度95%多層カーボンナノチューブ
高純度95%単層カーボンナノチューブ、

140nm大口径カーボンナノチューブ
2層カーボンナノチューブ、

ナノホーン

SWNT-COOH 
SWNT-NH2 
SWNT -CONH-C1SH37 
SWNT-COO-R-OH 
Shorted SWNT 

00: 240-500nm (graphitized) 

水溶性SWNTアミノ酸
[60]PCBMフラーレン
[70]PCBMフラーレン

アミノC60誘導体フラーレン

SC3N@C80 
LU3N@C80 
Y3N@C80 
Er3N@C80 
La@C80 

上記以外にも様々な理化学研究機器・材料を取り扱っております。詳しくは下記までお問い合わせ下さい。

Jword検索でアドレスJ(ーか5日本語で簡単アクセス!

[ナノテクノロジー1=今 http://www.scilab.co.jp/
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