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Nanomaterials (lr)~ ALDRICH@ 

An n-channel organic semiconductor. For use as an n-type layer in organic photovoltaic devices. 

Soluble in CCI4， 1，2-dichlorobenzene， CS2， toluene， xylenes. 

<Reference> 

Frisbie， C.O.; et. al. Chem. Mater. 16，4436， (2004) Anthopoulos， T.O.; et. al.， Adv. Mater. 16，2174， (2004) 

直径

長さ

不純物

110幽 170nm 

5-9μm 

Fe: <0.1% 

s[J'i'l剖.. walled Nanotubes I.例制閥的問仇
65，248・2
SWNT純度
直径

長さ
ODA含有量

金属含有量

溶解性

10mg￥40，000 

80-90 % 
2-8 nm 

500 -1000 nm， bundles 
30 -40wt.% 
4% 

THF，1，2・Dichlorobenzene，CS2ミ1mg/ml 

ベンゼン、トルエン、クロロホルムにも溶解

a)f¥Iiyogi， S et aL Accts. Chem. Res. 2002， 35， 1105. 

ナノ材料の最華刑育報は

こちらからダウンロード

できます。

www.sigma-aldrich.co.jp/ 

aldrich/nanopowder/ 

63，923幽O
SWNT純度
ポ1)マー含有量

ポリマ一平均分子量

直径
長さ

溶解性

50mg￥41，300 
70 -85 % c) 

65wt.% 
Mw400-600 
1.1 nm 
500 -1000 nm 
ト~20 = 5.0 mg/ml， DMF = 0.1 mg/ml， 
Ethanol = 0.05 mg/ml 

b) Zhao， B. et aL Adv. Funct. Mater. 2004， 14， No. 1， 71-76 
Zhao， B. et aL J. Am. Chem. Soc. 2005， 127，8197 

OCH3 

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

65，247・4
SWNT純度
直径

長さ

ポリマー含有量

ポリマ一平均分子量
金属含有量

溶解性

10mg￥40，000 

80-90 % 
4-5 nm 

500 -600 nm， bundles 
30wt.% 

Mw840ぺ0.000.000
6% 

H20 = 5.0 mg/ml 

Iw哨"T't'i.\.'W1側側帆崎明~
65，249・0
SWNT純度
直径

長さ

カルボン酸含有量
金属含有量

250mg￥44，400; 19 ￥144，000 
80-90 % 
4-5 nm 
500 -1500 nm， bundles 
3必 atomic%
ふ10% 

65，251-2 
SWNT純度
直径
長さ

51，930・8
SWNT純度
直径
長さ

63，679・7
SWNT純度
直後
長さ

58，970・5
SWNT純度
直径

250mg￥46，600; 19￥151，200 
90+% 
。目8-1.6nm 
< 0.5μm 

250mg￥13，200; 1 9 ￥41，700 
50-70 % 
1.2 -1.5 nm 
2-5μm 

250mg￥28，600; 19 ￥89，000 
50+% 
1-2nm 
0.5 -100μn 

19￥23，100; 5g￥88，300 
12+% 
0.9-1.2 nm 

溶解性 DMF = 1.0 mg/ml， H20 = 0.1 mg/ml 長さ 10 -30μm 

新製品情報はhttp://www.sigma・剖drich.co.jp/aldrich/MS/から
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9: 
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13: 201 

13: 501 

14: 501 

16: 051 

18: 

プログラム早見表

一般講演3件
(ナノチューブの物性)
9:50-10:35 

10:35-10:50 

一般講演5件
(ナノチューブ、の物性)

10:50-12:05 

特別講演2(岡本博)
13:20-13・50

一般講演3件
(ナノチューブ、の物性)

13: 50-14・35

14 : 35 -14 : 50 

一般講演5件
(内包ナノチューブ、3件、ナノ
ホーン1件、その他1件)
14: 50-16 : 05 

ポスタープレピ、ユー

1分x48件
16 : 05 -1 6 : 55 

ポスターセッション
16:55-18:25 

1月7日(土)
チュートリアJレ103講義室
15 : 00 -16 : 30 
講師村山英樹
(フロンティアカーボン(株)
副社長、開発センター

特別講演3(Ales Mrzel) 
9:00-9:30 

特別講演5(畠賢治 19:00 
9:00-9・30

一般講演3件 一般講演3件 19:30 

(金属内包フラーレン)
9:30-10:15 

休憩 10:15 -10: 30 

一般講演3件
(金属内包フラーレン)
10: 30-11・15

一般講演3件
(フラーレンの化学)
11・15-12:00

(ナノチューブ:生成と精製)
9:30-10:15 

休憩 10:15 -10: 30 

昼食 (12:00-13:20)

授賞式
特別講演6(河合孝純)

13: 20-13: 50 
13: 20-13: 50 

特別講演4(橋本久義) 一般講演3件
(ナノチューブ、応用1件、ナノ13・50-14:20
チューブ、の物性2件)

一般講演3件 13:50'"""14:35 

(炭素ナノ粒子)
ポスタープレビュー14 : 20 .......15 : 05 
1分X44件

休 憩 15: 05 -15 : 20 14: 35-15: 25 

一般講演2件(フラーレン固体)1 
15: 20'""" 15: 50 

ポスタープレピ、ュー
1分x49件
15: 50-16 : 40 

ポスターセッション
16:40-18: 10 

ポスターセッション
15:25-16:55 

18:30-懇親会 基調講演発表35分質疑5分

1 

特別講演発表25分質疑5分
一般講演発表10分質疑5分

ポスタープレピ、ユ一発表1分質疑なし

12:00 

113:20 

114・35

115: 25 

116: 55 



TIME TABLE 

Special Lecture (Ales Mrzel) Special Lecture (Hata) 19:00 

Plenary Lecture (Osawa) 9:00-9・30 9・00-9:30 

9:05-9:50 General LectureL3J 19: 30 General Lecture[3] 
(Metallofullerenes) 

(Formation and Purification 

General Lecture[3] 9:30-10:15 
of Nanotubes) 

(Properties of Nanotubes) 9:30-10: 15 

9:50-10:35 B 

8reak 10: 35-10・50 General Lecture[3] 
General LectureL3 10:30 

(Metallofullerenes) 
(Formation and Purification 

10:30-11:15 
of Nanotubes， Application 

General lecture[5] 
Nanotubes) 10: 30-11 : 15 

(Properties of Nanotubes) General Lecture[3] General Lecture[3] 111 : 15 

10・50-12:05 (Chemistry of Fullerenes) (Application of Nanotubes) 
11:15-12・00 11 : 15-12: 00 

12: 051 
12圃00

Lunch (12:05-13:20) Lunch (12:00-13: 20) 

13 : 201 Special Lecture (Okamoto) Awards Ceremony Special Lectu削 Kawai) 113: 20 

t 
13・20-13:50 13・20-13:50 1 3 : 20 -13 : 50 

目

General Lecture[3] 
;::，peclal Lecture General Lecture[3] 

(Properties of Nanotubes) 
(Hashimoto) 13 : (Application of Nanotubes， 
50-14.20 Properties of Nanotubes) 

13:50-14・35
General Lecture[3] 13: 50-14: 35 

8reak 14:35-14:50 (Carbon Nanoparticles) 
Poster Preview 

114: 35 

14: 501 14: 20-15 : 05 
1min x [44] 

General Lecture[5] 8reak 15:05-15:20 14: 35-15: 25 
(Endohedral Nanotubes， 

Nanohornsい 11…s)I 宅固守_..、..、咽. -、d、'‘，、a・、'C'ー」 115: 25 CFullerene Solids) 
14:50-16:05 15: 20""" 15: 50 

16: 051 
Poster Preview Poster Session 

Poster Preview 
1min x [49] 15: 25-16: 55 

1min x [48] 
15・50-16:40 

16 : 05 -16 : 55 

Poster Session 

Poster Session 
16・40-18:10 

16: 55-18: 25 

Sat. Jan. 7 18: 30-Banquet 
T utorial 103 Plenary Lecture 35min presentation， 5min discussion 
15: 00-16: 30 Special Lecture 25min presentation， 5min discussion 

General Lectures 10min presentation， 5min discussion 
Poster Preview 1 min presentation， No discussion 

11 



座長一覧

1月7日(土) (敬称略)

時 間 座 長

基調講演(大津) 9:05"'" 9:50 篠原久典

一般講演 9:50 ，...， 10:35 大野雄高

一般講演 1 0 : 50 ，...， 1 2 : 05 岡崎俊也

特別講演(岡本) 1 3 : 20 ，...， 1 3 : 50 岩佐義宏

一般講演 13 : 50 ，...， 14: 35 丸山茂夫

一般講演 14 : 50 ，...， 1 6 : 05 坂東俊治

ポスタープレビュー 16:05 ，...， 16:55 村上陽一

ポスターセッション 16 : 55 ，...， 18: 25 竹延大志

1月8日(日)

時 間 座 長

特別講演(Mrzel) 9:00"'" 9:30 片浦弘道

一般講演 9: 30 ，...， 10: 15 村田靖次郎

一般講演 1 0 : 30 ，...， 11 : 15 児玉健

一般講演 11 : 1 5 ，...， 12: 00 若原孝次

特別講演(橋本) 1 3 : 50 ，...， 14: 20 黒川車

一般講演 14 : 20 ，...， 15: 05 小塩明

一般講演 1 5 : 20 ，...， 1 5 : 50 岡田晋

ポスタープレビュー 1 5 : 50 ，...， 1 6 : 40 若林知成

ポスターセッション 1 6 : 40 ，...， 18: 1 0 前田優

1月9日(月)

時 間 座 長

特別講演(畠) 9:00"'" 9:30 湯田坂雅子

一般講演 9: 30 ，...， 10: 15 秋田成司

一般講演 1 0 : 30 ，...， 11 : 1 5 吾郷浩樹

一般講演 11 : 15 ，...， 1 2 : 00 鈴木信三

特別講演(河合) 13 : 20 ，...， 13: 50 斎藤晋

一般講演 13 : 50 ，...， 14: 35 菅井俊樹

ポスタープレビュー 14: 35 ，...， 15: 25 北浦良

ポスターセッション 15 : 25 ，...， 16: 55 稲熊正康

111 



1月7日(土)

基調講演 発表35分・質疑応答5分

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

開会の辞(9: 00-9 : 05) 篠原久典

基調講演(9: 05-9 : 50) 

IS・1 ナノ炭素研究のあゆみ 大津映二

一般講演(9: 50-1 0 : 35) 

ナノチューブの物性
1・1 様々な(n.m)ナノチューブの軸垂直励起による蛍光マッピング 0宮内雄平，大場一輝，丸山茂夫 勺

f

o

o1・2 単層カーボンナノチューブにおける発光と共鳴ラマン分光強度のファミリーパターン
0斎藤理一郎.J. Jiang.佐藤健太郎，小山祐司

1・3 局所応力場におけるカーボンナノチューブのナノラマン分光 0矢野隆章，井上康志，河田聡 9 

交交交交交交休憩、 (10 : 35-10 : 50) 交交交交すす

一般講演(10:50-12 : 05) 

ナノチューブの物性
1-4 単層カーボンナノチューブフォトルミネッセンスのカイラリティに依存した環境効果 10 
0岩崎真也大野雄高，村上陽一，岸本茂，丸山茂夫，水谷孝

1・5 紫外光照射によって生ずる単層カーボンナノチューフゃのギャップ内発光中心
0ヤクボブスキー・コンスタンチン，南信次，金柄祉宮下香苗，カザウィ・サイ，ナリニ・パラクリシュナン

1-6 Single walled carbon nanotube analysis: Rapid. robust acquisition and simulation of quantum and chiral maps 12 
to ease structural assignments. OAdam M. Gilmore. Ray K. Kaminsky. James M. Mattheis 

1・7 2層カーボンナノチューブの非線形光学応答と緩和ダイナミクス 13 
0中村新男，冨川貴子，今村禎允，渡辺美樹.i賓中泰，粛藤弥人，吾郷浩樹

1・8 直流電場で誘起されたカーボンナノチューフゃ散逸構造への重力の影響 佐藤修一.0佐野正人 14 

**寸大1公安昼食 (12 : 05-13 : 20) 才女古才女古

特別講演(13: 20-13 : 50) 

18・2 単層カーボンナノチューブの超高速非線形光学応答 岡本博 2 

一般講演(13: 50-14 : 35) 

ナノチューブの物性
1-9 SiC上に形成された高宮、度・高配向カーボンナノチューブの機械的特性
0楠美智子，宇佐美肇彦，伊岐見大輔，三宅晃司

15 

1・10 硬X線光電子分光j去を用いたカ}ボンナノチュ}ブとチタン電極界面の電子状態の研究 16 
0近藤大雄，二瓶瑞久，川端章夫，佐藤信太郎，池永英司，小畠雅明，金正鎮，小林啓介，小宮聴，粟野祐三

1・11 カーボンナノチューブ片持ち梁の振動解析 0秋田成司，津谷慎太郎，中山喜蔦 l7 

交交交交交交休憩 (14 : 35-14 : 50) 古交交交交交

一般講演(14:50-16 : 05) 

内包ナノチューブ
1-12 第一原理計算によるPeapodのRBM 0岡田晋

1・13 鉄内包単層カーボンナノチューブの合成と電気特性計測
0李永峰，畠山力三，金子俊郎，泉田健，岡田健，加藤俊顕

1・14 単層カーボンナノチユ}ブに内包されたFカロテンの光学特性

18 

19 

0柳和宏，宮田耕充，片浦弘道 20 

lV 



1月7日(土)

ナノホーン
1・15 穴の聞いたナノホーンの酢酸ガドリニウムによるキャップ効果
0弓削亮太，宮脇仁，湯田坂雅子，久保佳実，中村栄一，磯部寛之，依光英樹，飯島澄男

21 

その他:カーボンナノファイバー
1・16 円錐形ナノ空洞配列構造を有するカーボンナノファイパーの形成とその節での切断
0小塩明，竹村雄太，小海文夫

22 

ポスタープレビュー(16: 05-16 : 55) 
ポスターセッション(16: 55-18 : 25) 

フラーレンの化学
lP-l 金ナノ粒子を介したフラーレン誘導体によるナノ薄膜の作製と特性 0池田典昭，朴鐘震，森山広思 49 

50 lP・2 水溶液中における電極上の膜中に取り込まれた開口Cωの電気化学
0小松真治，渡辺健一，石橋歩，新留康郎，村田理尚，村田靖次郎，小松紘一，中嶋直敏

lP-3 新規C6o-TTP複合分子システムの合成と性質 O池内貴宏，宮本久一，御崎洋二

lP-4 オリゴカルパゾール部位を有する [60Jフラーレン付加体の合成と性質
0今野高志，中村洋介，渡辺悟，鈴木正人，西村淳

lP・5 金微粒子を反応指示剤とするカーボンナノチューブの化学修飾の確認
0畔原宏明，笠沼由香，岡嶋孝治，藤枝正，安田俊夫，康岡誠之，日高貴志夫，林原光男，徳本洋志

lP-6 酸素に結合したフラーレン誘導体の合成，光物理的挙動および一重項酸素の発生能
0本間猛，原拓生，田島右副，星野幹雄，松本史朗，武内一夫

lP-7 極性溶媒に高溶解性を示すフラーレン誘導体 uJlf上公徳，遠田淳

lP-8 水素分子を内包した有機および有機金属フラーレン
0松尾豊，磯部寛之，田中隆嗣，村田靖次郎，村田理尚，小松紘一，中村栄一

51 

52 

53 

54 

55 

56 

金属内包フラーレン
lP-9 Gd@C8Zのイオン化と化学修飾 O河野孝佳，松永洋一郎，仲程司，土屋敬広，若原孝次，前回優，赤阪健 57
大窪清吾，加藤立久，溝呂木直美，小林郁，永瀬茂

lP-10 La@C74 (C6H3Clz)-IIの単離および構造解析 O菊池隆，二川秀史，若原孝次，仲程司，土屋敬広，赤阪健 58
G. M. Aminur Rahman，前回優，与座健治，Ernst Horn，溝日木直美，永瀬茂

lP・11 GdZ@C78の単離とキャラクタリゼーション 59 
0竹松裕司，河野孝佳，仲程司，土屋敬広，君原孝次，前回優，赤阪健，加藤立久

lP・12 Ce@C8Zアニオンのランタノイド誘起NMRシフト解析 60 
0山田道夫，若原孝次，廉永福，土屋敬広，赤阪健，マーカスヴェルヒリ，溝呂木直美，永瀬茂

lP・13 Luジメタロフラーレンの系統的研究:LUzCZn (2n=74-86)の合成・単離・分子構造に関する研究 61 
0梅本久，井上崇，富山徹夫，北浦良，菅井俊樹，篠原久典

フラーレン固体
lP-14 トップダウン的手法によるフラーレンナノ粒子の生成 O出口茂，向井貞篤，掘越弘毅

lP-15 三元系C60化合物の構造と物性 O何木隆史，本橋覚，緒方啓典

lP-16 ドデシル基を有するC60誘導体塗布膜の有機TFT特性
0近松真之，板倉篤志，吉田郵司，阿澄玲子，菊地耕一，八瀬清志

lP-17 高次フラーレンとその関連化合物の電子特性
0杉山博行，長野高之，今井久美子，草井悠，藤原明比古，竹延大志，岩佐義宏，久保園芳博
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炭素ナノ粒子
lP-18 放射性廃棄物に含まれる元素のカーボンナノカプセルへの内包に関する研究

lP-19 中心に希土類金属炭化物を含有する多面体グラファイト粒子の生成
0小林慶太，小塩明，中川建雄，小海丈夫

O山本和典 66 

67 

V 



1月7日(土)

ナノチューブ:生成と精製
lP・20 狭いカイラリティ分布のSWNTバルクACCVD合成
。丸山茂夫，宮内雄平，嶋田行志，村上陽一，佐藤謙一，尾関雄治，吉川正人

lP-21 超音波霧化を用いた単層カーボンナノチューブ環状集合体の濃縮分離
0小松直樹.島脇孝典，青沼秀児，木村隆英

lP-22 ACCVDY去による垂直配向SWNT膜の成長に関する最近の成果
0エリック・エイナルソン，門脇政幸，村上陽一，丸山茂夫

lP-23 過酸化水素による半導体カーボンナノチューブの選択的酸化 0宮田耕充，真庭豊，片浦弘道

68 

69 

70 

71 

lP・24 RFプラズマCVDによるカーボンナノチューブの成長一触媒膜の前処理による成長温度の低温化 72 
0坂井孝充，鈴木篤，佐藤英樹，畑浩一，斎藤弥八

lP・25 アルコールccvN去によるカーボンナノチューブの低温成長 73 
0日浅健，中北剛史，佐藤英樹，畑浩一，粛藤弥八

lP-26 垂直配向孤立単層カーボンナノチューブ形成におけるプラズマシース効果 74 
0加藤俊顕，畠山力三，回路和幸

四回27 Z層カーボンナノチューブの作製と精製 O松本和代，村上俊哉，木曽田賢治，一色俊之，播磨弘 75 

lP-28 単層カーボンナノチューブ作製における多孔質ガラスの内径効果 76 
0青木陽介，鈴木信三片浦弘道，長津浩，阿部久雄，阿知波洋次

lP・29 Hz-Arガス中アーク放電におけるSWNTs成長でのCH4、CZH4、CzHz添加の影響 77 
0北村俊哉，超新洛，井上栄，安藤義則

内包ナノチューブ
lP・30 金属原子Z~囲内包フラーレン・ピーポッドの選択的合成
0石田将史，西出大亮，井上崇，北浦良，菅井俊樹，篠原久典

lP-31 大きな直径の炭素ナノチューブにおける C60の内包と放出
0111晶，湯田坂雅子，弓削亮太，二葉ドン，畠賢治，飯島澄男

ナノホーン
lP-32 酸化鉄ナノ粒子ラベルによる単層カーボンナノホーンの生体内磁気共鳴イメージング
0宮脇仁，湯田坂雅子，今井英人依光英樹，磯部寛之，中村栄一，飯島澄男

lP・33 単層カーボンナノホーンの開口端構造が及ぼすシスプラチン放出への影響
0安嶋久美子，湯田坂雅子，アランメニエ，宮脇仁，飯島澄男

ナノチューブの物性
lP・34 分子動力学シミュレーションによる有限長SWNTのフォノン輸送

lP・35 GW近似のグラファイトのエネルギーバンドによるカタウラプロット
0大場一輝，岡田晋，三宅隆，丸山茂夫

0塩見淳一郎，丸山茂夫

lP-36 AFMを用いたカーボンナノチューブ分散溶液の評価法

lP-37 近接場ラマン分光で単層カーボンナノチューブを見る

0桑原彰太，菅井俊樹，篠原久典

0斉藤結花村上貴早津紀彦，片浦弘道，河田聡

lP-38 DNAで包まれた単層カーボンナノチューブにおけるBreit-Wigner-Fano型ラマン線の特性
0河本紘典，内田貴司，橘勝，小鳥謙一

78 

79 

80 

81 

82 

83 

84 

85 

86 

lP-39 ミセル内に可溶化された半導体単層カーボンナノチューブのビオローゲン添加によるバンドギャップ変化 87 
0松浦宏治，斎藤毅，岡崎俊也大嶋哲，湯村守雄，飯島澄男

lP-40 Si (111)聞に挟まれた有限長CNTの電流・電圧特性の理論的研究
0小林由和，大森滋和，笛野博之，田中一義

lP-41 光照射によるカーボンナノチューブの損傷 0鈴木哲，前田文彦，小林慶裕

ナノチューブの応用

88 

89 

lP-42 VUVドライプロセスによるマルチウオールカーボンナノチューブの化学修飾 90 
0浅野高治，近藤大雄.川端章夫，武井文雄，二瓶瑞久，粟野祐二

lP-43 カーボンナノチューブFETを用いた抗原センサーの作製 91 
0谷健太郎，伊藤博史，大野雄高，岸本茂，大河内美奈，本多裕之，水谷孝

lP-44 有機蛍光膜を用いた2極型電界放出ディスプレイのためのカーボンナノチューブ電子放出源の簡易作製 92 
0岩田展幸，畑裕道，吉園雅人山本寛

Vl 



1月7日(土)

lP・45 垂直配向SWNT膜の簡便な配向維持剥離法および任意表面への再付着法の開発 93 

0村上陽一，門脇政幸，エリックエイナルソン，丸山茂夫

lP-46 垂直配向ナノチューブを用いたマイクロリアクター 94 

0石神直樹，吾郷浩樹，本山幸弘，高崎幹大，品川直嗣，高橋厚史，辻正治

その他
lP-47 カーボンナノウオールの成長と構造評価 95 
0吉村博史，吉村昭彦，モリナ・モラレス・ベドロ，中井宏，小島謙一，橘勝

lP-48 発煙硝酸中のニトロラジカルによるカーボンナノチューブの表面修飾 96 

0水野杏三関戸大，大野正富

Vll 



特別講演(9: 00-9 : 30) 

1月8日(日)

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

2S・3 Subnanometer Diameter Nanowires and Nanotubes in the ternary molybdenum-chalcogen一halogensystem 3 
OAles Mrzel. Dragan Mihailovie， Maja Remskar， Abdou Hassaien， Hiromichi Kataura 

一般講演(9:30-10 : 15) 

金属内包フラーレン

2-1 SC3CS2の構造決定 O飯塚裕子，若原孝次，仲程司，土屋敬広，楼庭明央，前回優，赤阪健，与座健治， Ernst 23 
Horn，加藤立久， Michael T， H. Liu，溝呂木直美，小林郁，永瀬茂

2・2 金属内包フラーレンと有機ドナーに基づく可逆なスピン移動システムの構築 O佐藤久美子，土屋敬 24 
広，若原孝次，前回優，仲程司，赤阪健，加藤立久大久保敬，福住俊一，講呂木直美，小林郁，永瀬茂

2・3 13C NMRによるCeLa@Csoアニオンの研究 25 
0小牧友人児玉健，三宅洋子，鈴木信三菊地耕一，阿知波洋次

ヲ今大1たす** 休憩 (10: 15-10 : 30) 交交古女才女

一般講演(10:30-11 : 15) 

金属内包フラーレン

2-4 軟X線磁気円二色性を用いたEr内包フラーレンの元素選択磁気測定 26 
O?中本治哉中村哲也北浦良，山田貴之北村豊，松下智裕，室隆桂之，井上崇，菅井俊樹，七尾進，篠原久典

2-5 Ti2C2@CS2の紫外光電子分光
0加藤真之，岩崎賢太郎，日野照純，吉村大介，森部裕江，沖本治哉，伊藤靖浩，菅井俊樹，篠原久典

2-6 溶媒からの電子移動によるEr@CS2の蛍光スイッチング

一般講演(11: 15-12 : 00) 

フラーレンの化学

0大窪清吾，岡崎俊也飯島澄男

27 

28 

2・7 基底状態フラーレンへの脂肪族アミンからのー電子移動を利用したテトラアミノフラーレンエボキシドの 29 
効率的合成 O田中隆嗣，中西和嘉，ロイック・ルミエグレ，磯部寛之，中村栄一

2・8 水素分子を内包したフラーレンC70の合成 O村田靖次郎，前田修平，村田理尚，小松紘一 30 

2-9 フラーレン誘導体添加によるアクリル系ボリマーの分解制御
0山舗智也田島右副，楼井敏彦，島田良子，大背戸浩樹

*育大交交古昼食 (12 : 00-13 : 20) 才女交交古古

授賞式(13: 20-13 : 50) 

特別講演(13: 50-14 : 20) 

2S-4 町工場こそ日本の宝。中国でできること、できないこと。

一般講演(14: 20-15 : 05) 

炭素ナノ粒子

橋本久義

31 

4 

2・10 X線回折法による爆発法ナノダイヤモンドの定量 小松直樹.0門田直樹木村隆英，大津映二 32 

2・11 溶液中のポリイン分子の分離および同定 O若林知成，土井達也，梅田塁，園田素啓，戸部義人 33 

2・12 ナノダイヤモンドのオニオン転移に対するマトリックス効果 0小津理樹，稲熊正康，高橋慎，大津映二 34 

**才女1なす休憩 (15: 05-15 : 20) **古女大古

Vl11 



一般講演(15: 20-15 : 50) 
フラーレン固体

1月8日(日)

2・13 トリフェニルメタン系色素によって安定化された孤立分子的C制フラーライド塩の単結晶構造解析 35 
0杉浦崇仁，大津映二，森山広思

2・14 走査トンネル顕微鏡探針からの電子/正孔注入によるC削分子のポリマー化 36 
0野内亮，増成宏介，大田敏雄，久保園芳博

ポスタープレビュー(15: 50-16 : 40) 
ポスターセッション(16: 40ー18: 10) 

フラーレンの化学
2P-1 Cωによる合硫黄ヘテロ環状カルベンの捕捉 O二川秀史，仲程司，土屋敬広，若原孝次.G. M. Aminur 97 
Rahman.赤阪健，前田優.Michael T. H. Liu.目黒聡，久新荘一郎，松本英之.i薄日木直美，永瀬茂

2P-2 七重付加型フラーレン遷移金属錯体の合成と構造 0藤田健志，松尾豊，中村栄一 98 

2P-3 フラーレンC60およびfC70とジアリールジアゾメタンの1，3一双極子反応における速度論 99 
0北村啓，清家望，東帝治郎，小久保研，大島巧

2P-4 五重付加型[60Jフラーレンールテニウム錯体とキラルジホスフインによるジアステレオ選択的な金属錯体 100 
合成 O三谷友一，松尾豊，鐘羽武中村栄一

2P園5 Cω骨格を有するアミノ基修飾試薬のMALDI-TOFMS分析への応用 101 
Oi幸元裕樹，高橋克昌，幸田光復，鈴木孝禎，中川秀彦，宮田直樹

2P-6 フラーレンのメカノケミカル水酸化反応のメカニズム O久保貴裕，松井栄太朗，渡辺洋人，仙名保 102 

2P-7 n-hexane中のC70の溶解度におよぼす温度、圧力効果 O岡田真一，津村精治 103 

2P-8 新規メタノ [60Jフラーレンの合成と反応 O多田智之，石田康博，西郷和彦 104 

金属内包フラーレン
2P-9 SPring-8 ~こおける金属内包フラーレンの粉末構造研究の最近の進展 105 
0西堀英治，寺内伊久哉，石原将行，高田昌樹，坂田誠，伊藤靖浩，梅本久，森部弘江，井上崇，篠原久典

2P-10 LaNd@C72の合成とNd内包フラーレンの蛍光測定 106 
0村田真美，児玉健，三宅洋子，鈴木信三菊地耕一，阿知波洋次

2P-ll Reactivity of Laz@C78 toward 2-Admantane-2.3-Diazirine: Structure Determination of Monoadduct La2@C78-(Ad) (I) 107 
OBaopeng Cao. Tsukasa Nakahodo. Takatsugu Wakahara. Takahiro Tsuchiya.Kaoru Kobayashi. Shigeru Nagase. 
Takeshi Akasaka 

2P・12 トルエン中におけるLa@CS2のラジカル反応 108 
0高野勇太，蓬田知行，若原孝次，土屋敬広，仲程司，前田優，赤阪健，加藤立久，溝呂木直美，永瀬茂

2P-13 高純度H2@C60の構造と物性 O赤田美佐保，谷垣勝己，村田靖次郎，小松紘一，垣内徹，浮博 109 

フラーレン固体
2P-14 フラーレン・ナノウイスカーの構造(III) 0土田諭，本橋覚，緒方啓典

2P-1S フレロイドナノウイスカーの合成と構造 O本橋覚土田諭，緒方啓典

2P-16 C60単結晶における光キャリア生成とその輸送過程 O田中領太，秋元郁子，神野賢一

2P-17 C60ナノ・ウイスカー FETの作製と電気伝導特性
0小川健一，池上亜紗土，都司ー，加藤友裕，青木伸之，足立健治，飯田貞博，落合勇一

炭素ナノ粒子

110 

111 

112 

113 

2P-18 電気化学法によるカーボンナノホーンへの白金粒子担持とその磁性 114 
0菅谷基広，稲垣貴之，湯田坂雅子，坂東俊治，飯島澄男

2P-19 ナノ炭素材料への高エネルギーイオン/原子衝突のシミュレーション:電子系の励起と構造変化 115 
0宮本良之.Arkady Krasheninnikov. David Tomanek 

ナノチューブ:生成と精製
2P-20 スーパーグロース法を用いた二層カーボンナノチューブの比率制御 116 
0山田健郎，生井竜紀，畠賢治.m品湯田坂雅子，二葉ドン，水野耕平，湯村守男，飯島澄男

lX 



1月8日(日)

2P-21 一酸化炭素からの単層カーボンナノチューブ合成に与えるCo/Mo比の影響 117 
0西井俊明，野田優，杉目恒志，桝山直人，村上陽一，丸山茂夫

2P-22 分散を用いた2層カーボンナノチューブの精製 O吉田宏道，菊池聡史，菅井俊樹，篠原久典 118 

2P圃23 異なる細孔径をもっメソポーラスシリカを用いたアルコールCCVD法による単層カーボンナノチューブの 119 
合成 O泉裕也緒方啓典

2P・24 直径の小さい単層カーボンナノチューブの分散と分離 O神田信，前回優，木村新一，長谷川正 Yongfu 120 
Lian，若原孝次，赤阪健，Said Kazaoui，南信次，岡崎俊也清水哲夫，徳本洋志，JingLu，永瀬茂

2p-25 アルコールの触媒分解による単層ナノチューブの合成と特性 O超彦立，世古和幸，奥村健介，斎藤弥八 121

2P-26 単原子層以下のNi担持による単層カーボンナノチューブの触媒成長 122 
0寛和憲，野田優，千足昇平，丸山茂夫

2P・27 窒素雰囲気中におけるRh/Pd炭素混合ロッドを用いた単層カーボンナノチューブの作製 123 
0朝井信行，鈴木信三片浦弘道，阿知波洋次

2P-28 単層カーボンナノチューブ成長に用いる混合触媒の役割 124 
0村上俊也道上一也石垣悟，松本和代，木曽田賢治，西尾弘司，一色俊之，播磨弘

2P-29 熱分解によるSiC(OOO-l)面上へのカーボンナノキャップ形成過程 125 
0丸山隆浩，河村康之，H.Bang，藤田奈緒美，白岩倫行，谷奥健次，穂積葉子，成塚重弥，楠美智子

内包ナノチューブ
2p-30 単層カーボンナノチューブへのパラニトロアニリンの内包 126 
0村上貴，斎藤結花，片浦弘道，塚越一仁，柳和宏，宮田耕充河田聡

2P-31 セシウムプラズマ照射法によるn型二層カーボンナノチューブの形成 127 
0李永峰，泉田健，畠山力三，金子俊郎，岡田健，加藤俊顕

2P-32 軟X線磁気円偏光2色性測定によるナノピーポットの磁化解析 128 
0北浦良，i中本治哉，中村哲也北村豊，小川大輔，篠原久典

ナノホーン
2P-33 カーボンナノホーンの高収率精製方法 O田村豪主，坂東俊治，飯島澄男 129 

2P-34 アークスートの分別とPt-Ru触媒の分散(メタノール活性 130
0東敬亮，丹羽宏彰，篠原賢司，滝川浩史，榊原建樹，徐国春，伊藤茂生，山浦辰雄.三浦光治，吉川和男

ナノチューブの物性
2P-35 カーボンナノチューブからの電界放出電流における安定性 131 
0小西康元，田中博由，i番路軍，秋田成司，中山喜高

2p-36 望遠鏡構造の2層アームチェア一ナノチューブの電気伝導度 O田村了 132 

2P-37 STMによる2層カーボンナノチュープの層間相互作用の直接観察 133 
0福井信志，吉田宏道，菅井俊樹，平家誠嗣，藤森正成，諏訪雄二，寺田康彦，橋詰富博，篠原久典

2p-38 ゼオライト CCVD~こより合成した直径の細いDWNTからのフォトルミネッセンス観察 134 
0岸直希，菊地聡史，菅井俊樹，篠原久典

2P-39 THz~可視領域に亘る偏光分光を用いたカーボンナノチューブの形状効果がもたらす光学特性の発見 135 
0秋間新真，].1. Musfeldt，松井広志，豊田直樹，下回英雄 O.Zhou，白石誠司，岩佐義宏

2P-40 Exciton-photon matrix elements in single-wali carbon nanotubes 
OJ Jiang，粛藤理一郎，小山祐司，佐藤健太郎，JS. Park 

2P-41 水素原子を内包した有限長カーボンナノチューブにおける電子的、磁気的性質
0二川原賢啓，大森議和，伊藤彰浩，田中一義

136 

137 

2P-42 セラミクス内部に孤立した単層カーボンナノチューブの共鳴ラマン・蛍光スベクトル 138 
0上野太郎，大窪清吾，宮原恒星，鈴木信三，阿知波洋次，塚越一仁，岡崎俊也，片浦弘道

ナノチューブの応用
2P-43 アミン分子修飾による大気中で安定なN型単層カーボンナノチューブ電界効果トランジスタの作製 139 
0松本哲憲，鈴木哲， Goo-Hwan Jeong，小林慶裕，本間芳和

2P-44 カーボンナノチューブフィールドエミッタを用いたマイクロフォーカスX線源の開発 140 
0111北邦彦，畑浩一，佐藤英樹，斎藤弥八

2P・45 バイオサーファクタントを用いたSWNTsの可溶化と特性評価 0中嶋直敏，石橋歩 141 

x 



1月8日(日)

2P-46 SWNTs溶液への近赤外レーザー照射 0成松香織，篠原浩美，新留康郎，中嶋直敏

2P-47 マイクロチップ内部でのSWNTの誘電泳動
0品川直嗣，吾郷浩樹，石神直樹，辻正治，生田竜也，高橋厚史

その他

2P-48 金属触媒を用いない螺旋状炭素構造の形成 O小塩明，田中輝之，須内俊貴，小海丈夫

2P-49 フラーレン多価イオンクラスターの臨界サイズ O中村正人 P.A.Hervieux 

Xl 

142 

143 

144 

145 



特別講演(9: 00-9 : 30) 

1月9日(月)

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・5 スーパーグロース:超効率高純度単層カーボンナノチューブの合成からスーパーキャパシターへの応用 5 
畠賢治

一般講演(9: 30-10 : 15) 
ナノチューブ:生成と精製

3-1 レーザー加熱ACCVD法におけるSWNTs生成過程のその場ラマン・AFM観察
0千足昇平，村上陽一，宮内雄平，丸山茂夫

3・2 アルゴン及び窒素ガス雰囲気中における単層カーボンナノチューブの生成
0鈴木信三朝井信行，片浦弘道，阿知波洋次

3・3 サファイア表面での水平配向SWNTの密度制御合成と偏光ラマン分光
0吾郷浩樹，上原直保，池田賢一，大堂良太，中村和浩，辻正治

才女主任交交古 休憩 (10 : 15-10: 30) 古**すす古

一般講演(1 0 : 30-11 : 15) 
ナノチューブ:生成と精製

37 

38 

39 

3-4 直流ア}ク放電法による二層ナノチューブの合成における典型金属元素添加の効果 0稲倉秀樹 40 

41 3-5 直噴熱分解合成法による単層カーボンナノチューブの選択的直径制御
0斎藤毅，大嶋哲，許維春，松浦宏治，岡崎俊也湯村守雄，飯島澄男

ナノチューブの応用

3-6 スーパーグロース法を用いた形状制御可能なシングルウオールナノチューブ固体 フレキシブル導電性 42 

メソポーラス材料 o二葉ドン，畠賢治，平岡樹，山田健郎，水野耕平，早水裕平，生井竜紀，角舘洋三
棚池修，羽鳥浩章，三宅晃司，佐々木信也湯村守男，飯島澄男

一般講演(11: 15-12: 00) 
ナノチューブの応用

3・7 カーボンナノチューブのフッ素化、構造と性質 43 

0東原秀和，有海英樹，野島由雄•i中野不二雄，金降岩，遠藤守信，川崎晋司，片浦弘道，湯田坂雅子，飯島澄男

3・8 カーボンナノチューブポリイミド複合材料を用いた非線形光導波路デバイス 44 

0松崎瞬，板谷太郎，糸賀恵美子，井草正寛，片浦弘道，徳本園，石田興太郎，榊原陽一

3・9 液相法によるカーボンナノチューブ透明フレキシブルトランジスタ 45 

0高橋哲生，竹延大志，菅原孝宜，塚越一仁，青柳克信，岩佐義宏

大**才女古昼食 (12: 00-13 : 20) 古女1なすす古

特別講演(13: 20-13 : 50) 
3S・6 ナノ炭素構造における様々な欠陥構造の生成と特性に関する分子動力学シミュレーション

一般講演(13: 50-14 : 35) 
ナノチューブの応用

3・10 ボリイミドを用いたカーボンナノチューブの孤立可溶化

ナノチューブの物性

3・11 メビウス形状ナノ炭素系における電子物性 0針谷喜久雄

3-12 カーボンナノチューブにおけるバンドギャップと準粒子状態

Xl1 

0重団員宏，小松真治，中嶋直敏

三宅隆，赤井吉郎.0斎藤晋

河合孝純 6 

46 

47 

48 



ポスタープレビュー(14: 35-15 : 25) 
ポスターセッション(15: 25-16 : 55) 

フラーレンのイヒ学

1月9日(月)

3P-1 c60と環状有機ケイ素化合物の光反応 146 
0永塚淳子，仲程司，杉谷幸愛，加国昌寛若原孝次，前回優，土屋敬広，赤阪健，佐々木佳子，伊藤攻，小林郁，永
瀬茂

3P-2 フラーレン多付加体の効率的な探索戦略:円錐積絞込法 0樋田竜男，内田勝美，石井忠浩，矢島博文 147 

3P-3 フラーレン・キトサン複合体の合成とその抗酸化作用評価 O根本勝理，指輪仁之，内田勝美，矢島博文 148 

3P-4 高水溶性フラレノールのOnePot合成 O立垣裕史川漬咲耶子，松林賢司，高田弘弥，小久保研，大島巧 149 

3P-5 イリジウムを用いたC-H結合活性化による五重付加型フラーレンのアルキル化反応 150 
0岩下暁彦，松尾豊，中村栄一

3P-6 神経成長因子によって誘導されるPC-12細胞の神経突起伸長に対する水溶性フラーレン誘導体の増強作用 151 
0)1¥原淘，藤淳祐樹，津元裕樹，幸田光復，鈴木孝禎，中川秀彦，宮田直樹

3P-7 フラーレンのメカノケミカル酸素酸化反応のメカニズム O渡辺洋人松井栄太朗，久保貴裕，仙名保 152 

3P-8 オープンケージCω構造をもっ新規Cωーフタロシアニン複合体の合成 O橋本直明，福田貴光，小林長夫 153 

金属内包フラーレン
3P-9 Eu@CS2とGd@CS2の構造 O溝日木直美，永瀬茂

3P-10 金属内包フラーレン成長機構11 0阿知波洋次

3P-ll La@CS2(Ad) 単結晶のESRスベクトル
0奈良隆平，前回優，若原孝次，土屋敬広，竹内一宏，福島誠，赤阪健，加藤立久

3P-12 La2@CSOカルベン誘導体の合成とキャラクタリゼーション
0染谷知香，山田道夫，若原孝次，土屋敬広前田優，赤阪健，i葺呂木直美，永瀬茂

3P-13 イオン移動能法によるスカンジウム内包フラーレンの研究

フラーレン固体
3P-14 溶液プロセスで作製したC削-Pdポリマー薄膜トランジスタの特性
0松岡亨卓，ケルマンカーン，民谷栄一，藤原明比古

0菅井俊樹，M.F.] arrold，篠原久典

3P・15 高機能フラーレン電界効果トランジスターデバイスの作製とパフォーマンス制御
0長野高之，越智謙次，草井悠大田敏雄，今井久美子，藤原明比古，久保園芳博

3P・16 自己組織化単分子膜による有機FET電極表面修飾 康芝伸哉，石井久夫，熊代良太郎，0谷垣勝己

3P-17 溶液プロセスによるフラロデンドロン電界効果トランジスタの作製とその電子特性
0草井悠，長野高之，今井久美子，久保園芳博，酒向祐輝，高口豊，藤原明比古

炭素ナノ粒子
3P-18 ポリイン分子の共鳴ラマンスベクトル 土井達也O若林知成

ナノチューブ:生成と精製
3P-19 The ultrasonication power density effects on carbon nanotube dispersion in aqueous solutions 
0カタリンロメオルクレスク，石井亨，高橋照央，内田勝美，石井忠浩，矢島博丈

3P-20 単層カーボンナノチューブの高収率合成に向けたCVDプロセスのガス分析
0上原直保，吾郷浩樹，今村真悟，辻正治

3P-21 アークプラズマジ、エツト法で作製した単層カーボンナノチューブの精製
0鈴木智子，州浜賢二，趨新洛，井上栄，安藤義則

3P-22 Siナノ突起構造を形成した基板上へのカーボンナノチューブ成長
0松林摩衣，佐藤英樹，畑浩一，三宅秀人，平松和政，大下昭憲，斎藤弥八

3P-23 生体高分子溶液中における単層カーボンナノチューブの分散挙動と分光特性
0高橋!照央，Catalin Romeo Luculescu，内田勝美，石井忠浩，矢島博文

3P-24 金属層上に選択成長した垂直配向カーボンナノチューブ 0奥山博基岩田展幸，山本寛

154 

155 

156 

157 

158 

159 

160 

161 

162 

163 

164 

165 

166 

167 

168 

169 

3P-25 Fe触媒を含む炭素電極を用いたカーボンナノワイヤーの作製 0遠藤正明，水谷昭彦，越新洛，安藤義則 170

X1l1 



1月9日(月)

内包ナノチューブ
3P-26 電子線照射下におけるPeapod中のC60の融合 0越野雅至末永和智，中村栄一 171 

ナノホーン

3P-27 高純度カーボンナノホーン大量生成 0蔚丈史，糟屋大介，吉武務，久保佳実，湯田坂雅子，飯島澄男 172 

ナノチューブの物性
3P-28 カーボンナノチューブの塑性変形メカニズム 0森英喜，尾方成信，秋田成司，中山喜高 173 

3P-29 シリル基修飾したカーボンナノチューブのFET特性 174 
0熊代良太郎，大橋弘孝，赤坂健，前回優，泉田健，畠山力三，谷垣勝己

3P-30 孤立単層カーボンナノチューブにおける120テスラまでの強磁場磁気光学的研究 175 
0横井裕之，黒田規敬，金柄祉，宮下香苗カザウイ・サイ南信次，小嶋映二，内田和人， d設山正二郎

3P圃31 架橋単層カーボンナノチューブカ、らのPLIラマンスベクトルにおける環境効果 176 
0小林慶裕，高木大輔，本間芳和

3P-32 単層カーボンナノチューブバンドルにおけるレーザー誘起欠陥のラマン分光による評価 177 
0内田貴司，橘勝，小島謙一

3P圃33 二層カーボンナノチューブの光物性 178 
0上野太郎，大窪清吾，宮原恒星，鈴木信三，阿知波洋次，岡崎俊也塚越一仁，片浦弘道

3P-34 ピーポッドのリチウムイオン貯蔵特性 OJlI崎晋可，岩井勇樹，渡遺育美，片浦弘道 179 

3P-3S グラフェン固有欠陥の安定性 山下和晃，0斎藤峯雄 180 

ナノチューブの応用

3P-36 DNAと金属ナノ微粒子による架橋単層カーボンナノチューブの機能化
OGoo-Hwan ]eong，松本哲憲，鈴木哲，小林康裕，本間芳和

3P-37 DNAで包接された多層カーボンナノチューブの原子間力顕微鏡観察
0高橋宏寿，沼尾茂情，坂東俊治，飯島澄男

181 

182 

3P・38 ラジカル付加反応によるSWCNTおよびVGCFの誘導体化 0郡司天博，赤沢美菜子，有光晃二，阿部芳首 183 

3P開39 長鎖ベンゼンジアゾニウム塩を用いた金属'性SWNTsと半導体性SWNTsの分離
0豊田昇平，友成安彦.樋i度真敬，村上裕人，中嶋直敏

3P-40 カンファーで合成したカーボンナノチューブの優れた電界電子放出
0安田恭平，Mukul Kumar，安藤義則，平松美根男

184 

185 

3P-41 ペプチドポルフィリンで機能化した単層カーボンナノチューブから成る新規なナノハイブリッド光合成モ 186 
デル O斎藤健二ソラジエナタリー，福住俊一

3P・42 カップスタック型カーボンナノチューブの光誘起電子移動還元 0大谷政孝，斎藤健二，福住俊一 187 

その他

3P-43 FT-ICR質量分析装置によるコバルトクラスターとアルコール，エーテル，炭化水素との化学反応 188 
0吉松大介，小泉耕平，須山直紀丸山茂夫

3P・44 フラーレンの前臨床安全性薬理評価:単回毒性と突然変異試験 189 
0藤本由紀，高田弘弥，森友久松林賢司，伊東忍，三羽信比古，i宰口聡子
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Plenary Lecture 35 min (Presentation) + 5 min (discussion) 
Speciallecture : 25 min (Presentation) + 5 min (discussion) 
Generallecture : 10 min (Presentation) + 5 min (discussion) 
Poster preview : 1 min (Presentation)， no discussion 

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

Plenary Lecture (9 : 05・9:50) 

IS-1 Recent Progress in Nano-Carbon Research Eijiσsawa 

Generallecture(9 : 50-10 : 35) 

Properties of Nanotubes 

1・1 Photoluminescence mapping of various (n， m) nanotubes by cross-polarized light 

OYuhei Miyauchi， Mototeru Oba， Shigeo Maruyama 

1・2 Family pattern of photoluminescence and Raman intensity of single wall carbon nanotubes 

OR. Saito， J. Jiang， K. Sato， Y. Oyama 

1・3 Nanoscal巴uniaxialpressure effect of carbon nanotubes on the Raman spectra 

OTaka-aki Yano，ぬsushi!nouye， Satoshi Kawata 

7 

8 

9 

ヲたすすすす"*Coffee Break (10 : 35・10:50)交交交交官女

General lecture (10 : 50・12:05) 

Properties of Nanotubes 

1・4 Chirality-dependent environmental effect on photoluminescence of SWNTs 

OShinya !wasaki， Yutaka Ohno， Yoichi Murakami， Shigeru Kishin:ωto， Shigeo Maruyama， Tak，ωhi Mizut，ωli 

1・5 Mid-gap luminescenc巴centersin single-wall carbon nanotubes created by UV illumination 11 

OKonstantin !akoubovskii， Nobutsugu Minami，向iKim， Kanae Miyashita， Said Kazaoui， Balakrishnan Nalini 

1・6 Single walled carbon nanotube analysis: Rapid， robust acquisition and simulation of quantum and chiral maps to ease 12 

structural assignments. OAdam M. Gilmore， Ray K. Kaminsky， James M. Mattheis 

1・7 Third-order Nonlinear Optical Response and Relaxation Dynamics in Double-Walled Carbon Nanotubes 13 

OArao Nakamura， Takako Tomi如wa，Sadanobu !mamura， Miki ~匂tanabe， }匂sωhiHamanaka， Yahachi Saito， Hiroki Ago 

1-8 Effects of Gravity on SWCNT Dissipative Structures lnduc巴dby DC Electric Field Syuichi Sato， OMasahito Sano 14 

ハ
リ
s
，A
 

ヲ今大1たすす"*Lunch Time (12: 05・13: 20)育交交交交交

Speciallecture (13 : 20・13: 50) 
IS・2 Ultrafast optical nonlinearity in sing1e-wall巴dcarbon nanotubes Hiroshi Okamoto 2 

General lecture (13 : 50-14 : 35) 
Properties of Nanotubes 
1・9 M巴chanicalCharacteristics of High-Density and Well-Aligned Carbon Nanotubes on SiC 

OMichiko Kusunoki， Hatsuhiko Usami， Daisuke !gimi， Koji Miyake 

1・10 Electronic structures of the int巴rfacebetween carbon nanotub巴sand titanium巴lectrodesmeasured by hard x-ray 16 

photoemission spectroscopy ODaiyu Kondo， Mizuhisa Nihei， Akio Kawabata， Shintaro Sαto， Eiji !kenaga， 

Masaaki Kobata， Jung-Jin Kim， Keisuke Kobayashi， Satoshi Komiya， Yuji Awαno 

1-11 Vibration analysis of carbon nanotube cantilevers OSeiji Akita， Sintaro Sawaya，ゐshikazuNakayama 17 

15 

"*育大1たすす CoffeeBreak (14 : 35・14:50)古育交交交交

Generallecture (14 : 50・16:05) 

Endohedral Nanotubes 
1・12 First-principles calculations of th巴radialbr回 thingmode of peapods OSusumu Okada 

1-13 Synthesis and electronic properties of Fe-filled single-walled carbon nanotubes 
OYon排ngLi， Rikizo Hatakeyama， Toshiro Kaneko， Takeshi Izumida， Takeru Okada， Toshiaki Kato 

18 

19 

xv 



January 7th， Sat 

1・14 Optical Properties of s -carot巴neinside Single-Walled Carbon Nanotubes 
OKazuhiro Yanagi， Yasumitsu Miyata， Hiromichi Kataura 

Nanohorns 

20 

1・15 Cap effects of Gd acetate on nanohorn holes 21 

ORyota Yuge， Jin Miyawaki， Masako均dasaka，Yoshimi kubo， Eiichi Nakamura， Hiroyuki Isobe， Hideki Yorimitsu， 

Sumio lijima 

民fiscellaneous: Carbon Nanofibers 

1-16 Formation of Carbon Nanofibers Having an Array of Conic泊NanoCavities and Snapping at Their Nodes 22 

OAkira Koshio， YuωTakemura， Fumio Kokai 

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

Chemistry of Fullerenes 

1P-1 Fabrication and Properties of Self-assembled Monolayers modifi巴dwith C6日-derivativeFixed on Gold Nanoparticles 49 

ONoriaki Ikeda， Chyongjin Pac， Hiroshi Moriyama 

1P-2 Electrochemistry of an Op巴n-CageC60 Embedded in a Film on an Electrode in an Aqueous Media 50 

OMasaharu Komatsu， Kenichi H匂tanabe，Ayumi Ishibashi， Yasuro Niidome， Michihisa Murata， 1匂sujiroMurata， 
Koichi Komatsu， and Naotoshi Nakashima 

1P-3 Synthesis and Properti巴sof a New C60-TTP Hybrid System OTakahiro Ikeuchi， Hisa初zuMiyamoto，ゐhjiMisaki 51 

1P-4 Synthesis and Photophysical Properties of [60]Fullerene Adducts Carrying Oligocarbazole Moieties 52 

o Tak，ωhi Konno， Yosuke Nakamura， Satoru H匂tanabe，Masato Suzuki， Jun Nishimura 
1P-5 Confirmation of Chemical Modification of Carbon Nanotubes Using Gold Particles as Reaction Indicator 53 

OHiroaki Azehara， Yuka Kasanuma， Takaharu Okajima， Tadashi Fujieda， Toshio Yasuda， Motoyuki Hirooka， 

Kishio Hidaka， Mitsuo Hayashibara， Hiroshi Tokunωto 

1P・6 Fullerene Derivatives Bound to Oxygen -Synthesis， Photophysical b巴havior，and Generation of Singlet Oxygen 54 

OTakeshi Honma， Takumi Hara，抑制keTajima， Mikio Hoshino， Shiro Matsumoto， Kazuo Takeuchi 

1P・7 Organofuller巴nesHighly Soluble in Polar Solvents OKiminori Kawakami， Jun Enda 55 

1P-8 Organic and Organometallic Derivatives of Dihydrogen-巴ncapsulated[60]Fullerene 56 

OYutaka Matsuo， Hiroyuki Isobe， Takatsugu Tanaka， Yasujiro Murata， Michihisa Murata， Koichi Komatsu， Eiichi Nakamura 

恥fetallofullerenes

1P-9 Ionization and Chemical Functionalization of Gd@CS2 57 

OTakayoshi Kono，ゐichiroMatsunaga， Tsukasa Nakahodo， Takahiro Tsuchiya， Takatsugu肋kahara，Yutaka Maeda， 

Takeshi Akasa却，Shingo Okubo， Tatsuhisa Kato， Naomi Mizorogi， Kaoru Kobayωhi， Shigeru Nagase 

1P-10 Isolation and Characterization of La@C7iC6H3CI2)-II 58 

OTakashi Kikuchi， Hidφlmi Nikawa， Takatsugu Wakahara， Tsukωa Nakahodo， Takahiro Tsuchiya， Takeshi Akasaka， 
G. M. Aminur Rahman， Yutaka Maeda， Kenji Yoza， Ernst Horn， Naomi Mizorogi， Shigeru Nagase 

1P・11 Isolation and Characterization of Gd2@C78 59 

o Yuji Takematsu， Takayoshi Kono， Tsukasa Nakahodo， Takahiro Tsuchiya， Takatsugu Wakahara， Yutaka Maeda， 
Takeshi A初saka，Tatsuhisa Kato， Shigeru Nagase 

1P・12 Analysis of Lanthanide-Induced NMR Shifts of the Ce@CS2 Anion 60 

OMichio 1加1Gda，Takatsugu M匂kahara，Yongfu Lian， Takahiro Tsuchiya， Takeshi Akasaka， Markus肋 elchli，
Naomi Mizorogi， Shigeru Nagase 

1P-13 Systematic Study of Lutetium Endohedral Di-Metallofull巴renes: Production， Isolation and Structural characterization of 61 
LU2C2n (2n=74-86) OHisashi Umemoto， Takashi Inoue， Tetsuo Tomiyama， Ryo Kitaura， Toshiki Sugai， Hisasori Shinohar，α 

Fullerene Solids 

1P-14 Facile Generation of Fullerene Nanoparticles by Hand-Grinding OShigeru Deguchi， Sada-atsu Mukai， Koki Horikoshi 62 

1P-15 百leStructure and Physical Properties in Ten日aryC60 Compounds OTakashi Naniki， Satoru Motohashi， Hironori Ogata 63 

1P-16 Solution-Processed Organic Thin-Film Transistors Based on Dodecyl Substituted C60 Derivatives 64 

OMasayuki Chikamatsu， Atsushi Itakura，均rjiYoshida， Reiko Azumi， Koichi Kikuchi， Kiyoshi Yase 

XVl 
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lP-17 Electronic properties of higher fullerenes and their related compounds OHiroyuki Sugiyama， Takayuki Nagano， 65 

Kumiko Imai， Haruka Kusai， Akihiko Fujiwara， Taishi Takenobu， Yoshihiro Iwasa， Yoshihiro Kubozono 

Carbon Nanoparticles 

lP-18 Study on Encapsulation of Radioactive Waste Elements insid巴CarbonNanocapsules OKazunori Yamamoto 66 

lP-19 Preparation of polyhedral graphite particles including rare earth m巴talcarbides in their centers 67 

OKeita Kobayashi， Akira Koshio， Tatsuo Nak，αgawa， Fumio Kokai 

Formation and Purification of Nanotubes 

lP剛20 Bulk ACCVD Generation of SWNTs with Na汀owChirality Distribution 68 

OShigeo Maruyama， Yuhei Miyauchi， Takashi Shimada，ゐichiMurakami， Kenichi Sato，ぬfjiOzeki， Masahitoωhikawa 

lP-21 Isolation of Circular Aggregates of Single-Walled Carbon Nanotubes by Ultrasonic Atomization 69 

ONaoki Komatsu， Taka~ωri Shimawaki， Shuj目iAonunω， Takahide Kimuflα 

lP-22 Rec巴ntadvances in growth of v巴rticallyalign巴dSWNT films by ACCVD 70 

OErik Einarsson， Masayuki Kadowaki，ゐichiMurakami， Shigeo Maruyama 

lP田23 Selectiv巴Oxidationof Semiconducting Single-Wall Carbon Nanotubes by Hydrogen Peroxid巴 71

o Yasumitsu Miyata， Yutμka Maniwa， Hiromichi Kataura 
lP-24 Growth of carbon nanotubes by RF-PECVD -Lρwering of growth t巴mperatur巴bypre紅巳atmentof catalyst film- 72 

OTakamichi Sakai， Atsushi Suzuki， Hideki Sato， Koichi Hata， Yahachi Saito 

lP-25 Low-temp巴raturegrowth of carbon nanotubes by alcohol CCVD 

OKen Hiasa， Tsuyoshi Nakagita，Hideki Sato，Koichi Hata，Yahachi Saito 

lP-26 Plasma sh巴atheffects on the growth of freestanding individual single-walled carbon nanotubes 

OToshiaki Kato， Rikizo Hatakeyama， Kazuyuki Tohji 

lP-27 Synthesis and Purification of Double Walled Carbon Nanotubes 

OKazuyo Matsumoto， Toshiya Murakami， Kenji Kisoda， Toshiyuki Isshiki， Hiroshi harima 

lP-28 The Effect of intra-Pore Size of Porous Glass for the Preparation of Single-Wall Carbon nanotubes 

0ゐsukeAoki， Shinzo Suzuki， Hiromichi Kataura， Hiroshi Nagasawa， Hisao Abe，ゐhjiAchiba 

lP-29 Influenc巴ofCH4， C2H4， or C2H2 gas addition on the growth of SWNTs in H2-Ar arc discharge 

Or Kitamura， X. Zlω0， S. Inoue， Y. Ando 

Endohedral Nanotubes 

73 

74 

75 

76 

77 

lP-30 Sel巴ctiveEncapsulation of Dimetallofullerene into Single-Wall Carbon nanotubes 78 

OMasashi Ishida， Daisuke Nishide， Tak，ωhi Inoue， Ryo Kitaura， Toshiki Sugai， Hisanori Shinohara 

lP-31 Incorporation and release of C60 inlfrom single-wall carbon nanotub巴swith large diameters 79 

01. Fan， M. Yudasaka， R. Yuge， D. N. Futaba， K. Hata， S. Iijima 

Nanohorns 

lP-32 In vivo magnetic r巴sonanceimaging of single-wall carbon nanohoms through labeling with magnetite nanoparticles 80 

OJin Miyawaki， Masako Yudasaka， Hideto Imai， Hideki Yorimitsu， Hiroyuki /，ふsobe，Eiichi Nakamura， Sumio Iijima 

lP-33 S汀uctureof hole edg巴sof single-wall carbon nanohoms and its influ巴nceon cisplatin release 81 

OKumiko Ajima， Masako Yudasaka， Alan Maigne， Jin Miyawaki， Sumio Iijima 

Properties of Nanotubes 
lP-34 Phonon transport in finite length SWNTs using molecular dynamics simulations OJunichiro Shiomi， Shigeo Maruyama 82 

lP圃35 Kataura plot based on GWA graphene dispersion OMototeru Oba， Susumu 0如da，Ta飢shiMiyake， Shigeo Maruyama 83 

lP-36 AFM Evaluation on Suspended Carbon Nanotubes OShota Kuwahara， Toshiki Sugai， Hisanori Shinohara 84 

lP-37 Single-Walled Carbon Nanotubes Studied by Tip-enhanced Near-field Raman Spectroscopy 85 

o Yuika Saito， Tak，ωhi Murakami， Norihiko Hayazawa， Hiromichi Kataura， Satoshi Kawata 
lP-38 The feature of the Breit-Wigner-Fano Raman line in DNA-wrapped single-wall carbon nanotubes 86 

OHir.正moriK，ωvamoto， Takashi Uchida， Masaru Tachibana and Kenichi Kojima 

lP-39 Band-gap modulation of semiconductive single-walled carbon nanotube in micell巴rsolution by addition of viologens 87 

OKoji Matsuura， Takeshi Saito， Toshiya Okazaki， Satoshi Ohshima， Motooぬmuraand Sumio Iij・lma

lP-40 Theoretical Curr巴nt-Voltage Characteristics of Finite-Length Carbon Nanotube Between Silicon(ll1) Electrodes 88 

o Yoshikazu Kobayashi， Shigekazu Ohmori， Hiroyuki Fueno， and Kazuyoshi Tanaka 
lP-41 Photon-Induc巴dDamage Creation in Carbon Nanotubes OSatoru Suzuki， Fumihiko Maeda， Yoshihiro Kobayashi 89 

XVll 
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Application of Nanotubes 
lP・42 Chemical Modification of Multi-walled Carbon Nanotubes (MWNTs) by Vacuum Ultra-violet (VUV) Irradiation Dry 90 

Process OKoji Asano， Daiyu Kondo， Akio Kawabata， Fumio Takei， Mizuhisa Nihei，Yuji Awano 

lP-43 Fabrication of antig巴nsensor using carbon nanotube FETs 91 

OKentaro Tani， Hiroshi 1to，ルtakaOhno， Shigeru Kishimoto， Mina Okochi， Hiroyuki Honda， Takashi Mizutani 

lP-44 Easy Fabrication Process of Carbon Nanotube Emitters for Diode可peField Emission Display with Organic 92 

Luminescenc巴ThinFilms ONobuyuki 1wata， Yasunori Hata， Masato Yoshikuni， Hiroshi Yamamoto 

lP-45 Development of d巴tachmentmethod of vertically aligned SWNT films from substrates and their re-attachment to arbitrary 93 

surfaces OYoichi Murakami， Masayuki Kadowaki， Erik Einarsson， Shigeo Maruyama 

lP-46 Microreactors Utilizing Vertically-Aligned Carbon Nanotubes 94 

ONaoki Ishigami， Hiroki Ago， Yukihiro Motoyama， M此ihiroTakasaki， Masashi Shinagawa， Koji Takahashi， Masaharu Tsuji 

Miscellaneous 
lP・47 Growth and Characterization of Carbon Nanowalls 95 

OHirofumi Yoshimura， Akihiko Yoshimura， Pedro Molina-Morales， Hiroshi Nakai， Kenichi Kot閥、MasaruTachibana 

lP・48 Surface Modification of Carbon Nanotube with N02 Radical in Fuming Nitric Acid 96 

OKyozo Mizuno， M，ωaru Sekido， Masatomi Ohno 

XVlll 
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Speciallecture : 25 min (Presentation) + 5 min (discussion) 
Generallecture : 10 min (Presentation) + 5 min (discussion) 
Poster preview : 1 min (Presentation)， no discussion 

Special lecture (9 : 00・9:30) 
2S・3 Subnanometer Diameter Nanowires and Nanotubes in the temary molybdenum-chalcogen-halogen syst巴m

OAleS Mrzel， Dragan Mihailovie， Maj・aRemskar， Abdou Hassaien， Hiromichi Kataura 

General lecture (9 : 30・10:15) 
Metallofullerenes 

3 

2-1 Structural Determination of SC3CS2 0 Yuko Iiduka， Takatsugu陥初hara，Tsukasa Nakahodo， Takahiro Tsuchiya， 23 

Akihiro Sakuraba， Yutaka Maeda， Takeshi Akasaka， Kenj・iYOZ仏 ErnstHorn， Tatsuhisa Kato， Michael T. H. Liu， 

Naomi Mizorogi， Kaoru Kobayashi， Shigeru Nagase 

2-2 Spin-Transfef Syst巴munder Equilibrium Constructed from Endohedral Metallofullerenes and Organic Donors 24 

OKumiko Sato， Takahiro Tsuchiya， Takatsugu ~匂kahara， Yutaka Maeda， Tsukasa Nakahodo， Takeshi A初saka，
Tatsuhisa Kato， Kei Ohkubo， Shunichi Fukuzumi， Naomi Mizorogi， Kaoru Kobayashi， Shigeru Nagase 

2-3 13C NMR Study of C巴La@CsoAnion 25 

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

大大1公安**Coffee Break (10 : 15・10:30)育大交交交交

Generallecture(10 : 30-11 : 15) 

Metallofullerenes 

2・4 Element Specific Magn巴tizationMeasurements of Er Metallofull巴renesby Soft X-ray Magnetic Circular Dichroism 26 
(SXMCD) OHaruya Okimoto， Tetsuya Nakamura， Ryo Kitaura， Takayuki Yamad仏Yuta初 Kitamura，

Tomohito Matsushita， Takayuki Muro， Takashi lnoue， Toshiki Sugai， Susumu Nanao， Hisanori Shinohara 

2-5 The Ultraviolet Photoelectron spectra of Ti2C2@CS2 OMasayuki Kato， Kentaro lwasaki， Shojun Hino， 27 

Daii似ためshimura，Hiroe Moribe， Haruya Okimoto， Yasuhiro lto， Toshiki Sugai， Hisanori Shinohara 

2-6 Fluoresc巴nceswitching in Er@C82 by solvent-induc巴d巴lectrontransfer OShingo Okubo， Toshiya Okazaki， Sumio lijima 28 

Generallecture(11: 15-12: 00) 
Chemistry of Fullerenes 
2・7 Single Electron Transfer from Aliphatic Amines with [60]Full巴reneat th巴GroundState and Facile Synthesis of 29 

Tetraaminofull巴reneEpoxid巴 OTakatsuguTanaka，肋 kaNakanishi， Lρic Lemiegre， Hiroyuki lsobe， Eiichi Nakamura 

2-8 Synthesis of Full巴reneC70 Encapsulating Molecular Hydrogen 30 

o Yasujiro Murata， Shuhei Maeda， Michihisa Murata， Koichi Komatsu 
2-9 Control of Decomposition of Acrylic Polymers by dispersing Fuller巴ne-derivatives 31 

OTomoya Yamashiki， Yusuke Tajima， Toshihiko Sakurai， Ryoko Shimada， Hiroki Osedo 

ヲたすすす交交 LunchTime (12 : 00・13: 20)大女大交交交

Awards Ceremony (13 : 20-13 : 50) 

Speciallecture (13 : 50・14:20) 
2S-4 Japan's Town Factories are World's Treasure -What they can and cannot mak巴inChina- Hisayosi Hashimoto 4 

Generallecture (14 : 20・15: 05) 
Carbon Nanoparticles 
2圃10 Quantitative analysis of detonation nanodiamonds with X-ray diffraction 

Naoki Komatsu， ONaoki Kadot仏 TakahideKimura， Eiji Osawa 

2-11 S巳parationand Characterization of Polyyne Molecules in Solution 
OTomonari ~匂kabayashi， Tatsuya Doi， Rui Umeda， Motohiro Sonoda， Yoshito Tobe 

2-12 Matrix Effects on the Transformation of Nanodiamonds to Nano-Onions 
OMasaki Ozawa， M，ωayasu lnakuma， Makoto Takahashi， Eiji Osawa 

XIX 
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34 
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1なすすす大古 CoffeeBreak (15 : 05・15:20)才女女大才女

Generallecture (15 : 20・15:50) 

Fullerene Solids 

2-13 Crystal Structures of Discrete C60 Ful1erides Stabilized by Appropriate Triph巴nylmethan巴Cations
OTakahito Sugiura， Eiji Osawa， Hiroshi Moriyama 

35 

2-14 Polymerization of C60 Molecules Induced by Hole / Electron Injection from a Scanning Tunneling Microscope Tip 36 

ORyo Nouchi， Kosuke Masunari， Toshio Ohω， }匂shihiroKubozono 

Poster preview (15 : 50・16:40) 

Poster session (16 : 40・18:10) 

Chemistry of Fullerenes 

2P-1 Trapping of S-Heterocyclic Carben巴withC耐 ProbeTechnique 

OHidejかmiNikawa， Tsukasa Nakahodo， Takahiro Tsuchiya， Takatsugu 陥 kahara，G. M. Aminur Rahman， 

Takeshi Akasaka， Yutaka Maeda， Michael T. H. Liu， Akira Meguro， Soichiroめushin，Hideyuki Matsumoto， 
Naomi Mizorogi， Shigeru Nagase 

2P-2 Regiose1ective Synthesis and Structure of Hepta(organo)[60]ful1erene-Transition Metal Complexes 
OTakeshi Fujiω， Yutaka Matsuo， Euchi Nakamura 

97 

98 

2P-3 Kinetics of 1，3-Dipolar Cycloaddition of Diaryldiazomethanes with Ful1erenes C60 and C70 99 

OHiroshi Kitamura， Nozomu Seike， Taijiro Higashi， Ken Kokubo， Takumi Oshima 

2P-4 Diast巴reoselectiveComplexation of Chiral Diphosphin巴andRuthenium-P巴ntaorgano[60]ful1erene 100 

OYuichi Mitani， Yutaka Matsuo， Yu-Wu Zhong， Eiichi Nakamura 

2P・5 Application of C6o-based amine-Iabeling reagents to MALDI-TOF MS analysis 101 

OHiroki Tsumoto， Katsumasa Takahashi， Kohfuku Kohda， Takayoshi Suzuki， Hidehiko Nakagawa， Naoki Miyat，α 

2P-6 Mechanism of mechanochemical hydroxylation of fullerene 102 

OTakahiro Kubo， Eitaro Matsui， Hiroto H匂tanabe，Mamoru Senna 

2P-7 Effects of pressure and temperature on the solubility of C70 in n-hexane OShinichi Okada， Seiji Sawamura 103 

2P-8 Synthesis and Reactions of Novel Methano[60]ful1巴renes OTomoyuki Tada， Yasuhiro Ishida， Kazuhiko Saigo 104 

Metallofullerenes 

2P幽9 Recent progress of powder diffraction study of巴ndohedralmetal1oful1erene at SPring-8 105 

OEiji Nishibori， Ikuya Terauchi， Masayuki lshihara， Makoto Sakata， Masaki Taka仰，Yasuhiro Ito， Hisashi Umemoto， 
Hiroe Moribe， Tak，ωhi lnoue， Hisanori Shinohara 

2P-10 Synthesis of LaNd@C72 and Fluorescence Measurement of Nd-metal1ofullerenes 106 

ONaomi Murata， Takeshi Kodama， Yoko Miyake， Shinzo Suzuki， Koichi Kikuchi，ゐhjiAchiba 

2P-11 Reactivity of La2@C78 toward 2-Admantane-2，3-Diazirine: Structure Determination of Monoadduct La2@C78-(Ad)(I) 107 

OBaopeng Cao， Tsukasa Nakahodo， Takatsugu 陥kahara，Takahiro Tsuchiya， Kaoru Kobayashi， Shigeru Nagase， 
Takeshi A如sa初

2P-12 Radical Reaction of La@C82 in Toluene 108 

OYuta Takano， Akinori Yomogita， Takatsugu陥 kahara，Takahiro Tsuchiya， Tsukasa Nakahodo， Yutaka Maeda， 

Takeshi Ak，ωaka， Tatsuhisa Kato， Naomi Mizorogi， Shigeru Nagase 

2P・13 Structure and Properties of pur巴~@~ 109 

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

Fullerene Solids 

2P-14 Structure of Fullerene Nanowhiskers (III) OSatoru Tsuchida ， Satoru Motohashi and Hironori Ogata 110 

2P-15 Synthesis and structural investigation of fulleroid nanowhiskers OSatoru Motohashi， Satoru Tsuchida， Hironori Ogata 111 

2P-16 Photo-carri巴rgeneration and its transpo抗processin pristine C60 single crystals 112 

ORyota Tanaka， Ikuko Akimoto， Ken-ichi Kan' no 

2P-17 Fabrication and Electrical Properties of FET devices Based on C60 Nano-Whiskers 113 

OKenichi Ogawa， Asato Ikegami， Hajime Tsuji， Tomohiro Kato， Nobuyuki Aoki， Kenji Aぬchi，Sadahiro lida， Yuichi Ochiai 

xx 
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Carbon Nanoparticles 
2P-18 Deposition of platinum nano particles on carbon nanohorn particles by el巴ctrochemistryand th巴irmagnetism 114 

OMotohiro Sugaya， Takayuki Inagaki， Masako Yudasaka， Shunji Bandow， Sumio Iijima 

2P-19 Simulation of high-energy ion/atom impact on nano-carbons: El巴ctronicshake up and structural change 115 。YoshiyukiMiyamoto， Arkady Kras加ninnikov，David Tomanek 
Formation and Purification of Nanotubes 
2P・20 Tailored Synthesis of Double Walled Carbon Nanotubes by Super Growth 116 

OTakeo Yamada， Tatsunori Namai， Kenji Hata， Jing Fan， Masako Yudasaka， Don N. Futaba， Kohei Mizuno， 
Motoo Yumura， Sumio Iijima 

2P・21 Influ巴nceof ColMo Ratio on Synthesis of Single-Walled Carbon Nanotubes from Carbon Monoxide 117 

OToshiaki Nishii， Suguru Noda， Hiroshi Sugime， Naoto Masuyama， Yoichi Murakami， Shigeo Maruyama 

2P-22 Purification of Double Wall Carbon Nanotubes by Dispersion 118 

OHiromichiゐshida，Satoshi Kikuchi， Toshiki Sugai， Hisanori Shinohara 

2P・23 Synthesis of single-wall carbon nanotubes by alcohol CCVD methods using mesoporous silica with different pore size 119 

OYuya Izumi and Hironori Ogata 

2P・24 Dispersion and Separation of Smal¥ Diamet巴rSingle-Walled Carbon Nanotubes 120 

OMakoto Kanda， Yutaka Maeda， Shin-ichi Kimura， Tadashi Hasegawa， Yongfu Lian， Takatsugu ~匂kahara，
Takeshi Ak，ωaka， Said Kazaoui， Nobutsugu Minami， Toshiya Okazaki， Tetsuo Shimizu， Hiroshi Tokumoto， Jing Lu， 
Shigeru Nagase 

2P-25 Synthesis and characterization of singl巴-walledcarbon nanotubes by catalytic d巴compositionof alcohol 121 

OYanli Zhao， Kazuyuki Seko， Kensuke Okumura and Yahachi Saito 

2P-26 Supported Ni catalysts of nominal submonolayers grew single-walled carbon nanotubes 122 

OKazunori Kakehi， Suguru Nod，α， Shohei Chiashi and Shigeo Maruyama 

2P・27 Preparation of Single-Wall Carbon Nannotubes with Rh/Pd-Carbon Composite Rods in Nitrog巴nAtmosphere 123 

ONobuyuki Asai， Shinzo Suzuki， Hiromichi Kataura， Yo具jiAchiba 

2P・28 Rol巴ofBimetallic Catalysts for Growth of Single-Walled Carbon Nanotubes 124 

OToshiya Murakami， Kazuya Mitikami， Satoru Ishigaki， Kazuyo Matsumoto， Kenji Kisoda， Koji Nishio， 
Toshiyuki Isshiki， Hiroshi Harima 

2P・29 Formation proc巴ssof carbon nanocap from SiC(OOOl) surface through thermal d巴composition 125 

OT.Maruyama， Y. Kawamura， H. Bang， N. Fujita， T. Shiraiwa， K. Tanioku， Y. Hozumi， S. Naritsuka， M. Kusunoki 

Endohedral Nanotubes 
2P-30 Encapsulating p-nitroaniline into Single-Walled Carbon Nanotube 126 

OTakashi Murakami， Yuika Saito， Hiromichi Kataura， Kazuhito Tsukagoshi， Kazuhiro Yanagi， Yasumitsu Miyata， 
Satoshi Kawata 

2P・31 Formation of n-type double-wall巴dcarbon nanotubes by a Cs-plasma irradiation method 127 

o Yongfeng Li， Takeshi /zumida， Rikizo Hatakey仰臥 ToshiroKaneko， Takeru Okada， Toshiaki Kato 
2P-32 Magnetic Analysis of Nano-peapods by Soft X-ray Magnetic Circular Dichroism (MCD) Spectroscopy 128 

ORy刊V附oK，応it，ωαunα仏，Haωruya Okimηwt，ω0， Tetsuya Nakamura， Yutaka Kitamura， Daisuke Ogawa and Hisanori Shinohara 

Nanohorns 
2P-33 High Yield Purification of Carbon Nanohorn OGoshu Tamur，仏 ShunjiBandow， Sumio Iijin:ω129  

2P-34 Fractionation of Arc-Soot and dispersion of Pt-Ru Catalysts. (Reactivity with Methanol) 130 

OKeisuke Higashi， Hiroaki Niwa， Kenji Shinohara， Hirofumi Takikawa， Guochun Xu， Shigeo Itoh， Tatsuo I加zaura，
Kouji Miura， Kazuo Yoshikawα 

Properties of Nanotubes 
2P・35 Stability of Field Emission Current from a Carbon Nanotube 131 

o Yasumoto Konishi， Hiroyoshi訪問ka，Lujun Pan， Seiji Akiω， Yoshikazu Nakayama 
2P-36 Conductance of tel巴scopeddouble-wall armchair nanotube ORyo Tamura 132 

2P-37 Direct Observation of Inter -Iayer Interaction of Double-Walled Carbon Nanotubes by using UHV-STM 133 

ON. Fukui， H. Yoshida， T. Sugai， S. Heike， M. Fujimori， Y. Suwa， Y. Terada， T. Hashizume， H. Shinohara 

2P-38 Observation of Photolumin巴scencefrom Small-Diam巴terDWNTs Synthesized by the Zeolite-CCVD Method 134 

ONaoki Kishi，Satoshi Kikuchi，Toshiki Sugai，Hisanori Shinohara 
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2p.39 Morphology effect of optical prop巳rtiesin single walled carbon nanotubes detected by THz to Vis-polarized spectroscopy 135 

ON. Akima， JL Musfeldt， H. Matsui， N. Toyota， H. Shimoda， O. Zhou， M. Shiraishi， Y. lwasa 
2p.40 Exciton-photon matrix elements in single-wall carbon nanotubes 01. Jiang， R. Saito， Y. Oyama， K. Sato， J. S. Park 136 

2p.41 Electronic and Magnetic Properties of Finite-Length Carbon Nanotubes with Hydrogen Atoms Encapsulated 137 

OMasahiro Nigαwara， Shigekazu Ohmori， Akihiro lto， Kazuyoshi Tanaka 

2p.42 Resonance Raman and Photoluminescence Sp巴ctraof Suspended Single-Walled Carbon Nanotubes in Ceramics 138 

OTaro Ueno， Shingo Okubo， Tsuneaki Miyahara， Shinzo Suzuki， YofりiAchiba， Kazuhito Tsukagoshi， 
Toshiya Okazaki， Hiromichi Kataura 

Application of Nanotubes 

2p.43 Air-Stable N-type Single-Walled Carbon Nanotube Field Effect Transistors Functionalized by Amine Molecules 139 

OTetsunori Matsumoto， Satoru Suzuki， Goo-Hwan Jeong， Yoshihiro Kobayashi， Yoshikazu Homma 

2p.44 Development of Micro-focused X同raySource by Using Carbon Nanotube Field Emitter 140 

OKunihiko Kawakita， Koichi Hata， Hideki Sato， Yahachi Saito 

2p.45 Spectral Properties of Single-Walled Carbon Nanotubes Dissolved in Aqu巴ousSolutions of Biosurfactants 141 

ONaotoshi Nakashima， Ayumi Ishibashi 

2p.46 NIR Laser Irradiation toward SWNTs in Solution 142 

OKaori Narimatsu， Hiromi Shinohara，均川roNiidome， Naotoshi Nakashimα 

2p.47 Dielectrophoresis of SWNTs in a Microchip 143 

OMasashi Shinagawa， Hiroki Ago， Naoki Ishigami， Masaharu Tsuji， Tatsuya lkuta， Koji Takahashi 

Miscellaneous 

2P・48 Metal-fr巳eFormation of Spiral Carbon Structures OAkira Koshio， Teruyuki Tanaka， Toshiki Sunouchi， Fumio Kokai 144 

2p.49 On Critical Sizes of Multiply-Charged Ful1erene Clusters OMasato Nakamura， P. A. Hervieux 145 
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Speciallecture : 25 min (Presentation) + 5 min (discussion) 
Generallecture : 10 min (Presentation) + 5 min (discussion) 
Poster preview : 1 min (Presentation)， no discussion 

Speciallecture (9 : 00・9:30) 
3S・5 Super Growth: From Highly E百icientImpurity Free CNT Synthesis to Super-Capacitors and Much More Kenji Hata 5 

Generallecture (9 : 30-10 : 15) 

Formation and Purification of Nanotubes 
3-1 In-situ m巴asurementof Raman scattering and AFM during laser-heated ACCVD growth process of SWNTs 37 

OShohei Chiashi，ゐichiMurakami， Yuhei Miyauchi， Shigeo Maruyama 

3・2 Formation of Single-Wall Carbon Nanotubes in Argon and Nitrogen Gas Atmosphere 38 
OShinzo Suzuki， Nobuyuki Asai， Hiromichi Kataura， Yo具jiAchiba 

3-3 Synthesis of Horizontally-Aligned SWNTs with Controllable Density on Sapphire Surface and their Polarized Raman 39 
Spectroscopy OHiroki Ago， Naoyasu Uehara， Ken-ichi lkeda， Ryota Ohdo， Kazuhiro Nakamura， Masaharu Tsuji 

1なすすτたす"*Coffee Break (10 : 15・10:30)交交交交交古

Generallecture (10 : 30・11: 15) 

Formation and Purification of Nanotubes 
3-4 Effects of typical metallic Elements added as Catalysts for production of DWCNTs by DC-Arc discharge method 40 
OHideki Inakul・G

3-5 Selective Diameter-Control of Single-Walled Carbon Nanotubes by th巴EnhancedDirect-Injection-Pyrolytic-Synthesis 41 
(DIPS) Method OTakeshi Saito， Satoshi Ohshima， Wei-Chun Xu， Koji Matsuura， Toshiya Okazaki， Motoo Yumura and 
Sumio Iijima 

Application of Nanotubes 

3・6 Super Growth: Shape Engine巳rableSingle Walled Carbon Nanotube Solid as Flexible Conducting Mesoporous Mat巴rial 42 
ODon N. Futaba， Kenji H，αta， Tatsuki Hiraoka， Takeo Yamada， Kohei Mizuno， Yuhei Hayamizu， Tatsunori Namai， 
ゐzoKakudate， Osamu Tanaike， Hiroaki Hatori， Koji Miyake， Shinya Sasaki， Motoo Yumura， Sumio lijima 

Generallecture (11 : 15・12:00) 

Application of Nanotubes 
3み-7 F到luor与lna瓜叩tio叩noぱfCarbon Na組notu山I巾b巴岱s，Structures and Pro叩peぽ聞rti記巴 43
OHidekazu Touhara ， Hideki Arik，αi， Yoshio Nojima， Fujio Okino， Y. A. Kim， Morinobu Endo， Shinji Kawasaki， 

Hiromichi Kataura， Masako Yudasaka， Sumio lijima 

3-8 Nonlinear Optical Waveguide Device Using Carbon Nanotube-Polyimide Composite Material 44 
OShun Matsuzaki， Taro ltatani， Emiko ltoga， Masahiro 19ωα， Hiromichi Kataura， Madoka Tokumoto， Kohtaro lshida， 
Youichi Sakakibara 

3-9 Carbon nanotube transparent f1exible transistors using solution proc巴ss 45 
OTetsuo Takahashi， Taishi Takenobu， Takayoshi Kanbara， Kazuhito Tsukagoshi， Yoshinobu Aoyagi， Yoshihiro lwasa 

す育大大古"*Lunch Time (12 : 00・13: 20)すすす育大大

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

Generallecture (13 : 50-14 : 35) 

Application of Nanotubes 
3-10 Individual solubilization of carbon nanotubes using polyimides 46 
OMasahiro Shigeta， Masaharu Komatsu， Naotoshi Nakashima 

Properties of Nanotubes 
3・11 Electronic Properties in M油iusNano-Carbon Materials OK. Harigaya 47 

XXll1 
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3-12 Band Gap and Quasiparticle States in Carbon Nanotubes Takashi MIYAKE， Yoshio Aι41， OSusumu SAlTO 48 

Poster preview(14 : 35-15 : 25) 

Poster session (15 : 25・16:55) 

Chemistry of Fullerenes 
3p-1 Photoch巴mica1reaction of C60 with cyclic organosilicon compounds 146 

OJunko Nagatsuka， Tsukasa Nakahodo， Sachie Sugitani， Masahiro Kako， Takatsugu Wakaha叫 YutakaMaeda， 

Takahiro Tsuchiya， Takeshi Akasaka，ゐshikoSasaki， Osamu 1.ω， Kaoru Kobayashi， Shigeru Nagase 

3p-2 A New Effective Search AIgorithm for C60Rn Structur巴・ ConesProduct Strategy 147 

01抑制 Toida，Katsumi Uchida， Tadahiro lshu， HirψImi Yajima 
3P・3 Syntheses of water-soluble fullerene-chitosan conjugates and their radical scavenging activities 148 

OKatsumasa Nemoto， Hitoshi Sashiwa， Katsumi Uchida and Hir.仰 niYajima 

3p-4 One Pot Synthesis of Highly Wat巴r-SolubleFullerenol 149 

OHiroshi Tategaki， Sayako Kawahama， Kenji Matsubayashi， Hiroya Takada， Ken Kokubo， Takumi Oshima 

3P園5 Synthesis of Alkylated Pentamethyl[60]fullerene by lridium Catalyzed C-H Bond Activation of Toluene 150 

OAkihiko Iwashita， Yutaka Matsuo， Euchi Nakamura 

3p-6 Promoting effect of water-soluble fullerene derivatives on growth of neurites of PC-12 cells that were di百erentiatedby 151 

nerve growth factor OSyo Kawahara， Yuki Fujisawa， Hiroki Tsumoto， Kohfuku Kohda， Takayoshi Suzuki， 

Hidehiko Nakagaw， Naoki Miyata 

3p-7 Mechanisms of mechanochemical oxidation of fullerene under oxygen atmosphere 152 

OHiroto H匂tanabe，Eitaro Matsui， Takahiro Kubo， Mamoru Senna 

3p-8 Novel C6o-Phthalocyanine Conjugates Having Open-Cage C60 Skeleton 153 

ONaoaki Hashimoto， Takamitsu Fukuda， Nagao Kobayashi 

Metallofullerenes 

3P・9 Endohedral Strucures of Eu@CS2 and Gd@CS2 ONaomi Mizorogi， Shigeru Nagas巴 154

3P明10 A New Metallofullerene Growth Mechanism II OYohji Achiba 155 

3p-11 ESR Spectrum of La@CS2(Ad) Single Crystal. 156 

ORyuhei Nara， Yutaka Maeda， Takatsugu Wakahara， Takahiro Tsuchiya， Kazuhiro Takeuchi， Makoto Fukushima， 

Takeshi Akasaka， Tatsuhisa Kato 

3p-12 Synthesis and Characterization of Carbene Derivatives of La2@CSO 157 

OChika Someya， Michioぬmada，Takatsugu Wakahara， Takahiro Tsuchiya， Yutaka Maeda， Takeshi Akasaka， 
Naomi Mizorogi， Shigeru Nagase 

3p-13 Ion Mobility Studies on Sc Metallofullerenes Or. Sugai， M.F.Jarrold， H. Shinohara 158 

Fullerene Solids 

3p-14 Fabrication and characterization of solution-processed Pd-C曲 polym巳r-basedthin film transistors 159 

OYukitaka Matsuoka， Kagan Kerman， Euchi Tamiya， Akihiko Fujiwara 

3P圃15 Fabrication of high performanc巴fulleren巴field-e百ecttransistor devices and their performance control 160 

OTakayuki Nagano， Kenji Ochi， Haruka Kusai， Toshio Ohta， Kumiko lmai， Akihiko Fujiwara， Yoshihiro Kubozono 

3p-16 Surface Modification using Self.同assembledMonolayers on the EI巴ctrod巴sin Organic FETs 161 

Nobuya Hiroshiba， Hisao lshi， Ryotaro Kumashiro， OKatsumi Tanigaki 

3P-17 Fabrication of field-effect transistor devic巴swith three types of fullerodendrons by solution process， and th巴irelectronic 162 

P戸，ro叩p巴釘rti民巳sOHaωr‘叫aKu山Sα似i，l白ak如ay刊v内仰u枕耐kiNa勾gα仰noα"Kun仰m叩nik加olmα似i，}ゐos幼hi仇hinり正oKubozono， }均t匂lU此4沈耐kiS品ak如0，}j均ut，ωαk如α1均b批h如ag伊uchi，
Akihiko Fujiwara 

Carbon Nanoparticles 

3P-18 Resonance Raman Spectra of Polyyne Molecules Tatsuya Doi， OTomonari肋kabayashi 163 

Formation and Purification of Nanotubes 
3p-19 The ultrasonication power density effects on carbon nanotube dispersion in aqueous solutions 164 

OCatalin Romeo Luculescu， Toru Ishu， Teruo Taka加shi，Katsumi Uchiぬ，Tadahiro lshu， and Hirofumi均lma

3P・20 Gas Analysis of CVD Processes for High-Yield Synthesis of Singl巴-Wall巴dCarbon Nanotubes 165 

ONaoyasu Uehara， Hiroki Ago， Shingo Imamura， Masaharu Tsuji 
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3P・21 Purification of single wall carbon nanotube mad巴byarc plasma jet method 166 

OTomoko Suzuki， Kenji Suhama， Xinluo Zhao， Sakαe lnoue， Yoshinori Ando 

3P-22 Growth of carbon nanotubes on Si substrates with nanoprotrusions 167 

OMai Matsubayashi， Hideki Sato， Koichi Hata， Hideto Miyake， Kazumasa Hiramatsu， Akinori Ohshita andぬhachiSaito 

3P園23 Disp巴rsionbehavior and spectroscopic properties of SWNTs in various biopolymer solutions 

OTeruo Takahashi， Catalin Romeo Luculescu， Katsumi Uchida， Tadahiro lshii， Hir，ゆmiYajima 

3P欄24 Selective Ch巴micalVapor Growth of Vertically Align巴dCarbon Nanotubes on Pattern巴dMetal Layers 

OHiroki Okuyama， Nobuyuki lwata， Hiroshi I匂mamoto

3P-25 Preparation of Carbon Nanowires by Using Carbon Electrode Containing Fe Catalyst 

OM. Endo， A. Mizutani， X. Zhao， y'Ando 

Endohedral Nanotubes 

168 

169 

170 

3P-26 Coalescence of C耐 ina p巴apodunder electron irradiation OMasanori Koshino， Kazutomo Suenaga， Eiichi Nakamura 171 

Nanohorns 

3P-27 Large Scale Production of Carbon Nanohorns with High Purity 172 

OTakeshi Azami， Daisuke K，ωuyα，Tsutomu Yoshitake， Yoshimi Kubo， Masako Yudasakaa， and Sumio lijima 

Properties of Nanotubes 

3P・28 Mechanism of Plastic deformation of Carbon Nanotubes 173 

OHideki Mori， Shigenobu Ogata， Seiji Akiω， Yoshikazu Nakayama 

3P圃29 FET Prop巴rtiesof Surface Silylated Carbon Nanotubes 174 

ORyotaro Kumashiro， Hirotaka Ohashi， Takeshi Ak，ωaka， Yutaka Maeda， Takeshi lzumida， Rikizo Hatakeyama， 
Katsumi Tanigaki 

3P・30 High Field Magneto-optical Study of Unbundled Singl巴-walledCarbon Nanotubes to 120 T 175 

OHiroyuki Yokoi， Noritaka Kuroda， }貢jiKim， Kanae Miyashita， Said Kazaoui， Nobutsugu Minami， Eiji Kojima， 

Kazuhito Uchida， Shojiro Takeyama 

3P・31 Environmental effects of PLlRaman spectra from suspended SWNTs 
。}匂shihiroKobayashi， Daisuke Takagi， Yoshikazu Homma 

176 

3P-32 Raman study of laser-induced defects in single-wall carbon nanotube bundl凶 177

OTakashi Uchida， Masaru Tachibana， Kenichi Kojima 

3P・33 Optical Properties of Doubl巴-Walled Carbon Nanotubes 178 

OTaro Ueno， Shingo Okubo， Tsuneaki Miyahara， Shinzo Suzuki，ゐhjiAchiba， Toshiya Okazaki， 
Kazuhito Tsukagoshi， Hiromichi Kataura 

3P・34 Lithium Ion Storage Property of Peapod OShinji Kawasaki， Yuki lwai， lkumi Watanabe， Hiromichi Kataura 179 

3P・35 Energetics of Graphene intrinsic Defects Kazuaki Yamωhita， OMineo Saito 

Application of Nanotubes 

3P-36 Suspended SWNTs Functionalization with DNA and Metal Nanoparticles 

OG.-H. Jeong， T. Matsumoto， S. Suzuki， Y. Kobayashi， Y. Homma 

3P・37 AFM imaging of wrapp巴dmulti wall carbon nanotub巴inDNA

OHirotoshi Takahashi， Shigenori Numao， Shunji Bandow， Sumio Iijima 

3P-38 Derivatization of SWCNT and VGCF by a radical addition r巴action

OTakahiro Gunji， Minako Akazawa， Koji Arimitsu， Yoshimoto Abe 

180 

181 

182 

183 

3P-39 Separation of Semiconducting and M巴tallicSingle-Walled Carbon Nanotubes using a Long-Chain Benzenediazonium 184 

Compound OShouhei Toyoda， Yasuhiko Tomonari， M，ωαtaka Hiwatashi， Hiroto Murakami， Naotoshi Nakωhima 

3P-40 Excellent field emission from camphor-grown carbon nanotubes 185 

OKyohei Yasuda， Mukul Kumar， ゐshinoriAndo， Mineo Hiramatsu 

3P-41 Novel Photosynthetic Mod巴1Nanohybrids Composed of Single-Walled Carbon Nanotube Functionalized with Porphyrinic 186 

Peptides OKenji Saito， Nathalie Solladie， Shunichi Fukuzumi 

3P-42 Photoinduced Electron Transfer Reduction of Cup-Stacked-Type Carbon Nanotube 

OMasataka Ohtani， Kenji Saito， Shunichi Fukuzumi 

xxv 
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Miscellaneous 
3P-43 FT-ICR Study of Reaction of Cobalt Clusters with Alcohol， Ether and Hydrocarbon 188 

ODaisuke Yoshimatsu， Kohei Koizumi， Naoki Suyama， Shigeo Maruyama 

3P・44 Preclinical Safety Evaluation of Fulleren巴s:Acute Oral Administration and Mutagenic Studies 189 

OYuki Fujimoto， Hiroya Takada， Tomohisa Mori， Kenji Matsubayashi， Shinobu Ito， Nobuhiko Miwa， Toshiko Sawaguchi 
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基調講演 1

IS-1 

RECENT PROGRESS IN NANO-CARBON RESEARCH 

Eiji Osawa 

NanoCarbon Research Institute， 301 Toudlαi Kashiwα防nturePlaza， 5-4・19Kashiwa-no-Ha， 

Kαshiwa 277-0882， Japαn 

Fullerene/Nanotube Symposium Series began soon after the first isolation of C60 by 

Kratchmer and Huffman， and grew larger in keeping pace with the development of 

nano・carbonresea:τch. We are now commemorating its 30th Symposium but it is surprising to 

realize that the actual time span since its start until the present time is only 13 years. We have 

been fortunate to witness， and even participate in the birth and growth of a new class of 

extremely interesting materials called nano・carbonsthat so far produced so many attractive 

structures and shapes one after the other. 

Until now， new nano・carbonsspecies have been obtained only by chance and properties 

have been unpredictable as well. Some day in the near future we would like to design produce 

taylor-made nano-carbons. In this lecture， 1 would like to review common properties， 

behaviors and principles underlying a large variety of the known forms in nano・carbonsin 

order to help rational synthesis. Some of them訂'eas follows: 

8ize -Those nano・carbonpartic1es having single-digit nano-size in diameter are the most 

interesting， and still remain largely unexplored. 

Agglutination during ‘bottom-up' synthesis -The well-known tendency of nanoparticles 

to assemble spontaneously into micron-sized aggregates is actually of not much hazard in 

nano・cぽbons.Cぽe白1sonication generally su宜icesto destroy aggregates due to large surface 

area. Problem lies in much smaller but extremely tight core assemblies， often appear in 

100-200 nm in diameter and supposed to have been formed during the synthesis from atomic 

carbons. Soot， carbon nanohorn and detonation nanodiamond are well-studied examples. 

Phase transition between mu1ti-shell fullerenes and nanodiamond occurs much faster 

than the graphite-diamond transition. It is likely血atthe phenomenon is general for 

nanoparticles， but the mechanism is probably related with the increased surface activity. 

Re-organization of surface structure is often provoked but rarely accomp1ished， 

primarily because of the unavailability of single-digit nano・carbonsin relation. 

TEL:+81・4-7140・8671，FAX: +81-4-7140鋼8893，E-mail: OsawaEiji@aol.com 
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特別講演2

Ultrafast Optical Nonlinearity in Single-walled Carbon Nanotubes 

Hiroshi Okamoto 

Department 01 Advanced Mcαterials Science， Univ. 01おかo，KIαshiv.叫 Chiba277-8561， Japan 

For the u1trafast optical-switching devices， 
nonlinear optical materials with large 
third-order nonlinear susceptibility χ(3) and 
small relaxation time T1 of photoexcited st瓜es
are indispensable. One possible method is to 
utilize optical Stark effects of band-edge 
excitons in semiconductors. One-dimensional 
(lD) semiconductors are good targets， since 
excitonic effect is enhanced due to the 
singularity of 1 D Coulomb potential. However， 
optical Stark effects have not been demonstrated 
in 1D systems， e.g.， semiconductor quantum-
wires nor conjugated polymers， as yet. In this 
study， we performed femtosecond pump-probe 
absorption spectroscopy on bundled single-
walled carbon nanotubes (S¥¥明Ts)wi出 the
resonant excitation to the semiconducting 
SWNTs (SC・-SWNTs).From the resu1ts， we 
have demonstrated that SC-SWNTs exhibit 
gigantic optical Stark effects at the excitonic 
absorption， which is responsible for large χ(3) 
recently reported for resonant excitation 
conditions in degenerate configurations. 

Figure 1 shows the spectra of the transient absorption changes (Aα) of a SWNT film 

with a pump energy of nωp=0.685 eV， which is equal to由epeak of出.eabsorption (α) 
spectrum (the solid line). Just after the photoirradiation (td=0.1 ps)， a large decrease in 
absorption is observed at around nωp・Forthe negative Aαpeak at 0.685 eV， the response is 
extremely fast， occurring within the time resolution (~180 fs) [1]. The positive components at 
around 0.59 eV and 0.75 eV also include similar u1trafast components. Thus， the ultrafast 
component in the optical gap region shows a (+→) structure， which is characteristic of an 
optical Stark effect of a two-level system. For the off.幽resonantexcitations， we have observed 
clear shifts of the absorption peak， which also support the presence of the optical Stark e旺ects.
Moreover， from the detailed analyses of the Aαspectra in the in企aredregion as well as in the 
near-infrared one， we have revealed th剖 smallTl (-1 ps) for SC-SWNTs is mediated by 
u1trafast exciton-and charge-transfer processes to metallic-SWNTs. 
This work has been done in collaboration with A. Maeda， S. Matsumoto， and H. Kishida 
(Univ. of Tokyo)，工 Ta北kenobuand Y.主:Iwa部sa(σTohoku Uni討V弘.よH.Shimoda (Xintek Inc.)， O. 
Zhou(U凶v.ofNorth Carolina)， and M. Shiraishi (Osaka Univ.). 
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Fig. 1 Transient absorption (ゐα)spectra 
of a SWNT film with the pump energy 
ofnωp=0.685 eY. 
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[1] A. Maeda et al.， Phys. Rev. Lett.， 94， 47404 (2005). 

CorrespondingAuthor: Hiroshi Okamoto 
Tel: +81・4圃7136・3771，FAX: +81-4・7136・3772，E-mail: okamotoh@kルtokyo.ac.jp
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特別講演3

2S-3 

Subnanometer Diameter Nanowires and Nanotubes in the ternaηr 

molybdenum-chalcogen-halogen system 

OAles Mrzel 1，2 ， Dragan Mihailovie1， Maja Remskar1， Abdou Hassaien2 ， 
Hiromichi Kataura 2 

2 1  JOZ4Stφn lnstitute;・Jamova39，1000 Ljubljana， Slovenia 
Nanotchnology Research lnstitute， Nationallnstitute of Advanced lndustrial Science 
。ndTechnology， Central4， 1-1-1 Higashi， Tsukuba， lbaraki 305-8562， Japan 

Compounds in the temary molybdenum--chalcogen一halogensystem appear to form a 
variety of different materials such as so-called Chevrel phases and some of temary 
materials could be aligned in a class of quasi-one-dimensional materials. In 2001 a new 
nano・structuredmaterial was discovered with the proposed formula MOS(2叫Iy.lThe 
material grown in the form of bundles composed of very fine nanotubes， approximately 
1 nm in diameter. It exhibits excellent field emission properties， a large capacity for Li 
storage， great mechanical strength， a low shear modulus implying good tribological 
properties and an anomalously large paramagnetic susceptibility. Very recent!y the 
discovery of a new nanowire material with the formula M06S3I6 was reported"'. The 
material can be synthesized in large quantities in a single step， yet is functionally and 
structurally similar to MoS2I1s・Itis composed of identical small-diameter nanowires， 
weakly bound in bundles， which can be handled in the similar way as carbon nanotubess， 
yet have the added advantage that they can be dispersed in different solvents including 
the water without using the surfactants. It is shown that the sulphur atoms in the 
nanowires of M06S3I6 can be readily substituted with selenium atoms which are 
distributed in the resulting nanowires. In order to additionally functionalize some of the 
synthesized onedimensional structures a gold particles are reproducibly self assembled 
preferably onto the ends to the MoS(2_x)Iy nanotubes upon mixing of dispersion the 
nanotubes and 5 nm coloid gold dispersion. 

References 
1.Remskar M.， et α1， Science; 2001; 292; 479 
2.D. Vrbanie， et al， Nanotchnology 2004; 15; 635 
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特別講演4

2S-4 

Japan's Town Factories are羽Torld'sTreasure 

-What they can and cannot make in China-

Hisayoshi HASHI乱10TO

The National Graduate Institute for Policy Studies 

7-22-1 Roppongi， Minato-ku，おか0106-867スJapan

Surprise! 

Corresponding Author Hisayoshi HASHIMOTO 

E-mail: hasimoto@grips.ac.jp 

Tel: +81・3-6439-6205

Fax: +81-3-6439-6010 

URL: http://www.ne.jp/asahi/hashimoto/seikendai/ 
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Super Growth: From Highly Efficient Impurity Free CNT Synthesis to 

Super-Capacitors and Much More 

KenjiHata 

Research Center for Advanced Carbon Materials， National1nstitute of Advanced 

1ndustrial Science and Technologyμ1S刀，Tsukuba， 305-8565， Japan 

This presentation will provide an overview of our recent development of the 

“Super Growth" CVD. First， the synthesis of highly efficient impurity free SNWT 
forest will be described. Second， the growth dynamics will be explored with our 
recent advance in CNT synthesis， as well as characterizing the physical and 
chemical properties of SWNT forests. Third， various new forms of carbon 
nanotube material made by utilizing the super-growth technique will be 

demonstrated with emphasis on their applications such as super-capacitors. Lastly， 
challenges and future projects that are planed will be summarized. 

References: 

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

1362 

[2] Don N. Futaba， Kenji Hata， Takeo Yamada， Kohei Mizuno， Motoo Yumura， and 

Sumio Iijima， Physical Review Letters，95，0561 04，(2005) 

Corresponding Author Kenji Hata 

E-mail kenji・hata⑧aist.go.jp

Tel&Fax 029-861-6763， FAX 029・861-4851
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Molecular Dynamics Simulations for Formations and Properties of 

Various Defects on Carbon Nano・Structures

Takazumi Kawai 

Fundamental and Environment，α1 Research Laboratories， NEC Corporation 

For the applications of carbon nanostructures to nano-scale devices， contro11ing the 

atomic scale defect structures is a big issue. For the first step to control defects， 

identification of the atomic structures on nano・carbonsand their inf1uence on the 

stability and electronic properties are very important. Hereラ varioustypes of defect 

structures are investigated using tight-binding molecular dynamics simulations and 

DFT-LDA calculations. 

Tight-binding molecular dynamics simulations of a C2 molecule collision with 

nanotube surface shows that C2 molecule is sometimes inco中oratedinto nanotube Sp2 

network and forms a new topological defect structure. A line defect consists of the new 

defects are known to represent ferromagnetic spin ordering[l]. In other runs ofthe same 

kind of simulations the C2 molecule also irradiates several famous defect structures such 

as mono-vacancy， di-vacancy， and also Stone-Wales defect， although C2 molecule often 

bounce back even with a high kinetic energy of ~20 eY. 

We consider another interesting defect structure which is a junction of sp2 network 

connected by sp3 like four司foldcarbon atoms. These junction structures are formed by 

the co11ision of a graphene sheet edge with a graphene sheet surfaceラ andthere are 

almost no reaction barriers for the formation[2].百leformation processes of the junction 

structures are also applied to nanotube T-junctions， where both the colliding graphene 

sheet and targeted graphene surface are cu円 ed.

Acknowledgement: 1 am grateful to all the collaborators， especially S.Okada， 

K.Nakada， and Y. Miyamoto. This work was in p訂tperformed under the management 

ofNano Carbon Technology project supported by NEDO. 

[1] K. Nakada， K. Kuwabar丸K.Daigoku， T. Kawai and， S. Okada， in preparation. 

[2] T. Kawai， S. Okada， Y. Miyamoto， A. Oshiyama， Phys. Rev. B72， 035428 (2005). 

Corresponding Author: Takaz田niKawai 

E-mail: t-kawai⑫da. io.nec.cOI!!， Tel: 029・850・1554，Fax 029-850-2647 
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Photoluminescence mapping ofvarious (n， m) nanotubes 
by cross-polarized light 

oy由eiMiyauchi， Mototeru Oba and Shigeo Maruy田m

Department of Mechanical Engineering， The Universi砂ofToわ叫 7-3-1Hongo， Bunかo-ku，
Tokyo 113-8656， Japan 

Photoluminescence excitation (PLE) spectroscopy of single-walled carbon nanotubes (SWNTs) 

have been extensively studied for characterization of their unique e1ectronic properties due to the 

one-dimensionality. Theoretical studies and recent experiments have demonstrated that these optical 

transitions in SWNTs are dominated by strongly correlated electron-hole states in the form of excitons. 

Major peaks in a PL map correspond to the excitation transition energy of the second subband (E22) 

and the photon emission energy of the日rstsubband (Ell) of a specific SWNT， and these peaks are 
assigned to particular (n， m) nanotube species [1]. On the other hand， we can also find lower国intensity
features around main PL peaks in a PLE spec佐um.Recently， we have c1early identified that some of 
these features are phonon sideband peaks by measuring isotopic shift in PLE measurement using 

SWNTs consisting of carbon-13 [2]. In addition to the direct experimental proof of the strong 

exciton-phonon interaction [3]， we also found low-intensity‘pure electronic' features whose origin has 
never been elucidated [2]. To investigate the origin of these unassigned‘pure elec甘onic'peaks， we 
have performed polarized-PLE spectroscopy on independently aligned SWNTs in a gelatin thin film， 
and some unassigned PL peaks of (7， 5) nanotubes were attributed to excitation by cross-polarized 
light to the nanotube axis [4]. 

In this report， we have studied polarized PLE spec仕'aof various (n， m) nanotubes. Fig. 1 
shows PL peaks attributed to excitation by cross-polarized light. Detailed experimenta1 techniques 
for identification wi11 be discussed. Obtained experimental Kataura plot for cross-polarized 
light will be compared wi也 tight-bindingca1culation of SWNTs considering geometry 
optimization and curvature effect [5]. 

[1] S.M. Bachilo， M.S. S回 no，C. Kittrell， R且

Hauge， R.E. Smalley， R.B. Weisman， Science 
298， 2361 (2002). 
[2] Y. Miyauchi and S. Maruyama， submitted to 

Phys. Rev. Lett.， cond-matl0508232. 

[3] V. Per由einos，J. Tersoff， Ph. Avouris， Phys. 

Rev. Lett. 94， 027402 (2005). 

[4] Y. Miyauchi， and S. Maruyama， to be 

submitted. 

[5] M. Oba， S. Okada， T. Miyake， S. M釘uyama，

the 30th Fullerene Nanotubes General 

Symposium， Nagoya (2006). 

Corresponding Author: Shigeo Maruyama 

TEL&FAX: +81-3-5800-6983 

E-mail: man卵 na@photon.t.u-tokyo.acJp
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Fig. 1 Polarized PL map of dispersed SWNTs in s町factant
solution. Peaks indicated by circles were at仕ibutedto 
excitation by cross-polarized light. Configuration of 
polarizations w田 forenh祖国dcross-polarized absorption. 
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Family Pattern of Photoluminescence and Raman Intensity 

of Single Wall Carbon Nanotubes 

R. SaitoO， J. Jiang， K. Sato and Y. Oyama 

Department 01 Physics， Tohoku Univ. and CREST JST， Sendai 980.・8578

We present photoluminescence (PL) and resonance Raman intensity of a 

single wall carbon nanotube (SWNT) as a function of diameter and chiral angle. 

Since the electron-photon and electron-phonon matrix elements show highly 

anisotropic behavior in the k space， the obtained intensity strongly depends on 
chirality of SWNTs. The calculated intensity show a family pa“ern for (n， m) single 
wall carbon nanotubes in which 2n+m or n-m = constant SWNTs show a 
systematic frequency and intensity changes. The calculated results are consistent 

with experimental results of 1可elativeintensity of G-band Raman intensity and 

radial breathing modes (RBM) intensity of single wall carbon nanotubes. Starting 

with our basic formulation within an e玄tendedtight binding calculation， we will 
overview our main progress ob絢inedin this half year. We will compared with some 

experimental results of PL intensities to obtain the natural abundance of (n，m) 
nanotubes. This work is collaborated with MIT group of Prof. M. S. Dresselhaus， 
Tokyo Univ. group of Prof. S. Maruyama and AIST group of Dr. T. Okazaki. 

References: 

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

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

(3) Y. Oyama et al.， Carbon in press. 

(4) K. Sato et al.， in preparation. 

Corresponding Author: Riichiro Saito 

E-mail: rsaito⑨phys. tohoku.ac.jp 

Tel&Fa玄022-795・7754，6447
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Nanoscale uniaxial pressure effect of carbon nanotubes 

on the Raman spectra 

*Taka-aki Yano 1， y:錨ushiInouye 1.3組 dSatoshi Kawata 1.3 

lOsa初 Universiη¥Suita， Osaka 565・0871，Japan 

2RIKEN， "匂ko，Saitama 351・0198，Japan 

3 CREST， Japan Corporation Of Science and Technology， Japan 

When single wall carbon nanotubes (SWNTs) are pressed by extemal force， the structure and 

the electronic property of the SWNTs are changed. These changes can be spectroscopically 

analyzed by measuring a Raman spectrum under the pressure. In our study， we have measured 

Raman scattering of the locally-pressurized 

SWNTs at nanometer scale by using a metal-

coated atomic force microscope (AFM) tip 

that confines and enhances photons under the 

tip apex. Nano-Raman spectra of an isolated 

SWNT bundle were measured in situ while 

gradually applying uniaxial force up to 2.4 

nN to it by a silver-coated AFM tip [2]. We 

found out pressure dependence of Raman 

企equenciesof radial breathing mode (RBM) 

bands， the D-band and the G四band，which 

had not been observed yet in other micro-

Raman experiments under hydrostatic 

pressure，出 shownin fig. 1. Furthermore， 

pressure dependence of the Raman intensity， 

which was related to modification of the 

electronic band gap energies of SWNTs due 

to the radial deformation was investigated. 

References: 

[1] Y. Inouye阻 dS. Kawata， Opt. Lett. 19， 159 (1994). 

[2] T. y，佃0，Y. Inouye，回dS. Kawata， submitted 

Corresponding Author: Yasushi Inouye 

(a) 0 nN (without the tip) 
RBM 

↓ 

1 doo 12'00 14bo 16'00 1800 2000 
Raman shift (cmサ

Fig. 1 Nano-Raman spectra measured by 

applying uniaxia1 force up to 2.4 nN. 

E-m氾1:ya-inoue@ap.eng.osaka-u.ac.jp， Tel: +81-6-6879-4243， Fax: +81-6-6879-7330 
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Chirality-dependent environmental effect on photoluminescence of SWNTs 

Os.Iwasaki~， y. Ohno1，2， Y. Mur成田ne，S. Kishimoto1， S. M町uy田na3，and T. Mizutani 1 

1 Dept. ofQuantum Eng.， Nagoya Universi肌Furo-cho，Chikusa-ku， Nagoyα464・8603，Japan 

2 PRESTO/JST， 4-1-8 Honcho Kmグaguchi，Saitama 332-0012， Japan 

3 Dept. of Mechanical Eng.， The University ofおか0，7・3-1Hongo， Bunか0・ku，おか0
113-8656， Japan 

Optical transition energies in S\\弓~Ts are affected by environmental condition 

because the electric field regarding carrier-carrier interactions spreads outside the SWNTs. 

The SWNTs suspended in air are important samples as a reference to investigate the 

environmental e百ect[1]. We have investigated the PL and PLE map of SWNTs suspended in 

air for 20 chiralities， which is compared with the results reported for SDS-wrapped SWNTs 

[2]. 

An SEM image of our sample is shown in Fig. 1. The SWNTs suspended in air were 

grown on a grated qu紅白 substrateby alcohol CVD. Figure 2 shows the energy shifts of Ell 

and E22 of air-suspended SWNTs from those of SDS-wrapped SWNTs as a function of chiral 

angle. Here， the open squ紅白 andclosed circles represent type-I [(2n+m) mod 3 = 1] and 

type-II [(2n+m) mod 3 = 2] SWNTs， respectively. The Ell and E22 are mostly blueshifted by a 

few tens meV except for E22 of type-II SWNTs with small chiral angle (ne訂 Zigzag).The 

amounts of energy shifts， M ll and M22， show different dependence on chiral angle between 

type-I and type-II. In the case oftype-I S¥¥明Ts，M ll is larger for larger chiral angle whereas 

M22 is smaller for larger chiral angle. In contrast， type-II SWNTs shows opposite 

dependences. These resu1ts clearly show that the environmental effect on optical transition 

energies depends on the chirality (n， m). 
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Fig. 1 SE恥1image of sample. Fig. 2 Chiral angle dependence of L1E11， L1E22・

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

[2] R. B. Weisman et al.: Nano Le抗.3(2003) 1235 

Corresponding Author: Yutaka Ohno 

E-mail: yohno@nuee.nagoya-u.ac.jp， TEL&FAX: 052・789-5387&052・789・5232
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Mid-gap luminescence centers in single圃wallcarbon nanotubes created by 

UV illumination 

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

Nanotechnology Research lnstitute， Nationallnstitute 01 Advanced lndustrial Science and 
Technology (AIS刀， 1-1-1 Higashi， Tsukuba， lbaraki 305-8565， Japan 

We report the e依 ctof UV illumination on optical properties of single-wal1 carbon nanotubes 
(SWNTs)， isolated using various dispersants including carboxymethylcel1ulose (CMC)， 
hydroxyethlycel1ulose (HEC)， etc. Water solutions and cast films prep紅edusing commercial 
SWNTs (HiPco， CoMoCAT加 dCarbolex) have been studied. 

Fig旦旦1outlines a summary of changes 
in PL spectra (λex = 662 nm)企omCMC/ 
CoMoCAT film: illumination by ful1 
spectrum of D2 lamp σ~ 4 mW/cm2) 
strongly reduces PL intensity in a 
timescale t~ 15 min. Illumination was 
carried out in vacuum to avoid sample 
oxidation. Interrupting illumination at this 
stage resulted白血11recovery within 1 hr. 
However， longer illumination (> 2 hr) 
produced significant spectral changes: 
weakening of the 980， 1050 and 1150 nm 

950 1000 1050 1100 1150 1200 12田13∞沼田14∞ peaks and appearance of a strong signal at 
Fig.1 Waveler唱th(nm)~1240Im-百losechanges could only be 

observed at a few hrs after turning off D2 lamp， but not during illumination; changed spec住a
were stable for at least 60 days and could not be reversed even by annealing. 
The newly produced PL peaks have been studied in detail with PL， PL excitation (PLE)， 
and optical absorption (OA)，部afunction of illumination wavelength and dispersant. We find 
由at也epresence of dispersant is essential for the UV-induced changes， and that the excitation 
spectrum of the changes matches the OA spectrum of血edispersant. The obtained results 
suggest the fol1owing scenario of由osechanges: during the first stage of UV illumination 
(t~15 min) charge transfer occurs between the dispersant and SWNT resu1ting in reversible 
quenching of OA and PL. However， prolonged illumination (t > 2 hr) resu1ts in irreversible， 
probably photochemical， reactions between the dispersant and SWNT. As a result， defect 
states are created in the forbidden gap of SWNT. They could not be detected by OA， but 
produced new， rather e:fficient PL peaks. Polarization of由osePL peaks could be induced by 
stretching polymer/SWNT films由usrevealing the extended (1-D， rather th組 0・D or 
"quantum dot like") character of the newly produced defect states. The position of those new 
peaks is dispersant dependent. The proposed model of 1・Ddefect states is further supported 
by the PLE resu1ts. 
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Single walled carbon nanotube analysis: Rapid， robust acquisition and 
simulation of quantum and chiral maps to ease structural assignments. 

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

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

This paper describes improved methods for both da旬 acquisitionand analysis that are 
pertinent to interpreting the structural composition of single-walled carbon nanotube 
(SWNT) mixtures and suspensions. Rapid data acquisition is made possible with a 
specially configured spectrofluorometer which uses a liquid nitrogen cooled InGaAs 
array detector， imaging spectrograph， excitation reference photodiode and tunable xenon 
excitation source to collect seamless， instrument-corrected excitation-emission quant凹n
maps. The preferred instrument configuration with the InGaAs array can generate a 
quantum map with both high S/N levels and spectral resolution in only seconds to 
minutes; previous single-channel InGaAs photodiode and photomultiplier detector 
measurements took hours to days. The standard spectral range for excitation and 
emission is企om250 nm to 1700 nm with an option to extend to 2200 nm. Robust 
analysis of the quan旬mmaps is白.cilitatedby a custom global analysis program (US 
Patent pending) which incorporates a powerful‘double-convolution integral' DCI 
algorithm to simultaneously model the excitation and emission spectral bands for each 
SWNT species. The patented DCI algorithm reduces the number of合'eefitting 
parameters for the spectral simulation by up to a factor of 1000 compared to conventional 
2 D spectral simulators. The global analysis yields quantitative information on the 
chirality and diameter parameters of SWNT species in a given mixture. Together the 
acquisition hardware and analysis so世wareconstitute significant developments with 
respect to enhanced sensitivi旬andstatistical significance for quantifying the components 
of complex SWNT mixtures. 

Corresponding Author: Adam M. Gilmore 
Email: adam.!!ilmore(a)，iobinvvon.com 
Tel: 732-494-8660玄135
Fax: 732-549-5157 
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Third-order Nonlinear Optical Response and Rela玄ationDynamics 

in Double-Walled Carbon Nanotubes 

OA. Nakamura
1， T. Tomikawa1， S. Imamura1， M. Wa同nabe1，Y. Hamanaka2， Y， Saitot， 

andH. Ag03 

1 Department of Applied Physics， Nagoya University， Nagoya 464-8603， Japan 
，. Nagoya Institute ofTechnology， Nagoya 466・8555，Japan 

.J Institute for Materials Chemistry and Engineering，めlUshuUnかersity，
Fukuoka 816-8580， Japan 

Single-walled carbon nanotubes (SWNTs) shows the 1訂geenhancement of由e

third-order non1inear optical susceptibility i3) due to出eexciton e町民tand the van Hove 
singularity in optical transitions between valence and conduction bands[I，2]. In double-walled 

carbon nanotubes (DWNTs)， interaction between inner田吋 outer加.besmodifies electronic 

and vibrational properties， and consequent1y non1inear optical response and relaxation 

dynamics of excited states may be a:ffected by the inter-wall interaction. In this presentation， 

we report on relaxation dynamics of photoexcited carriers and third-order non1inear optical 

susceptibilities studied by femtosecond pump-probe spectroscopy. 

Raw materials of DWNTs were produced by a chemical vapor deposition method 

using Fe nanoparticles with the diameter of 10 nm町ldMgO powder as catalysts. DWNTs 

were dispersed in water-surfactant to ob阻inindividual nanotubes， each encased in a 

cylindrical micel1e. The average diameters of inner and outer tubes are 1.4 and 2.2 nm， 

respectively. Pump-probe measurements have been carried out using a 150 fs・wid血 p田np

pulse with the photon energy of3.2 eV and a white continuum probe p叫se.

Absorption sp∞仕aindicate sharp structures corresponding to di:fferent diameters and 

chirality. Relaxation times measured for the lowest band-to-band transitions of 

semiconducting inner tubes exhibit double-exponential decay behavior; the decay times of the 

白stand slow components訂e~0.4 and 2.1-7.5 ps， respectively. In SWNTs吐ledecay time in 

the range of 0.5-1.2 ps is strongly dependent on the photon energy， which is main1y due to the 

intraband relaxation of photoexcited carriers and defect trapping. Therefore， the 

energy-independent behavior of the fast component is in contrast to the result observed for 

SWNTs， indicating the existence of a carrier rel砿 ationchannel from inner to outer tubes. The 

slow component is ascribed to由enon-radiative recombination of electrons and holes relaxed 

at the band bottom. 

Third-order no凶me紅 opticalsusceptibilities i3) in the non-degenerate ∞凶guration
were also measured with the pump-probe method. The figure ofmerit Imi3)/α(α: absorption 
coe伍cient)is -2.4xl0-14 esu cm around 1 eV， which is comparable to吐levalue (-5.6 XlO-14 

esu cm) for the Ell仕組sitionin SWNTs. 

[1] T. Tomikawa et al吋Abstractof27由FullereneNanotubes Symposium， p.20， 2004. 

[2] A. Maeda et al.， Phys. Rev. Lett. 94， (2005) 047404. 
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Effects of Gravity 00 SWCNT Dissipative Structures 

loduced by DC Electric Field 

Syuichi Sato and OMasahito Sano 

Dξpartment 01 POかmerScience and Engineering， Yamagata Universiか
4-3-16みonan，】'imezawa，Yamagata 992-8510JAPAN 

Dissipative structures appear in non-equilibrium systems where either matter or 

energy is transferred between the systems and outsides. Examples inc1ude Benard 

convection and Belousov-Zhabotinsky reactions.可rpically，these phenomena are 

mode1ed by non-linear equations with some kinds of feedback. As one process 

procee也， another process that interacts non-linearly becomes active.百leseprocesses， 

出en，limit or accelerate each other. Thus， identiちringthe relevant processes is quite 

important to understand dissipative phenomena. 

Previously， we have reported that applying DC electric field to an aqueous 

dispersion of single-walled carbon nanotubes (SWCNTs) produces dissipative pattems 

on the anode surface. Experimentally， two flat paralle1 plates are laid horizontally and 

the top plate is made anodic. SWCNTs are treated in acids to afford negative charges. 

τ'he pa仕emsappe訂 asa result of non-uniform SWCNT concentration distribution near 
the surface and disappear when由eDC field is tumed off. Initially uniformly dis仕ibuted

SWCNTs gather to form 1ine segments which are connected to make polygonal cells. 

Afterw訂d，SWCNTs start moving along the line toward the point where the cells meet 

and produce anotherザpesof well司definedpattems. We have found that吐lereis a 

threshold voltage for the pattem formation and the size of the cells is exact1y the same 

出 thee1ectrode separation. These properties resemble those of Benard convection. In 

the convection， both temperature gradient and gravity play the m可orrole. 

Stimulated by these similarities， we have investigated the e宜ectsof gravity. 

Two ITO plates were fixed in various orientations and the pattems were recorded. We 

have observed that the cell pattem appear irrespective of the plate orientation， implying 

that the gravitational e能 ctis not re1evant. On the other hand， the later p副 emmaybe 

a自己ctedby the plate orientation. 

Corresponding Author: Masahito Sano 

E-mail: mass@yz.yamagata-u.ac.jp 

Tel&F鉱:+81・(0)238園26・3072
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Mechanical Characteristics ofHigh-Density and Well-A1igned 

Carbon Nanotubes on SiC 

M. Kusunoki1， H. Usami2， D. Igimi1 and K. Miyake3 

lJapan Fine Ceramics Center， Nagoya 456-8587， Japan 

2Dept. of Materals Science & Engineering， Meijo Univ. Nagoya， 468-8502， Japan 

3 Advanced lndustrial Science and 1恥chnologyμ1S刀，Tsukuba，305-8564， Japan 

Carbon nanotubes (CNTs) have unique mechanical properties， such as high elastic 

modulus， high tensile and flexural strength. CNT filled polymer， ceramic and metal 

nano-composites have been synthesized for tribological applications. These composites showed 

that the仕ictionresistance and wear rates were reduced through the addition of CNTs [1]. 

However， it is not easy to disperse CNTs uniformly in the composite. Furthermore， aligned 

CNTs up to several microns in thickness deposited on select substrates by chemical vapor 

deposition (CVD) are also expected ωconfigure nanostructured surfaces in tribological 

applic瓜ions.However， CNTs are subjectωpeeling off from the substrate surface. 

We have reported well-aligned and high・densityCNTs are synthesized by s町face

decomposition of SiC(OOOI). High resolution住ansmissionelectron microscopy revealed the 

CNTs connected directly to the SiC surface without any amorphous [2]. Then， it is expected that 

the CNTs adhere to the SiC substrate. 

百lepresent study described novel企ictionalresponse obtained by a flexibility of CNTs 

layer σig.l) and excellent erosion resistance against the collision of diamond abrasives (Fig.2) 

by high adhesion strength of CNTs layer. These results showed that the CNTs synthesized by 

the present method have the self-control ability of企ictionresistance and high erosive wear 

resistance. 

[1] W. X. Chen et al.， Tribol. Le抗.， 15， 275 (2003). 

[2] M. Kusunoki et al.， Chem. Phys. Lett.， 366，458 (2002). 
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Electronic structures of the interface between carbon nanotubes and 

titanium electrodes measured by hard x-ray photoemission 

spectroscopy 

OD. K'Ond'01，2， M. Nihei1，2， A. Kawabata1，2， S. Sat'01，2， E. Ikenaga3， M. K'Obata3 

，J.-J. Kim3， K. K'Obayashi3， S. K'Omiya3， Y. Awan'01，2 

lNanotechnology Research Center， Fujitsu Laboratories Ltd， 2Fujitsu Limited 

10-1 Morinosato・Wakamiya，Atsugi 243-019スJapan

3.f1.伊anSyncrotron Radiation Research Institute/SPring-8 

1-1-1 Kouto &のlo-choSiの0・gun，砂ogo679・5198，Japan 

Carb'On nan'Otubes (CNTs) are a promising candidate f'Or wiring materials in白加reLSI 

interc'Onnects due t'O their unique electrical prope均'.F'Or such an applicati'On， it is imp'Ortant t'O 

achieve l'Ow-resistance 'Ohmic c'Ontacts between CNTs and metal electr'Odes [1]. In this study， we 

have investigated the electr'Onic s仕ucturesat the interface using the hard x-ray ph'Ot'Oemissi'On 

spectr'Osc'Opy (PES). The PES measurements were perf'Ormed at the BL47XU in the SPring-8. 

CNTs were gr'Own 'On a 30・nmnickel/50・nmtitanium d'Ouble layer dep'Osited 'On a silic'On 

substrate using chemical vap'Or dep'Ositi'On. 

Figure 1 sh'Ows C 1 s c'Ore-level spec伽 afterthe CNT gr'Owth. The spec回 (a)and (b) were 

measured at di百erentemissi'On angles. It has been f'Ound that tw'O features 'Observed in the 

spectrum (a) are assigned t'O CNTs and titanium carbide (TiC).百le'Observati'On 'Of TiC means 

that g'O'Od 'Ohmic c'Ontacts were f'Ormed at the interface. H'Owever， n'O feature c'Orresp'Onding t'O 

TiC has been f'Ound in the spectrum (b).百leseresults suggest that the 'Oxidati'On 'Of the titanium 

layer pr∞eeded during the gr'Owth pr'Ocess，曲uspreventing TiC企ombeing f'Ormed in the regi'On 

near the surface. 

Acknowledgement:百leauth'Ors th創tkDr. N. Y'Ok'Oyama 'Of Fujitsu Lab'Orat'Ories Ltd. f'Or their SUPP'Ort 

and useful suggesti'Ons.官邸w'Orkwas sUPP'Orted b 

Advanced Nan'Ocarb'On Applicati'On Pr'Oject， which 

c'Onsigned t'O Japan Fine Ceramics Center (JFC仁

New Energy and Indus仕ialTechn'OI'Ogy Devel'OP 

Organizati'On (NEDO) 'Of Japan. 
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Vibration analysis of carbon nanotube cantilevers 

S吋iAkita1，Shintaro Sawaya1 and Yoshikazu Nakayama1，2 

1 Department 01 Physics and E/ectronics， Osaka P同fectureUniversity 

1-1 Gaぬ'ku刷enト-choα"Sakai， Osaka 599-8531， Japan 
2Handαi Frontier Research Center， Graduate Schoo/ 01 Engineering， Osaka Universi砂

Suita， Osaka 565四0871，Japan 

Cantilever miniaturization is crucial to realize highly sensitive mass detection based on the 
resonant企equencyshift of the cantilever. Carbon nanotubes (CNTs) are appropriate for this 

applications because of their light weight， high出pectratio， and extraordinary mechanical 
prop出 ies.In order to realize higher sensitivity， the detailed analysis of the vibration of the 
CNT cantilevers should be required. In this study， we have investigatβd the vibration of 
multiwall carbon nanotubes (MWCNT) using a nanomanipulation technique inside a scanning 
electron microscope (SEM)1，2 and molecular dynamics (MD) simulations. 

Figure 1 shows an example of the resonant企'equencycurve for a MWCNT with由elength 
of 6.7μm and the diameter of 12 nm. The quality factor， Q， is ~ 1500 at the resonance of 
730.26 kHz. The Q factors for several nanotubes examined were in the range of 
300~2000.The intrinsic nanotubes should have higher Q factors because the nanotubes used in 
this experiment were covered slightly with contamination deposited during SEM observation. 
We have performed the MD  simulations for single-wall (SW) and double-wall(DW) CNTs 
with the same outer most lay町 of(15，15)and the length of 24.9 nm at constant tempera回res
of 1 and 300 K， where a MM3 potential see w儲 used. 250 
The oscillation of the nanotubes for lns were 官
calculatβd伽由erecovery process after the buckling ~ 200 
of the nanotubes. The resonant 合equencies are ....: 150 
surnmarized in Table 1. For both nanotubes， the :; 
resonant frequencies at 1 K are lower than that創 300 ~OO 
K. Furthermo民 thetemperature dependence of the ~ 50 
resonant frequency ofthe SWCNT is larger th組 thatof c( 

the DWCNT. This result imp1ies the weak temperat町e ヲ27728 729 730 731 732 733 734 
dependence of the van-der-Waals interactions for the Fr伺 uency(kHz) 
interlayer of the DWCNT. Whereas the spring constant Fig.l Resonant curve for the MWNT. 

for the DWCNT is larger than the SWNT， the weight of 
the DWCNT is heavier than that of the SWCNT. As a 
result， the resonant合'equencyof the DWCNT becomes 
lower th佃 thatof the SWCNT. The significant energy 

dissipations for both CNTs at 1 and 300 K could not be 
observed for 1 ns. Further calculations are required 
accurate evaluations of the Q value. 

Table 1.恥白隠S叫tsof vibration analysis 
for批 (15，15)SWαT and the (10，10)・
(15，15) DWCNT. 

lK 
(GHz) 

300K 
(GHz) 

SWCNT 
DWCNT 

8.5 12 
7.1 11 

References: 
1) M. Nishio， S. Sawaya， S. Akita， and Y. Nakayama， App1. Phys. Lett. 86， 133111 (2005). 
2) M. Nishio， S. Sawaya， S. Akita， and Y. Nakayama， NSTB 23， 1975(2005). 
3) N. L. Allinger， F. Li and L. Yan: J. Comput. Chem. 11，848 (1990). 
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First-principles calculations of the radial breathing mode of peapods 

Susumu Okada 

Center for Computational Sciences， University of Tsukuba， Tennodai， 

Tsukuba 305-8571 

Carbon nanotubes have been attracting a lot of attention in the both fields of p町eand 

applied sciences due to their unique structural and electronic properties which are 

applicable for nano・scaledevices. To utilize the nanotubes for the various purposes， it is 

important to characterize a diameter and a chiral angle of an individual single-walled 

carbon nanotube. Raman spectroscopic experiment is a promising tool for the 

identification and probing the geometric structure of nanotubes. In particular， the radial 

brea由ingmode (RBM) plays the crucial role to determine the diameter of the n組 otubes.

In addition to也estructural identification， the RBM mode is also applicable for 

monitoring the modulation of surrounding condition of the nanotubes， such出

intercalation and encapsulation of atoms and molecules. Indeed， Bandow et al showed 

that encapsulation of白llerenesinto nanotubes induces small shift of the RBM 

企equencyfrom the empty nanotube [1]. F町出er，they also reported that由eshift 

strongly depends on the diameter of the nano加he.

In the present work， we reveal how the RBM丘'equencydepends on the diameter of 

nanotubes for the fullerene encapsulation by using the first-principles total-energy 

calculations. We use peapods consisting ofC60 and metallic (n， n) nanotubes (n=9，1O，11， 

and 12). For the (9，9) and (10，10) nanotubes， we find th瓜 theRBM仕'equenciesof the 

nano加hesshift upward by 86 cm-l and 3 cm-l for C6o@(9，9) and C6o@(1O，1O) peapods， 

respectively. In sharp con仕astto也e由mn佃 0旬hes，RBM 企equenciesof (11，11) and 

(12，12) nanotubes containing C60 shift downward by 2 cm-
l and 1 cm-l from those ofthe 

empty (11，11) and (12，12) nanotubes， respectively. We find th剖 thedownward shift is 

induced by the small charge transfer 企om血eπelectronof the nanotuhe to the space 

between the nanotube and C60・

References: 

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

nanotubes 

o Y. F. Li， R. Hatakeyama， T. Kanek'O， T. lzumida， T. Okada， and T. Kat'O 

Department 01 Electronic Engineering， Tohoku Universi収 Sendai980-8579， J.中仰

Single-walled carb'On nan'Otubes (SWNTs) are kn'Own t'O be either metal1ic 'Or 
semic'Onducting based 'On their chirality and diameter. A number 'Of investigati'Ons 'On 

semic'Onducting SWNTs have led t'O the devel'Opment 'Of field-effect transist'Ors (FETs). The 
pristine SWNTs are f'Ound t'O e対曲itp勾pebehavi'Or [1]， which is mainly at凶butedt'O 
ads'Orpti'On 'Of 'Oxygen 'On the SWNTs. n-type SWNTs FETs can be f'Ormed by d'Oping impurities 

such as alkali-metals 'Or 'Other 'Organic elec仕ond'On'Ors inside SWNTs [2， 3]. H'Owever， the 
current electr'Onic devices based 'On SWNTs mainly utilize the charge 'Of c'Onductance 

electr'Ons. Theref'Ore it is quite natural t'O出kifb'O出thecharge and spin 'Of electr'Ons can be 

used in semic'Onducting SWNTs t'O further enhance the perf'Ormance 'Of devices. One 'Of 
pr'Omising ways t'O realize the ab'Ove p田p'Oseis t'O inject ferr'Omagnetic elements such as Fe， C'O 

'Or Ni int'O n'On-ferr'Omagnetic SWNTs t'O make them magnetic. 

In this study， we rep'Ort 'On由esynthesis 'Of ferr'Omagnetic semic'Onducting SWNTs by Fe 
filling. The synthesis 'Of Fe-filled SWNTs is realized by using ferr'Ocene as the starting 

material [4]. The structure and m'Orph'Ol'Ogy 'Of Fe-filled SWNTs is c'Onfirmed by several 
techn'Ol'Ogies which include HRTEM， EDX， and Raman Spectrum analyses. Electr'Onic 
properties 'Of SWNT-FET indicate由atferr'Ocene-filled SWNTs e泣曲itan interesting 

ambip'Olar semic'Onducting behavi'Or c'Ompared with typical pristine p-type SWNTs.1n c'On仕ast，
unip'Olar n-type characteristics f'Or Fe-filled SWNTs are significantly f'Ound. Figure 1 depicts 

the current versus v'Oltage (lml Va) characteristics 'Of n-type Fe-filled SWNT-FET (right， 'Open 
circle line) and pristine p-type SWNT-FET (left， circle line)， which indicates ferr'Omagnetic 
semic'Onducting SWNTs can be created by Fe filling. 
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Fig. 1. IDs-陀curvesfor n-type Fe-filled SWNTs (right) and p-type pristine SWNTs， respectively. 

[1] R. Martel et al.， Appl. Phys. Lett. 73， 2447 (1998). 
[2] T. lzumida et al.， Jpn. J. Appl. Phys. 44， 1606 (2005). 

[3] T. Takenobu et al.， Nature Materia1s 2， 683 (2003). 
[4] Y. F. Li et al.， Abstract of29也FullereneGeneral Symposium， lP-33 (2005). 

Corresponding Author: Y'Ongfeng Li， E-mail: yfli@plasma.ecei.t'Oh'Oku.ac.jp 
Tel & Fax: 81-22-795-7046/263・9225

-19-



1-14 

Optical Properties of s-carotene inside 

Single-Walled Carbon N anotubes 

OKazuhiro Yanagi， Yasumitsu Miyata，組dHiromichi Kataura 

Self-Assembled Nano-Electronics Group Nanotechnology Research 1nstitute (N町j
National1nstitute 01 Advanced lndustrial Science and Technology (AlSη 

1-1-1 Higashi， Tsukuba， lbaraki 305-8562， Japan 

Abstract: Producing the next generation of technologies， such as al1-optical switching 

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

of materials that have the fol1owing three f切れrres，(1 ) large third司orderoptical 

nonlinearity， (2) ul佐a-fastoptical response， and (3) sufficient robustness for device 

application. n-conjugated polyene molecules have the potential to satis今 al1three 

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

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

s-carotene is a mode1 system for n-conjugated molecules. We found that s-carotene can 

be encapsulated inside single-wal1ed carbon nanotubes (Car@SWCl灯s). 百le

conformation of the encapsulated s-carotene is 

discussed企omits Raman spectra. The filling 

rate of s-carotene in Car@SWCNT is 

estimated企omthe absorbance of s-carotene 

in Car@SWCNT. We found that s-carotene in 

Car@SWCNT was quite stable under但nbient

(a) 

conditions. The surrounding tube-wal1 (b) 

protected s-carotene from reacting with 

radical species and suppressed its 

isomerization. Therefore， the encapsulation 

technique of s-carotene presented here can be 

a good breakthrough for application of 

7トconjugatedmolecules to photonic device 

materials. 
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(a) Chemical structure of s-carotene， and 

(b) a schematic illustration of s-carotene 

inside a (12，8) SWCNT. 
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Cap effects of Gd acetate on nanohorn holes 

OR. Yuge¥ J. MiyawakP， M. Yudasaka1，2， Y. kubo¥ E. Nakamura3， H. Isobe3， H. 
Yorimitsu3， and S. Iijima1， 2， 4 

ー INEC， 34 Miyukigaoka， Tsukuba 305-8501， Japan 
3SORSTLJSZ34Mj抑kigaoka，Tsukuba 305・8501，Japan 

4 The universtOY Qfあわ叫 Hongo，Bunか0・ku，おかo113-0033， Japan 
Meijo University， 1-501 Shiogamαguchi， Tenpaku-ku， Nagoya， 468-8502， Japan 

Single-wall carbon nanohoms (SWNHs) have inherent hollow spaces， and the holes ofthe 

sheath walls can be opened easily by the heat treatment in oxygen (SWNHox). Various kinds 

ofmaterials， such as C60 [1] and Pt-compound [2]， can be incorporated and released inlfrom 

the n加 ospaceof SWNHox. Hashimoto et al [3] previously demonstrated using transmission 

electron microscopy that the Gd-acetate was deposited at the hole edges and inside S¥¥明Hox.

It was also demonstrated that the Gd-acetate clusters had the cap effect， that is， they 

suppressed the C60 incorporation into SWNHox. In this study， the cap effect of Gd acetates 

deposited at the hole edges and inside SWNHox was quantitatively evaluated through the 

analysis of the C60 release from the inner space of SWNHox. 

C60 was incorporated inside SWNHox (C6o@SWNHox) by the nanかprecipitation[1]， and 

the holes of SWNHox were capped by Gd-acetate (Gd-C60@SWNHox) [3]. By immersing 

C6o@SWNHox in toluene， about 90% of C60 was released [l]， while Gd-C60@SWNHox， 60%. 

The SWNHox sheaths encapsulating the remaining-40% C60 had the two types of Gd-acetate 

caps: one was the Gd-acetate cluster located inside the sheathヲ andthe other one was that 

attached to the hole edge. The number ratio of SWNHox sheaths with the former and latter 

type caps was about 1 :2. We removed the Gd-acetate caps by washing with water. After 

washing with water， most of the remaining-40% C60 was released in toluene. 
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Formation of Carbon Nanofibers Having an Array of Conical Nano 

Cavities and Snapping at Their Nodes 

o Akira Koshio， Yuta Takemura and Fumio Kokai 

Department 01 Chemistry戸rMaterials， Mie University， 1577 Kurimamachiya-cho， Tsu， 

Mie 514-8507， Japan 

A catalytic chemical vapor deposition (CVD) method has been extensively investigated 

部 apromising method for the grow也ofcarbon nanofibers (CNFs) and carbon nanotubes. 

In fact， various structures of CNFs were formed by controlling growth conditions such as 
metal ca旬lysts組 dreac旬ntgases. Recently， we found白瓜 CNFshaving an array of 

conical nano cavities were formed by an alcohol CVD method using indium tin oxide 

(ITO) / Fe as metal catalysts.百leCNFs contain the conical nano cavities in a 

one幽dimensionalarray at uniform intervals. In this s印dy，we explored the most effective 

growth condition of the CNFs and studied on the possible formation mechanism of the 

one-dimensional array of conical nano cavities. Moreover， we report that the CNFs are 

easily snapped at their nodes corresponding to the bases of conical cavities. 

A substrate for the CVD was prepared by spraying ethanol solution of InCl]， SnCb and 

FeCl] on a Si plate maintained at 400 oC followed by heating at 600 oC for 30 min. in Ar 

atmosphere. The CVD growth of the CNFs was carried out at a vapor pressure of ethanol 

containing a small amount of CS2 for 30 min. 

Electron microscopic observation revealed由atthe inner 償問旬reconsisted of an array 

of periodic conical cavities with lengths of 300-800 nm (Fig. l(a)). Nodes of the CNFs， 

which correspond to the bases of conical cavities， are企agiledue to the very thin s住ucture.
The CNFs can be easily 

cut in 1・10pitch at the 

nodes like snapping 

branches by mechanical 

force such as ul仕asonic

irradiation (Fig. 1 (b)). 

We suggest that 由e

snapping technique using 

O町 CNFs may be 

suitable for controlling 

the len俳 ofCNFs.
Fig. 1 (a) As-grown CNFs having an array of conical nano cavities. 
(b) Short CNFs snapped using ultrasonic irradiation. 
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Structural Determination of SC3CS2 

o Yuko Iiduka， 1 Takatsugu Wakahara， 1 Tsuk出 aNakahodo，I Takal註roTsuchiya， 1 Akihiro 
Sakuraba，2 Yutaka Maeda，3 Takeshi Akωaka，恥1Kenii YOza， 4 Emst Hom，5 Tatsuhisa Kato，6 

Michael工H.Liu，7 Naomi Mizorogi，8 Kaoru Kobayashi，8 Shigeru Nagase*，8 

lCenter for TsukubaAdvanced ResearchAlliance， University ofTsukuba， 2Graduate School of 

Science and Technology， Niigata University， 3 Department of Chemis的1，おかoGakugei 

Universi肌4Bruker AXS K. K.， 5 Department of Chemistη~ Rikkyo Universi.砂~ 6 Department of 

Chemistη~ Josai Universi収 7Department of Chemis句1， University of Prince Edward Island， 

8 Department ofTheoretical Molecular Science， Institute for Molecular Science 

The structures and electronic properties of endohedral metallofullerenes have been 

extensively investigated bo出 experimentallyand theoretically.l It is widely accepted由atthe 

maximum-entropy-method (MEM)/Rietveld analysis of synchrotron X-ray powder di飴action

data is power白1for structural determination of endohedral metallofullerenes. However， some 

of these structures such部 SC3@C82do not correspond to energy minima or most stable 

structures. We report here structural determination of the SC3C82 molecule by the 13C NMR 

spectroscopy and X -ray single-crystal structure analysis. It is remarkable that the endohedral 

stn肌 rreof SC3C82 is not SC3@C82 but SC3C2@C80・2

(1) Endofullerenes: A New Family ofCarbon Clusters; Akasaka， T.， Nagase， S.， Eds.; Kluwer: Dordrecht， 2002. 

(2) Iiduka， Y. et al.， J. Am. Chem. Soc. 2005， 127， 12500. 
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Spin-Transfer System under Equilibrium Constructed from Endohedral 

Metallofullerenes and Organic Donors 

o Kumiko Satol， Takahiro Tsuchiyal， Takatsugu Wakah紅al，Yutaka Maeda2， 
Tsukasa Nakahodol， Takeshi AkasakaI， Tatsuhisa Kat03， Kei Ohkub04， Shunichi Fukuzumi4ヲ

Naomi Mizorogi5， Kaoru Kobayashi5， Shigeru Nagase5 

1 Center for Tsukuba Ath仰 cedResearch Alliance， 
2Universi砂ofTsukuba，Tsukuba， Ibaraki 305・8577，Japan 
D々partmentof Chemistη，ぬか'0Gakugei University， Koganei， Toかo184-8501， .Aψm  
J pepartment of Chemistη~ Josai University， Sakado， Saitama 350-0295， Japan 
ザDepartmentof Material and Life Science， Graduate School of Engineering， 
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Institute for Molecular Science， Okazaki， Aichi 444-8585， Japan 

Endohedral metallofullerenes have attracted specia1 interests as new spherical molecules 

with unique electronic properties and reactivities， which are not seen in empty fullerenes [1]. 

Endohedral metallo白llerenesare more easily reduced也組 emp句， fullerenes. The di宜erence

in redox potential is in fact one ofthe most important factor to control their reactivities [2]. 

Some ch訂getransfer (CT) interaction between organic donor molecules and C60 have 

been discussed so fi訂 [3] since the first report about the complex of C60 with 

tetrakis(dimethylamino)ethylene by Allemand and co-workers [4]. 

Recentlぁwehave studied the complexation behavior of endohedral metallo白llerene

La@C82・Awith azacrown ethers. La@C82・Aforms the complex wi由 azacrownethers via 

electron transfer process. However， the radica1 cation of the macrocycles was not so stable. ln 

this context， we reported here the complexation behavior of La@C82・Awith organic donor 

molecules which form stable radical cations. 
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13C NMR Study of CeLa@Cso ADioD 

OT'Om'Ohit'O K'Om北i，Takeshi K'Odama， Y'Ok'O Miyake， Shinz'O S回改i，
K'Oichi Kikuchi， Y'Ohji Achiba 

Department 01 Chemis的1，おかoMetropolitan University， Hachioji， 192-039えぬrpan

Recently， Kat'O et al. revealed that an excess electr'On was l'Ocated 'On a La dimer in 
La2@C80副'Onby ESR spec仕'Osc'Opy[1]. Ce2@C80 has the same m'Olecular st印刷re出
La2@C80， theref'Ore an excess elec仕'Onw'O叫dbe l'Ocated 'On a Ce dimer in Ce2@C80 ani'On. 
Since Ce has 'One 4f electro民 wehave been interested in the magnetic interacti'On between an 
excess electr'On組 dtw'O 4f electr'Ons 'On a Ce dimer. Previ'Ously， we rep'Orted the "'c N乱1R
spectra 'Of Ce2@C80 ani'On [2]， but we c'Ould n'Ot elucidate the magnetic interacti'On. In坐1S
w'Ork， t'O understand such an interacti'On， we pr'Oduced CeLa@C80 ani'On and measured its口C
NMR spectra because the magnetic interacti'On in CeLa@C80 ani'On is simplified t'O an excess 
electr'On and 'Only 'One 4 f electr'On 'On a CeLa dimer. 
Fig. l(a) sh'Ows the 13C NMR叩即位a'Of MM'@C80 (M， M' = La， Ce) mixture. The 

signals 'Of CeLa@C80 and Ce2@C80 approach th'Ose 'Of La2@C80瓜 highertemperatu民This
feature is roughly explained by the decrease 'Of magnetic m'Oments based 'On Ce i'Ons 'Of 
CeLa@C80 and Ce2@C80 when temperature rises. On the '0由erhand， as sh'Own in Fig. 1 (b)， 
the signals 'Of CeLa@C80 ani'On and Ce2@C80 ani'On脱却制企'Omthe diamagnetic regi'On at 
higher temperature，白rtherm'Orethe shifts 'Of the signals 'Of CeLa@C80 ani'On are larger than 
th'Ose 'Of Ce2@C80 ani'On. 

This study was partly supp'Orted by Industrial Techn'Ol'Ogy Research Grant Program企omNew
Energy and Industrial Techn'Ol'Ogy Devel'Opment Organizati'On (NEDO) 'Of Japan. 
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Fig. 1: 13C NMR spec位aof恥品1'@CsO(M， M' = La， Ce) mixture measured at 125 MHz in CS2 (a)， 
in triethylamine/ acetone (b).百lepeak: marked with x in Fig. l(b) originates企omimp町ity.

[1]工Kato，et a1.， In Fullerenes and Nanotubes: The Building Blocks ofNext Generation Nanodevices， 
Proceedings ofthe Intemational Symposium on Fullerenes， Nanotubes， and Carbon Nanoclusters， The 
Electrochemical Society Inc， Penn泊gton，2003， p. 564. 
[2] T. Ichikawa， et a1.， The 28曲Fullerene-NanotubesGeneral S戸nposium26 (2005). 
Corresponding Author: TaI匂shiKodama 
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Element Specific Magnetization Measurements of Er Metallofullerenes 

by Soft X-ray Magnetic Circular Dichroism (SXMCD) 

OHaruya Okimotot， Tetsuya Nakamura2， Ryo Kitaurat， Takayuki Yamada3， 
Yutaka Kitamurat， Tomohito Matsushita2， Takayuki Muro2， 

Takashi Inoue4， Toshiki Sugai t， Susumu Nanao3， and Hisanori Shinohara且5

1 Department of Chemistry and lnstitute for Advanced Reseal叫，
Nagoya University， Nagoya 464-8602， Japan 

2Japan砂nchrotronRadiation Research lnstitute， Hyogo 679-5198， .fIψan 
3lnstitute of lndustrial Science， University ofTo匂叫おかo153-8505， Japan 
54ToyotaCentral REED Laboratories，Inc.，Nagakute，dichi，480-1192，Japan 
CREST， .fIψαn Science and Technology Corporation， C/O Department ofChemistη， 

Nagoya University， Nagoya 464-8602， .fI正1pan

End'Ohedral Metall'Ofullerenes are expected t'O sh'Ow n'Ovel magnetic properties due t'O 

encapsulated metal at'Oms. Magnetic properties 'Of s'Ome m'On'O-metall'Ofullerenes， 
M@C82 was studied by SQUID [1]. On the 'Other hands， n'O magnetic pr'Operty 'Of 
di-meta11'Ofullerenes have been rep'Orted. S'Oft X-ray magnetic circular dichr'Oism 
(SXMCD) is extremely sensitive meth'Od t'O 'Obtain surface magnetizati'On[2]. In this 
respect， SXMCD is very suitable f'Or investigating the magnetic properties 'Of small 
quantities 'Of metall'Ofullerenes embedded 'On a n'On-magnetic substrate. It is als'O a great 

advantage 'Of SXMCD technique t'O 'Obtain magnetizati'On 'Of meta1 i'Ons in fullerenes 
sep紅atelyfr'Om a diamagnetic fullerene cage acc'Ording t'O an element specificity 'Of 

SXMCD. Here， we rep'Ort the magnetic property 'Of m'On'O- and di同erbium
metall'Ofullerenes， Er@C82， Er2@C82， and Er2C2@C82，出investigatedby SXMCD. 
SXMCD measurements have been perf'Ormed 'On BL25SU in Spring-8. Er 

metall'Ofullerenes were c'Oated 'On a AルCusample plate， and were baked at ~400K in a 

l'Oad-l'Ock chamber under the pressure 'Of 1 x 
10・5Pa.百lesample It was c'O'Oled d'Own t'O 16K 

using a Liq.He c'Ontinu'Ous fl'Ow-type cry'Os旬t.

Helical X-ray Abs'Orpti'On Spectr'Osc'Opy and 

MCD spec仕awere measured by means 'Of the 

t'Otal elec仕onyield meth'Od. 

Figure 1 sh'Ows tempera知redependence 'Of 曲

inverse 'OfMCD i蜘 lsityat a magr附 cfieldup i M 
t'O 2 T. Inverse 'Of MCD intensity c'Orresp'Onds 同 0.5

approximately t'O 11χ. We f'Ound 由ata 

magnetic m'Oment 'Of Er2@C82 increases 40% 

relative t'O由剖'OfEr@C払 suggesting由剖 the Fig 1. Tempera加redependence of 
Er metall'O白llerenesmay have ferr'Omagnetic Inverse ofMCD intensity 

interacti'On bel'Ow 20 K. 
Refe問 nces:[I]H. Shin'Ohara， Rep. Prog. Phys.， 63， 843 (2000). 

[2] T. Funk et al.， Coord. Chem. Rev.， 249， 3 (2005). 
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The Ultraviolet Photoelectron Spectra of Ti2C2⑧CS2 

o Masayuki Kato， Kentaro Iw;出紘i，Shojun Hino， Daisuke Yoshimura， 
Hiroe Moribe， Haruya Okimoto， Yasuhiro Ito， Toshiki Sugai， Hisanori Shinohara 

Chiba Univ.， Institute 01 Molecular Science， Nagoya Univ. 

The Ultraviolet Photoel帥 onSpec回日S)of TizC2@C82 were 脱出uredin 

UVSOR BL8B2， Institute ofMolecular Science. 

The UPS of TizC2@C82 are shown in Figure. The spec回 1onset position of 

these UPS is about 0.8 eV仕omthe Fermi level. This value is analogous to those of 

other metallofullerenes in which even electrons訂etransfe町edto the cage (such出

Tm2+@C8よY26+@C826・， etcふThereare distinct structures in the region shown in 
Figure. The spectral intensity of each structure changes upon the incident photon 

energy change. It is drastic in lower binding energy region of 1--4 e V (marked A to C). 

The NMR analysis revealed伽 tTizC2@C82 has C3v symmetry. (1) When 

metallofullerenes have the same cage structures with the same oxidation states of 

encapsulated atoms， their UPS usually resemble well. We have already reported the 

UPS of Y2C2@C82(III)(2) which has the same C3v symmetry. Present results on 

TizC2@C82紅edifferent from those of Y 2C2@C82(III) particularly in lower binding 

energy region. The UPS of Y2C2@C82(III) are well reproduced by the MO calculation 

using C3v(8) geome位ywith C82
4
-electronic conf・iguration. The di狂的nceamong these 

two metallofullerenes implies that the 

interaction between encapsulated atoms Ti or Y 

and the cage is di宜erent;it could be 1紅gein 

TizC2@C82・

References: 

(1) H. Shinohara， Private communication. 

(2) S. Hino et al.， Phy. Rev. B. in press. 
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Fluorescence switching in Er@CS2 by solvent-induced electron transfer 

OShing'O Okub'O， T'Oshiya Ok位法i，Sumi'O Iijima 

Research Center for Advanced Carbon Materials National Institute of Advanced Indus肘alScience and 

Technology (AIST)， Tsukuba， 305-8565， JAPAN 

Recent advances in m'Olecular scale electr'Onics have raised expectati'Ons that this 

techn'Ol'Ogy may pr'Ovide the building bl'Ocksおr白旬regenerati'Ons 'Of ultrasmall and 

ul仕adenseelectr'Onic c'Omputer l'Ogic. In particular， flu'Orescent m'Olecular ph'Ot'Oswitches 

have attracted c'Onsiderable attenti'On because they c組 beused as erasable 'Optical 

data-st'Orage elements at a single m'Olecular level. Here， we dem'Onstrate “'On/'Off' 

flu'Orescence switching 'Of Er3+ i'On in Cs・C82(Er@C82・II)by reversibly c'O甜olling由e

electr'Onic states 'Of the C82白llerenecage. 

N'Ormally， flu'Orescence f'Orm Er@C82 is significantly weak in the 'Ordinal 'Organic 

s'Olvents such as chl'Orobenzene (“'Off' state) because the l'Ow-lying C82 cage state 

effectively quenches the flu'Orescence (l'Ower spec佐田nin Fig. 1). This is c'Onsistent with 

that fact that the 'Onset 'Of the abs'Orpti'On spec仕umis bey'Ond 2000 nm. H'Owever， ifwe 

change the s'Olvents 仕'Om chr'Ol'Obenzene t'O 

pyridine， a s仕'Ongenhancement 'Of Er3+ emissi'On 

at ar'Ound 1.5μmw部'Observed(“oぜ， state， upper 

spec仕um in Fig. 1). It is well-kn'Own that 

C82・b部edm'On'O-metall'Ofullerenes have ani'Onic 

f'Orms in pyridine [1，2].百leelectr'On transfer企om

pyridine m'Olecule t'O Er@C82 severely diminishes 

the l'Ong wavelength abs'Orpti'On 'Of the cage， and 

thus the Er3+ emissi'On takes place. 
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Fig. 1. Fluorescence spec回 ofEr@CS2・11
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Single Electron 1旨ansferfrom Aliphatic Amines with [60]Fullerene 

at the Ground State and Facile Synthesis of Tetraaminofullerene Epoxide 

OTakatsugu Tanaka， Waka Nak創出hi，Loic Lemiとgre，

Hiroyuki Isobe， Euchi Nak創nura

Department 01 Chemistry， The University 01 To旬。Hongo，B聞か0・ku，おか0113・0033，Japan 

Amination of carbon c1usters has been at住actingthe interest of chemists for a decade， 

for its own sake and for useful properties expected for the resulting amine-functionalized 

fullerene and carbon nanotube. Sometime ago， we investigated the synthesis of 

tetr組 mino向llereneepoxide 2 and reported血at由ephotoirradiation担 anaerated solution 

accelerates由ereaction in moderate to high yield.1，2 We report herein the resu1ts of these 

studies由athave largely resolved the synthetic組 dmechanistic questions.3 The key finding is 

由ata mixture of C60 and a secondary創世nein a mixture of dimethylsulfoxide and 

chlorobenzene generates a long lived contact ion pair (1) as the resu1t of amine-to-C60 single 

elec仕ontransfer (SET). This reaction is applicable to cases where the previous photoreaction 

entirely failed， and the isolated yield is genera11yω-90%.百lenew reaction does not require 

any light and adds to由erepertoire of methods for large-sca1e preparation of functiona1ized 

fullerene derivative. 
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[1] Isobe， H.; Ohbayashi， A.; Sawamura， M.; Nakamura， E.よAm.Chem. Soc. 2000，122，2669-2670. Isobe， H.; 

Tomita， N.; Nakamura， E. Org. Lett. 2000， 2， 3663-3665. 
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Synthesis of Fullerene C70 Encapsulating Molecular Hydrogen 

OYasujiro Murata，l，2 Shuhei Maeda，l Michihisa Murata，l and Koichi Komatsu1 

lInstitute for Chemical Research， Kyoto Universii私巧L身'oto611-0011， Japan 
2pRESTO， Japan Science and Technology Agencyμsη 

The molecular surgical approach is a promising method to synthesize 

yet-unknown endohedral fullerenes and their derivatives， which inc1udes creation of an 

orifice on出e白l1erenecage， inse凶onof a small guest through the orifice， and c10sure 

of the orifice with retention of the guest inside the fullerene. Actl.胤lly，fullerene C60 

encapsulating a hydrogen molecule， H2@C60， wωsynthesized by this methodology.l 

Since the inner space of C70 is larger白血 th剖 ofC60， it might be possible th剖

more than one small molecules be encapsulated. Recently open-cage C70 derivative 1 

was synthesized2 by applying the procedure similar to that used for the synthesis of 

open-cage C60・3 Molecular hydrogen was successfully inserted into 1 by treatment 

with high-pressure hydrogen gas (890 atm) at 200 oC. Not only H2@1 (97%) but also 

(H2)2@1 (3%) were found ωbe fonned under these conditions. Now the complete 

cIosure of orifice of H2@1 and (H2)2@1 has been achieved without loss of encapsulated 

hydrogen molecule(s)， thus having led to the fonnation of H2@C70 and (H2)2@C70 for 

the first time. The lH NMR chemical shift of encapsulated hydrogen in each 

compound is shown below. 

References: 

H2@1 

dJH口16.51

(H2h@1 

dJH口15.22

4 steps 

19% yield 

H2@C70 

dJH口23.70

1. Komatsu， K.; Murata， M.; Murata， Y. Science 2005， 30九238-240.
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(H2h@C70 
OJH口23.53

2. Maeda， S.; M凶-ata，M.; Mぽata，Y.; Komatsu， K.百le29也Fullerene-NanotubesGeneral Symposium 

27 (2005). 

3. Murョta，Y.; M町ata，M.; Komatsu， K. Chem. Eur. J. 2003，9， 1600. 
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Control of Decomposition of Acrylic Polymers by dispersing 

Fullerene-derivatives 

OTomoya Yamashiki1，2， Yusuke Tajima1， Toshihiko Sakurai1， Ryoko Shimada1，2， 

and Hiroki Osedo2 

1 lntegrated Materials Research Lahoratory， Riken， 2.・1Hirosawa， Wak酔 -shi，Saitama 

351・0198，Japan 
2 New Frontiers Research Lahoratory， Toray lndustries lnι11111きhiro，

Kamakura-shi， Kanagawa 248.・8555Japan 

Photo-catalytic materials like Ti02 have enonnous applications from environmental 

field to energy field. These materials are usually dispersed as nrrトsizedparticles into 

polymers in order to activate pho句-catalyticprocess. But most of the matrix polymers 

are decomposed under strong oxidation by photo-catalytic process. In this work， we 

tested the possibility of suppressing polymer decomposition by the addition of fullerene 

into polymer. In our experiments， C60 derivative
I
) is dispersed into conventional acrylic 

polymer and Ti02 particles. These composites are spin-coated on subs仕atesand 

irradiaぉdto UV light. TGA analysis and IR spec仕oscopyare used for monitoring 

decomposition pro∞ss. As a result，it is proved也atacrylic polymer 
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Quantitative analysis of detonation nanodiamonds with X-ray diffraction 

N aoki Komatsu a)， N aoki Kadota a)， Takahide Kimura a)， Eiji Osawa b) 

a) Department 01 Chemistry， Shiga University 01 Medical Science， Seta， Otsu， 520-2192 

b) NanoCarbon Research Institute Ltd.， Rm 301， Toudai Kashiwa 陪nturePlaza， 5-4-19 

Kashiwa-no-ha， Kashiwa， Chiba 277-0882 

Detonation nanodiamonds (d-NDs) are known to fonn tight aggregates and inc1ude 

substantial amount of other fonns of carbons [1]. These properties are considered to hamper 

the characteristic app1ication of d-NDs in spite of their availability and inexpensive price. 

Quite recently， however， Osawa and coworkers succeeded in disintegration of d-NDs to 

prep訂estable colloid of primary partic1es of d-NDs [2]. They also reported quantitative 

analysis with X-ray di缶action(XRD) for the eva1uation of the purity. Unfortunately， the 

reported purity of d-NDs， 77 %， is thought to be a 1ittle lower由anthe actual purity because 

much larger diamond (-1μm)wωused for the detennination of由eca1ibration line for d・

NDs (-4 nm) [2]. Herein， we report more precise calibration line for d-NDs extrapolated by 

use of 30， 50 and 100 nm size of pure NDs. 

Since pure NDs with 4 nm size are 

available， partic1e size effect was estimated by 

usmg p町 ehydrogenated NDs with 30， 50姐 d

100 nm in average diameters (Tomei Diamond 

Co.) and zinc oxide (Aldrich， 99.9 % purity)出

an intemal standard. The area ratios of ND (111) 

and zinc oxide (101) on XRD were detennined 

at three concen住ations，15 wt%， 20 wt%， 30 

wt%， of zinc oxide for each size of NDs. As 

shown in Fig. 1， linear relations are obtained 

between the area ratios and the diameters， 

indicating that ca1ibration 1ine for any size of 

NDs can be extrapolated. A calibration line for 4 

nm size NDs is shown in Fig. 2，合omwhich the 

purity of d-NDs is detennined to be 87 wt%. 

A 30wt%ZnO 

• 20wt%ZnO 

九九一〈ごZnO

Fig. 1 Linear relations between partic1e 

size ofNDs and arearatios on XRD. 
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Separation and Characterization of Polyyne Molecules in Solution 

OT. Wakabayashi，t T. DoI/ R. Umeda，z M. Sonoda，z and Y. Tobe2 

1 Department 01 Chemistry， School 01 Science and Engineering， Kinki Universiり1，

Kowakae 3-4・1，Higashi-Osaka 577-8502， Japan 

2 Division 01 Frontier Materials Science， Graduate School 01 Engineering Science， 

Osaka University， and CREST， Japan 

Abstract: Polyyne molecules H(-C書C-)nH (n ~ 2) are of p征ticularinterest in connection 

with areas spanning from basic research such価回molecularspec位oscopyto applications to 

combustion chemis仕y，planetary science， astrophysics， and non-linear optical properties in 

materials science [1，2]. We present here our re∞nt progress on the production， separation， 
組 dcharacterization of the series of molecules in solution phase. In particular， the results 

from NMR characterization ensure血eprepar油onin their macroscopic quantities. Tbe 

resonance Raman spectroscopic study reveals molecular vibrations of血c位 etchingmodes 

and frag丑ityag泊nstUV expos町e.Also confrrmed is由eexisten∞of another series of 
polyynic molecules as byproducts由atform during the process in laser ablation of graphite 

particles suspended in the organic solvents. Based on the systematic behaviors of the retention 

times in由eHPLC chromatogram and of the wavelength positions白血eUV electronic 

absorption spec回，the products are classified and their formation mechanism is discussed. 

References: 
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Matrix Effects 00 the Transformation of Nanodiamonds to Nano-Onions 

o Masaki Ozawa， M出ay邸uInakuma， Mak'Ot'O Tak油価hi，組dEiji Osawa 

Nano-Carbon Research， Toudai Kashiwa Venture Plaza， 5-4-19， Kashiwa-no-ha， Kashiwα 

277-0882 Chiba， Japan 

Between the tw'O m司'Orf'Orms 'Of carb'On， graphite and diam'Ond， diam'Ond stepped int'O 

nan'O-w'Orld earlier， in 1963. H'Owever， nan'Odiam'Ond particles with average diameter 'Of 4.3 

nm synthesized by det'Onati'On 'Of mixed expl'Osives were acquired 'Only出 c'Ovalentlyb'Onded 

aggregates. This白taldefect出 anan'O・materialhas hindered the subsequent devel'Opment， 

while the advent 'Of fullerenes and nan'Otubes h出 pushedgraphite upω 'One 'Of the m'Ost 

essential pieces f'Or nan'Otechn'Ol'Ogy. Devel'Opment 'Of beads-assisted wet disintegrati'On 

meth'Ods br'Oke this situati'On recently.百leaggregates have been successfully broken up int'O 

primary nan'Odiam'Ond particles， resulting in drastic change from sl田ηt'O仕組sparentbr'Own 

c'Oll'Oidal s'Oluti'On [1]. Hereby this 40・years-'Oldmaterial has bec'Ome accessible t'O vari'Ous 

approaches， such as chemical m'Odificati'Ons and fabricati'On 'Of c'Omp'Osite materials 

Nan'Odiam'Ond dispersed s'Ol-gel silica glass was synthesized by using tetramethyl 

'Orth'Osilicate and aqueous nanodiamond solution， and investigated by a high-resolution 

transmission electron microscope (HRTEM). Transparent brown glass was obtained at a l'Ow 

diamond concentration by following the standard procedure. As the diam'Ond ratios increased， 

the c'Omposite turned darker and less transmissive. HRTEM observati'On demonstrated that 

wetting between diam'Ond and silica is good en'Ough to get nanodiamonds embedded in silica 

matrix. 

Distinct stabilization of diamond particles due to silica matrix was found when the 

samples were annealed at 1050 oC in vacuo for densification 'Of porous glasses. Most of the 

nanodiamonds， especially p訂ticlescompletely surrounded by silica， remain intact， al血ough
the same diamonds without silica start to convert into nano-onions at訂ound900 OC. Such 

stabilized particles show t'Olerance even to intense electron beam irradiation. Apparently 

nucleation of graphitic layer at diamond sur白ceis the crucial point for the diamond-onion 

transformation. Careful microscopic observation indicates the transf'Ormation mechanism 

involving growth of spiroid [2]企omsurface to center 'Of a nanodiamond particle. 

References: [1] A. Kruger， F. Kataoka， M. Ozawa， T. Fujino， Y. Suzuki， A. E. Aleksenskii， A. Ya. Vul'， E. Osawa， 

Carbon 43， 1722 (2005). [2] M. Ozawa， H. Goto， M. Kusunoki， E. Osawa， J. Phys. Chem. B 106， 7135 (2002). 
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Crystal Structures of Discrete C60 Fullerides 

Stabilized by Appropriate Triphenylmethane Cations 

OTakahito Sugiura1，2， Eiji Osawa2， Hiroshi Moriyama1 

1 Department 01 Chemistη: Toho Universi収 Funabashi，Chiba 274-8510， Japan 

2 Nano・CarbonResearch Institute Ltd.， Kashiwa， Chiba 277-0882， Japan 

Quite limited number of X-ray diffraction data of C60 anion radical salts have been 

reported，1) because of their in凶nsicunstable na佃reof the radical 田llon.It h出 beenhard to 

obtain fulleride crystals suitable for X-ray diffraction analysis; if crystals are fonned， they are 

frequently small or twinned or have low resolution. The biggest obs句.clefor determining a 

structure is an intrinsic disorder of C60 anion radical originated企om也eJahn-Teller distortion. 

In this study， triphenylmethane dyes were used as counter cations to stabilize the C60 anion 

radical and to reduce orientational disorder. We have凶edto electrocrystallize Cωanion salts， 

stabilized by appropriate仕iphenylmethanedye cations. Only [Brilliant greentC60'. salt has 

been so far characterized previously， we succeeded here to obtain crystal structures of another 

twotriphenylmethane-dyes (crystal violet and ethyl 

violet)-stabilized C60 anion radical crystals. These salts are 

found to show rather stable semiconducting behavior. 

Fulleride salts are synthesized and crystallized by 

electrocrystallization of C60 and dye in 

chlorobenzene/ethanol in H-shaped glass cell equipped with 

platinum electrodes under a constant current (1・10}lA) for 

several weeks in an inert atmosphere. Spec位oscopicdata of 

UV-vis and IR for these salts and physical properties such as Fig 1 

elec仕icconductivity and magnetic susceptibility will be 

reported. 
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Polymerization of C60 Molecules Induced by Hole / Electron Injection 
from a Scanning Tunneling Microscope Tip 

ORyo Nouchi， Kosuke Masunari， Toshio Ohta and Yoshihiro Kubozono 

Department 0/ Chemistry， Okayama Universi私 Okayama700-8530， Japan， 
and CREST， Japan Science and Technology Agency， Kawaguchi 322-0012， Japan 

The scanning tunneling microscope (STM) is a powerful tool for nanoscale 
modification of various surfaces. For the surface of closely packed C60 layer， carrier 
(electron / hole) injection from an STM“p brings on the removal / movement [1] and 
polymerization [2] of C60 molecules. The removal and movement of C60 molecules are 
possible to be performed at single molecular scale. The polymerization is， however， hard 
to be achieved at single molecular precision because of the spatially spread of injected 
carriers. In this study， the spreading effect was investigated by the imaging of 
polymerized area before and after carrier injection. 
The experimental procedure is as follows: The STM tip was placed on an injection 

point at a certain tip-sample distance (sample bias voltage: 2.0 V， tunneling current: 0.2 
nA). Then， the voltage pulse was applied with the duration of 30 s. The figure shown 
below illustrates STM images taken sequentially after application of pulses with various 
voltages. First， ・・.3.0V pulse was applied (Fig. a). In this case， holes are injected as 
carriers since the applied sample bias voltage is negative. Second， -3.3 V pulse was 
applied at the same injection point (Fig. b). Finally， electrons were injected by the 
application of +3.0 V pulse (Fig. c). The fact that the diameter of the polymerized area 
increases by hole and electron injections， as is shown in Figs. b and c， indicates that the 
polymerization of Cωmonomers and the decomposition of polymers are induced by the 
injection of both carriers. In addition， it should be noted that the distribution of the 
polymerized molecules is ring-shaped. This fact suggests that the slowing down of 
carriers is necessary for the polymerization of C60 molecules. 

x : Injection point; 50 x 50 nm2 

References: 
[1] K. Masunari et al.: The 29白Fullerene・NanotubesGeneral Symposium (2005) 1P-12. 
[2] Y. Nakamura et al.:ぬがSci.528 (2003) 151. 
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In-situ measurement of Raman scattering and AFM during laser-heated 

ACCVD growth process of SWNTs 

OShohei Chiashi， Yoichi Murakami， yi凶eiMiyauchi and Shigeo Mar町田na

Department of Mechanical Engineering， The University ofおかo
7-3-1 Hongo， Bunか0・ku，おか0113-8656， Japan 

We have built an atomic force microscope 

(AFM) with R出nan印刷出ngmeasurement 

capabilities and succeeded in synthesizing 

SWNTs on出eAFM sample stage [1] using 

alcohol catalytic CVD method [2]. 

In this experimental apparatus， in-situ 

measurement of Raman印刷出ngand AFM 

were performed while SWNTs were 

synthesized by using “laser-heated" 

cold-wall ACCVD method. Mo/Co metal 

particles， which were directly loaded on the 

silicon substrate [3]， w出 used出 thecatalyst 

and CW-Ar-ion 1ぉer(488.0 nm， 50.0 m w) 

was usedωthe heating and Raman 

excitation. Fig. 1 shows the in-si知

measurement of the intensity of the G-band 
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Fig. 1 . In-situ measurement of the Raman 
scattering intensity合om(a) SWNTs and (b) 
the silicon substrate during the laser-heated 
CVD process.百lesample temperature (c) w部
calculated from出etempera加redependence of 
Raman shift from the silicon peak (520 cm-1剖

300 K). 

o 2 

(a) and Raman 印刷eringpeak from the silicon substrate (b) during the CVD process. The 

sample temperature (c) was calculated丘omthe temperature dependence of Raman shift of the 

silicon peak [4]. About 40 s after由esupply of the ethanol gas (0.1 Toη)， the G-band appeared 

at 1570 cm-1. The G-band intensity increased wi由 time，but the intensity increase stopped 

about 4 min after the appe征組ceof由eG-band， which indicated the inactivation of the metal 

catalyst particles and the stop of the SWNTs growth. In the waiting time for the G-band 

appearance， SWNTs could not be found by in-situ AFM measurement. 

[1] S. Chiashi， et alリ Chem.Phys. Letlリ 386(2004) 89幽94.
[2] S. Maruyama， at al.， Chem. Phys. Lett.， 360 (2002) 229-234. 
[3] Y. Murakami， et al.， Chem. Phys. Lett.， 377 (2003) 49・54.
[4] M. Balkanski， et al.， Phys. R仰'.B， 28， 28 (1983) 1928・1934.
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Formation ofSingle-Wall Carbon Nanotubes in 

Argon and Nitrogen Gas Atmosphere 

oShinz'O Suzはi1，N'Obuyuki Asai1， Hiromichi Kataura2， and Y'Ohji Achiba1 

1 Department 01 Chemistη，おかoMetropolitan University， Tokyo 192-039スJapan
2Nanotechnology Research Institute， Nationallnstitute 01 Advanced lndustrial Science and 

TechnologyμIS刀，Central4， Higashi 1-1-1， Tsukuba， lbaraki 305-8562， Japan 

'Of single-wa11 carb'On nan'Otubes (SWNTs) using laser vap'Orizati'On 

technique in the di宜erentambient gas atm'Osphere was investigated with the app訂atusaimed 

f'Or ph'Ot'Oluminescence mapping，出atwas recently c'Onstructed in 'Our lab'Orat'Ory (Lambda 

Visi'On Inc.， PLE・250S).

f'Ormati'On The 

Figure 1 sh'Ows a typical example 'Of ph'Ot'O-

luminescence mapping 'Of m'On'O-dispersed 

semic'Onductive SWNTs， th'Ose prep町'edwi出

町四d(1.2/1.2at'Om%)-carb'On c'Omp'Osite r'Ods 

in nitrogen and in Arg'On gas 

respectively. In c'Omparis'On 

atm'Osphere， 

with the 

well-kn'Own result f'Or Hipc'O nan'Otubes [1]， 

the chira1ity 

f'Or 

distributi'On is f'Ound t'O be 

narr'O市ver SWNTs prep紅ed by laser 

vap'Orizati'On technique. 

It is interesting t'O see thatヲ inthe case 'Of 

Arg'On， the peak c'Orresp'Onding t'O由echirality 

(7兵)is f'Ound t'O be the main feature.官邸

chiral index is di宜erent企'Omth'Ose rep'Orted 

recently as size-selected nan'Otubes ((6，5) by 

C'OM'OCAT [2]， 'Or (7，5) by DIPS [3]). 

百usstudy was partly supp'Orted by 
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Figure 1. 

Indus仕ialTechn'Ol'Ogy Research Grant Program企'OmNew Energy and Indus位ia1Techn'Ol'Ogy 

Devel'Opment Organizati'On (NEDO) 'Of JAPAN， and the Grants-in-Aid f'Or Scientific Research 

(B) (N'O.16351104)企omMEXT.

References: [1] Bachilo et al.， Science.， 298， 2361(2002). [2] M. Zheng et al.， J. Am. Chem. Soc.， 126， 

15490(2004). [3] T. Saito et al.， Abstract ofGeneral砂mposiumfor Molecular SI仰 cture，2B 17(2005). 
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Synthesis of Horizontally恒AlignedSWNTs with Controllable Density 

on Sapphire Surface and their Polarized Raman Spectroscopy 

OHiroki AgO:，1，2 Naoyasu Uehara，2 Ken-ichi Ikeda，2 Ryota Ohdo，2 

Kazuhiro Nakamura，2Masaharu Ts吋i1，2

J Institute for Materials Chemistry and Engineering， I(戸lshuUniversity and CREST-JST， 
Fukuoka816・8580，Japan 

2Graduate School ofEngineering Sciences，めなlshuUniversity， Fukuoka 816-8580， Japan 

Recent1y， we have found that the horizontally-aligned single-walled carbon nanotubes 
(SWNTs) are formed on R-and A-faces of sapphire substrates (α-Ah03)， which is promising 

for nanoelectronics applications [1]. We used the colloidal particles of iron oxide with the 

mean diameter of 4 nm， but the SWNTyield was relatively low [1]. Here， we report on the 
facile synthesis of the aligned SWNTs on A-face sapphire with controllable nanotube density 

and the results of their polarized Raman spectra. 百leca旬lystwas prepared by simply 

dipping a substrate into the methanolic solution of Fe(N03)3・9H20and Mo02(acac)2， where 

the addition of Mo improved the catalytic activity and reproducibility. The SWNT density 

was controlled by changing the metal concentration of the solution σig. 1)， and the high 
nanotube density of > 20μm -2 was achieved. This high SWNT density allowed us to 

measure the polarized Raman spectra， as shown in Fig. 2. The spectra clearly indicate the 
formation of aligned and isolated SWNTs， not nanowires of metal or metal carbide. 

Figure 1 (top) AFM images of SWNTs synthesized on 
A-face sapphire subs仕ates.The different metal concentrations 
were used;-(a) 1 X 10-5， (b) 1 x 10-4， (c) 1 X 10-3 M. 

Fi伊 re2 (ri悼の PolarizedRaman spectra of SWNTs on the ・5
A-face sapphire measured for the high density SWNT町 ay. -e 
The VV・configurationwith 514_5 nm excitation was ~ 
employed. ~ 

伯
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References [1] H. Ago， K. Nakamura， K_ Ikeda， N. Uehara， N. ∞ 200 300 1300 1400 15ω1600 170018∞ 
Ishigami， M. Tsuji， Chem_ Phys. Lett.， 408， 433 (2005). Raman Shift (cmサ
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E首ectsof typical metallic Elements added as Catalysts for production 

ofDWCNTs by DC-Arc discharge method 

o Hideki Inakura 

THE HONJO CHEMICAL CORPORATION 

19-7， Nfl四JIHONMACHI4-CHOME NEYAGA附 -CITYOSAKA， JAPAN 

Arc discharge method can produce several type carbon nanotubes such as Single-Wall 

nanotube and Multi-Wall nanotubes. Especially， under the condition that mixture of 

transition metallic elements (Co， Ni， Fe) and sulfur is added出 ca旬lystsand Hydrogen 

is added in a伽lOsphere，Double Wall carbon nanotube grows selectively. Because of 

the necessity of catalysts， Single and Double wall nanotubes as produced include metal 

particles with graphite shell.百世sparticles cause many problems such as di妊icultyof 

purification， damaged CNTs by heating process for instance FED manufacturing 

process， and so on. 

In this study， we tried to synthesis DWCNTs企'Omcatalysts including typical meta1lic 

elements. We have used typical metallic elements (selected form Cu， Zn， Sn) and 

transition metallic elements (selected企'OmCo， Ni， Fe) and Sulfur出 ca阻lysts.百lese

elements and graphite powder were mixed and filled in graphite rods wi血 hole.Using 

these rods as anode， DC聞Arcdischarge was generated in reaction chamber filled with 

hydrogen and argon mixture. 

As a result， some kind of typical metallic elements with out lron group elements were 

not e能ctiveto growth of CNTs. But mixing typical metallic elements with usual 

catalysts (Mixture of transition metallic elements and Sulfur) is not only critical to 

growth ofDWCNTs， but also enhance that effect. 

References: [1]J .L.Hutchison，et.al.， Carbon， 7 61・770，39(2001)

[2]Y.Saito，et.al.，J.Phys.Chem.B，931-934， 1 07(2003) 
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Selective Diameter-Control of Single-Walled Carbon Nanotubes by the 

Enhanced Direct-Injection-Pyrolytic-Synthesis (DIPS) Method 

。1Takeshi Saito， 1 Satoshi Ohshima， 1，2Wei-Chun Xu， 1，3 Koji Matsuura， 1，4 Toshiya Ok位法1，
1 Motoo Yumura組 d1 Sumio Iijima 

1 Research Center for Advanced Carbon Materials， National1nstitute of Advanced 1ndustrial 
Science and TechnologyμlS刀，Tsukuba 305・8565，Japan 

21nstitute of Research and 1nnovationρ'RI)， Kashiwa Laboratory， Kashiwa 277-0861， Japan 
-'Japan Fine Ceramics Center， C/O Research Center for Advanced Carbon J¥ぬterials，A1ST， 

Tsukuba 305・8565，Japan 

4CRES1;Jψan Science Technology Corporation， C/O Research Center for Advanced Carbon 

Materials， A1ST， Tsukuba 305-8565， Japan 

The controlled synthesis of single-walled carbon nanotubes (SWCNTs) in the structural 

characteristics， i. e.， diameter， length， number of defects and so forth， is an enabling step for 

realization of their many potential applications and fundamenta1 studies requiring defined 

nanotube structures and properties. Above all， the controllabi1ity of the tube diameter would 

be the key to the chirality-controlled synthesis of SWCNTs. At the last symposium， we 

reported the selective diameter-control method in the SWCNTs s戸lthesis，designated the 

Direct Injection Pyrolytic Synthesis (DIPS) method1，2. Our results suggested th瓜thismethod 

can tune the mean diameter of SWCNTs at any point within the range from ca. 0.8 nm to 2.0 

nm selectively. 

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

carbon sources at the meeting. 
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Super Growth: Shape Engineerable Single Walled Carbon Nanotube 

Solid as Flexible Conducting Mesoporous Material 

o Don N. Futaba2，1， Kenji Hata" Tatsuki Hiraokal， Takeo Yamada" Kohei Mizunol， 
Yuhei Hayamizul， Tatsunori Namai¥ Yozo Kakudatel， Osamu Tanaike

l
， Hiroaki 

Hatori" Koji Miyakel， Shinya S邸北i1， Motoo Yum町aland Sumio Iijimal 

1 National Institute 01 Advanced lndustrial Science and TechnologyμIS刀，Tsukuba， 

305-8565， Japan 

2 Japan Fine Ceramics Centelぅ(AIS刀，Tsukuba， 305-8565， .f4ψan 

We present a new form of carbon nanotubes materia1 where CNTs訂ea1igned 

and packed densely in a bulk solid.百世sSWNT sold is fabricated企omliquid-induced 

latera1 collapse of the as-gr'Own sp訂seSWNT f'Orest s戸lthesizedby super-gr'Owth CVD 

[1 ].百lehigh-density packing follows丘om血ea1ignment 'Of the forest structure， and 

the resultant SWNT s'Olid material displays a 20x increase in mass density (73% 'Of the 

idea1) and a 70x increase in the Vickers hardness while retaining its a1ignment and high 

BET surface area. As such， SWNT solid is an ideal form 'Of CNTs f'Or materia1 and 

energy storage. The high s町face訂eaand well-defined microscopic structure imply白瓜

SWNT s'Olid can be regarded出 mesop'Orousmateria1 which is c'Onductive and flexible. 

In additi'On， we can engineer shapes during the solidification pr'Ocess suitable f'Or various 

applicati'Ons. These田町uecharacters make SWNT s'Olid出 ava1uable materia1 f'Or 

supercapacitor elec仕'Odesand flexible heaters. Furthermore， we sh'Ow how partia1 

shrinking of the as-grown material creates a “handle" for str'Ong mechanical and/'Or 

electrica1 c'Onnection， such as commutat'Or contacts for a DC mot'Or. Through也lS

meth'Od， the SWNT “brush" sh'Ows exceptiona1 

仕ib'Ol'Ogica1character and wear rate and can used be部

electrica1 c'Ontacts. 百leSWNT s'Olid promises t'O 

opennew仕ontiersin wi也inthe carb'On nanotube field. 

References: 

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

OHidekazu To曲紅aA， Hideki Arikai A， Yoshio Nojima A， Fujio Okino A， Y. A. KimB， 

Morinobu EndoB， Shinji Kawasaki c， Hiromichi KatauraD， Mωako YudasakaE and 

Sumio IijimaE， F 

A Faculf)ムザ TextileScience and Technology， B Faculty 01 Engineering， Shinshu 
UJ:liversi切しGraduateSchool 01 Engineering， Nagoya Institute ofTechnology， 
VMαnot，印附echnologyResearch Insω似stitωut，陪e
&Te量echnology， ιNECCorporation，ヨleijoUniversity 

Fluorination is one of the most effective chemical method to modi命andcontrol the 

structural and physical properties of carbon materials [1]. Fluorination is also effective 

for property control and functionalization of single-walled carbon nanotubes (SWNTs) 

[2]. In this paper， we report fluorination of various forms carbon nanotubes， and 

structures and properties of resu1ting compounds by the comparative methods. The 

nanotubes used were purified SWNTs (1.4-1.5 nm in diameter)， double-wal1ed carbon 

nanotubes (DWNTs， consisted of two pairs of DWNTs; inner tube:outer加bediameter 

(nm) = 0.7:1.3 and 0.9:1.58， respectively)， cup-stacked carbon nanotubes 

(Cup-CNTs(GSI Creos Coよ50・150nm in diameter， 10・30nm in wall血ickness)，and 

single-wal1ed carbon nanohoms (NHs) and hole-opened carbon nanohoms (h-NHs). 

The fluorination was carried out in the temperaωre range RT・773K using 1 atm 

elemental fluorine. The limiting stoichiometry was CFo.5 for SWNTs [2] and CFO.3 for 

DWNTs indicating outer surface fluorination without disrupting the double-layered 

morphology [3]. RT fluorination was possible for Cup-CNTs with the stoichiometry 

CFo柑 [4]andh-NHs with CFO.84・Veryinterestingly， elementa1 fluorine was desorbed 

from the fluorinated h-NHs by heat treatment and/or evacuation indicating F2 storage 

ability of the h・NHs.The discharge performance of Li cells with fluorinated carbon 

nanotues (F-CNTs) cathodes will a1so be reported [5]. 

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

2) S. Kawasaki et al.， Phys. Chem. Chem. Phys.， 6 ，1769 (2004) and references cited therein. 

3) H. Muramatsu， et al.， Chem. Commun.， 15， 2002. (2005). 

4) H. To凶ara，Mat. Res. Soc.砂mp.Proc. Vol. 85E， HHI2.3.1 (2005). 

5) H. To山ara，Fluo巾latedMaterials for Energy Conversion， Chap. 4， Elsevier (2005). 
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Nonlinear Optical Waveguide Device Using Carbon Nanotube-

Polyimide Composite Material 

o Shun Matsuzaki 1へTaroItatani 
1， Emiko Itoga 1， Masahiro Igusa 1， Hiromichi Kataura1， 

Madoka Tokumoto 1ぺKohtaroIshida
2， Youichi Sakakibara1 

1 National lnstitute of Advanced lndustrial Science and Technology (AISη， Tsukuba 305-8565 

2Graduate School of Science and Technology，おか'0Universi，汐ofScience，Noda 278-8510 

Optical waveguide using single-wall carbon nanotube (SWCNT) saturable absorber in a 

core is a very promising nonlinear optical device for optical telecommunication that enables 

strong confinement of light in the core with a long light-matter interaction length. The 

waveguide structure is also very important in that heat accumulation which inevitably follows 

the saturable absorption is expected to decrease by a抗achingefficient heat sink mechanisms. 

Previously， we reported an optically uniform SWCNT-polyimide composite that may be 

usable as a core material.[l] With this material， in this study we have白bricateda buried 

waveguide s加lC加I・e.As shown in Fig. 1， a ridge core made of SWCNT-polyimide was 

formed on a Si02(15μm)/Si substrate by a reactive ion etching (RIE) method. This core was 

then buried with an epo可Tresin with a re合activeindex almost equal to Si02・Figure2 proves 

the formation of a buried waveguide. 

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

core 

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

A part of this work was conducted in AIST Nano・ProcessingFacility， supported by 

"Nanotechnology Support Project" ofthe Ministry ofEducation， Culture， Sports， Science and 

Technology (MEXT)， Japan. 

[1]百le29由Fullerene-NanotubesGeneral Symposium， abstract p.55. 
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Carbon nanotube transparent fle玄ibletransistors 

using solution process 

OT. Takahashi¥ T. Takenobu1ペT.Kanb紅a
1

へK.Tsukagoshi
3
，4，Y. AoyageぺY.Iw;出 a1，2

lInstitute for Materials Research， Tohoku Universi砂)Katahira， Sendai 980.・8577，Japan 

2CREST， J.唱panScience and Technology Co申oration，Kawaguchi 330.・0012，Japan 

3 RIKEN， Hirosawa 2・1，Wak0351・0198，Japan 

4pREST， Japan Science and Technology Co申oration，Kawaguchi 330.・0012，Japan 

5To匂'oInstituteofTechnology， Yokohama 336-8502， Japan 

Now，fle玄ibletransistors based on a transparent semiconductor are an important 
focus of research， since the fusion of flexible electronics and transparent electronics 
is proposed for a number of novel applications. A promising application of 

transparent flexible th面白1mtransistors (tf-TFTs) is their use as pixel switches in 

flexible active-matrix display. When we manufacture electronic devices of the 

display， we have to consider the process. We can simplify the fabrication 
sequence of large area displays by solution processes. Recently， tf-TFTs have been 
repo同edin single-walled carbon nanotubes (SWNTs) [1]. SWNT tf-TFTs showed 

high performance (hole mobility about 15， on to off ratio 105 ). In addition， the 
transistors were highly flexible and could be bent to a radius of 8mm without 

significant loss in performance. This indicate that SWNTs have high fle玄ibilityand 

good use suitability for flexible electronic devices. However， the transistors were 
fabricated by a complicated process of transferring SWNTs from high-temperature 

growth substrates to flexible ones. 

Here， we demonstrate SWNT tf.・TFTsbased on solution process which is simpler 
to apply than one of the repo凶edSWNT tf-TFT. Our tιTFTe玄hibitshole mobility 

about 0.5 cm2Ns， on-to-off current ration of """'104， and the minimum radius of 
7.5mm. This performance approaches the level needed as pixel switches. This work 

therefore represents a major step towards ‘large area transparent plastic 
electronics' . 

[1] Seung-Hyun Hur， 0 Ok Park， John. A. Rogers， Applied Physics Letters 86， 
243502 (2005) 

Corresponding Author : Tetsuo Takahashi 

E-mail: tetsuo(瓦timr.tohoku・ac.i)!，Tel: +81-22・215-2032，FAX: +81-22・215-2031
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Individual solubilization of carbon nanotubes 

using polyimides 

Masahiro ShigetaO， M部aharuKomatsu， Naotoshi Nakashima 

D々 par，仰entofChemistry and Biochemistry 
Graduate School of Engineering， ~戸IShuUniversity 
744 Motooka， Fukuoka 819-0395， Japan 

C紅bonnanotubes (CNTs) have a high potential for applications in energy， electronics， IT 
and materials. Howevl民自.eirinsolubility in solvents has hindered chemical approaches using 

CNTs. our inte問stis focused on血efun由men臼1ProI町 tiesand applications of soluble carbon 
nano同besin aqueo凶 andorganic systemsl). Polymer wrapping is a power白1t∞hnique to 
construct CNTs-polymer composite materials. Polyimides are based on stiff aromatic backbones， 
and to臼1aromatic polyimides are especially suitable polymers having unusual mechanical 

S仕切併1and high resistanve加 heatand chemical reactions. Combination of carbon nanotubes 

and polyimides is ex戸ctedto play an important role in the development of novel nanocarbon 

composite polymers wi血highperforrnance. Weおund伽 t血epo刷mideres叫ts面白dividually

dissolved SWNT solutions2}. Here， we describe the individually dissolution of SWNT and由e
formation of an organic gel of SWNTs/polyimide. 

Polyimide was produced from 1， 4， 5， 8・naph由alenete回carboxylicdianhydride and 4， 

4'-diar凶nodiphenylぬer-・2，2'-disulfonic acid， followed by neu回lizationwi血凶e血y加nme.
Typical proced回路 島r也.epreparation of nanotube solubi1ization wereぉ follows.A prescribed 
amount of SWNTs wぉ addedぬ aDMSO solution of也epolyimide，組d血effi1X加問 W出

sonicaおdfor 1 h， followed by optiona1 centrifugation at 104g.回ghercon切n岡山nsofSWNTs 
in polyimide solutions forrn a gel∞mpo田dof individually dissolved SWNTs.百levisible-near 
IR spec回 ofSWNTs/the polyimide showed characteristic fea加resassignable to individl凶 lly

dissolved SWNTs. We also report fluo民民en∞behaviorsin由en伺r-IRregion， at the mee由19.

Referenc鴎:I)N.N北ashima，Intemational J. Nanoscience 4 (2005) 119 

2)M. Shigl伽，M. Komatsu， N.N紘ashima，αlem.Phys. Lett.， in pl1田s.

Corr百pondingAuthor E-ma姐 nakashima..:加n(a)mbox.nc.k¥明治u-u.ac.io

Tel&Fax: +81-92・802-2840
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Electronic Properties in Mobius Nano圃CarbonMaterials 

Kikuo Harigaya 

Nanotechnology Research Institute， AIST， Tsukuba 305-8568， Japan 

勾mtheticNano-Function Materials Projec乙AIST， Tsukuba 305-8568， Japan 

E-mail: k.harigaya@aist.go.j 

Recent theoretical developments on topological materials， Mobius nanographite and Mobius 

conjugated polymers， are repo巾 d. (1) In nanographite systems with the Mobius boun由ry
condition， there appears a novel magnetic domain. However， this domain state competes 
against the helical magnetic states. Total energies of the lat1er states are always lower than that 
of the former state. Additionally， the domain wall appears in the charge density wave states. 
(11)句ticalproperties of Mobius conjugated polymers are studied. We discuss that oligomers 
with a few s加 C旬ralunits are more e能 ctivethan polymers， in order to measure e能 ctsof 
discrete wave numbers which are shift by the Mobius boundary from those of the periodic 

boundary. Certain components ofthe optical absorption for the el即位icfield perpendicular to the 
polymer axis mix with the absorption spec位afor the elec出cfiled parallel with the polymer axis. 
百lepolarization dependences of elec位icfield of light can detect whether conjugated polymers 

have the Mobius boun血ryor not. 

References 
[1] K. Wakabayashi and K. Harigaya: Magnetic struc町民 ofnano・graphiteMoebius ribbon， J. 
Phys. Soc. Jpn. 72 (2003) 998・1001.
[2] A. Yamashiro， Y. Shimoi， K. Harigaya， and K. Wakabayashi: Spin-and charge-polarized 
states in nanographene ribbons wi白zigzagedges， Phys. Rev. B盛 ο003)193410. 
[3] K. Harigaya: Electronic properties of topological materials: Optical Excitations in Moebius 
conjugated polymers， J. Phys. Soc. Jpn. 74 (2005) 523・526.
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Band Gap and Quasiparticle States in Carbon N anotubes 

Takashi Miyake， Yoshio Akai， and Susumu SaitoO 

D句partmentof Physics，おかoInstitute ofTechnology， Meguro-ku，あわ10152-8551， Japan 

It is now well known that carbon nanotubes can show a variety of e1ectronic properties 

depending on their network topology. One kind of achiral nanotubes， so-called annchair 

nanotubes， are metallic， while other nanotubes訂esemiconducting with moderate or narrow 

fundamental gap depending again on their network topology [1]. These rich e1ectronic 

properties have attracted a great deal of interests in carbon nanotubes出 next-generation

electronics materials [2]. On the other hand， ironically due to this rich variety of network 

topology， a crysta11ine sample with unifonn-topology nanotubes has not been produced yet， 

and the detailed geome仕iesand the important e1ectronic properties of nanotubes have not 

been measured experimentally with enough accuracy for a device use. Therefore， so far the 

predictive first-principles e1ec仕onic-structurestudy has played組 importantrole in由isfie1d. 

Their geometry deviations企omgraphite values such as bond lengths and angles are found to 

give sizable deviations in their electronic states using the density-functional theory [3]. Also 

we have studied the fundamental司gapvalues of semiconductor nanotubes using the 

state-oιthe-art Green's function method called the GWapproximation [4，5]. In this study [6] 

we report the systematic analysis of the so-called zigzag nanotubes including metallic 

nanotubes， moderate-gap semiconductor nanotubes， and the narrow幽gapsemiconductor 

nanotubes using the GWapproximation， and discuss quasip訂ticlestates and fundamental-gap 

values which should be measured not via photoabsorption/1uminescence experiments but via 

photoemission and inverse photoemission experiments as wellωSTS experiments. 

References: 

1. N. Hamada， S. Sawada， andA. Oshiyama， Phys. Rev. Lett. 68， 1579 (1992). 

2. S. Saito， Science 278， 77 (1997). 

3. K. Kanamitsu and S. Saito， J. Phys. Soc. Jpn， 71，483 (2002). 

4. T. Miyake and S. Saito， Phys. Rev. B 68， 155424 (2003). 

5. T. Miyake and S. Saito， Phys. Rev. B 72， 073404 (2005). 

6. Y. Akai， T. Miyake， and S. Saito， to be published. 

Corresponding Author Takashi Miyake， Susumu Saito 

E-m剖1 miyake@stat.phys.titech.ac.jp， saito@stat.phys.titech.ac.j 
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Fabrication and Properties of Self-assembled Monolayers modified with 

C6o-Derivative Fixed on Gold Nanoparticles 

ONoriaki Ikeda， Chyongjin Pac， Hiroshi Moriyama 

Department of Chemis句1，Faculty ofScience， Toho Universi帆 Miyama，Funabashi， 

Chiba 274-8510， Japan 

Electrode modifications have attracted much attention in the study of organic semi-

conductor devices in the recent years. From the viewpoint of optimization of the device 

efficiency， it has been recognized that organic/inorganic interface plays an important role. A 

variety of methods have been adopted to form fullerene molecular films， e.g.， drop coating， 

Langmuir-Blodgett (LB) technique， self-assembled monolayers (SAMs). Among those， the 

formation ， electrochemistry， photoelectrochemis句， and SUI也ceproperties of fullerene SAMs 

have been much reported. Here， we synthesized C60・derivatives
1
)whose SAMs were 

fabricated on so1id substrate (Au elec佐ode，ITO， quartz) (1). Moreover， multi幽layer(11) was 

successful1y prepared σig. 1).百lemodi白ed:films were characterized by UV-vis spectroscopy， 

cyclic voltammetry， X-ray photoelectron spectoroscopyαPS)， and scanning electron 

microscope (SEM) (Fig. 2). The electrochemical and photoelectrical properties of those films 

were investigated. Details will be reported. 

S-R-C60 (町

S-(佃 2)3-S⑪ S-R -C60 (11) 

Au electrode 

R-C60ニ HS
Fig.2 SEM image of(II) onAu electrode. 

Fig. 1 SAMs of C6o-derivatives (1) and multi-layer 
(1乃.AuNP indicates gold nanopartic1e. 

1) X. Shi， W. B. Caldwell， K. Chen， and C. A. Mirkin， J. Am. Chem. Soc.， 116，11598寸1599(1994). 

Corresponding Author: Hiroshi Moriyama 

E-mail: moriyama@chem.sci.toho-u.ac.jp 
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Electrochemistry of an Ope酔 CageC60 Embedded in a Film on an 

Electrode in an Aqueous Media 

OMasaharu Komatsu1， Kenichi Watanabe¥ Ayumi Ishibashi¥ Yasuro Niidome¥ 

Michihisa Mura旬三 YasujiroMurata2， Koichi Komatsu2， and Naotoshi Nakashima1 

ID々partmentof Applied Chemistry， Schoo/ of Engineering， I(戸lshuUniversity， 744 

Motooka， Nishi-ku， Fukuoka 819・0395，.11正l]Jan，2Institute ofChemica/ Research，め10加

Universi帆 Gokasho，句LめlOtO611-0011， Japan 

Abstract:“Mo叫le白cαu叫ua訂rs町g伊ery"0ぱfCι60started since 2却00削1.1

Rubin et al. developed a synthetic methods to open a cage on 

C60¥ and Komatsu et al. d回cribeda “molecular suture" of 

open-caged c6t The goal of this study is to understand佃
electron transfer between an electrode and the open-cage Cω 

on electrodes. Here， the electron transfer between electrode 

and open幽cageC仙 13，embedded in the artificial lipid-like 

amphiphilic compound， tetra-n-octylammonium bromide 

(TOAB)， film is d回cribed.

Four-consecutive one-electron reduction waves企omC60 

moiety of 1 were obsぽvedin cyc1ic voltammogrョm for a 

llTOAB film on a basal-plane pyrolytic graphite (BPG) Br -

electrode. on the con回恥 no electrochemical H
3
C(H
2C
h.¥+/(CH

2
hCH3 

communication was detected for a c出tfilm of 1 solely on /1¥ 
BPG. S仕ongerbinding of electrogenerated l-anions with H3C(H2C)i . (CH2)rCH3 

TOAB is considered to be important for the electrochemistry 

of 1 on the electrode.4 
TOAB 

References: 1) Y. Rubin， et al.， Angew. Chem.， Int. Ed. Engl.， 40， 1543 (2001). 2) Y. Murata， M. 

Murata， et al.， J. Am. Chem. Soc.， 125， 7152 (2003). 3) Y. Murata， et al.， J. Eur. Chem.， 9， 1600 (2003). 

4) N. Nak:ashima，“Fullerene Lipid Films"， in“Encyclopedia of Nanoscience and Nanotechnology， 

Vol. 3"， Ed. by Hari 8ingh Na1wa， American 8cientific Publishers， 2004， pp. 545・565.
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Synthesis and Properties of a New C60・TTPHybrid System 

OTakahiro Ikeuchi， Hisakazu Miyamoto， Yohji Misaki 

Department 0/ Applied Chemistry， Faculty 0/ Engineering， Ehime University 

Recently C6o-te仕剖hiafulvalene (TTF) 
sys旬mshave attracted much attention as 
light闇inducedcharge-separation systems for 
photovoltaic devices. We have found 
bis-fused TTF[2，5・bis(1，3・dithiol・2・ylidene)
1ム4，6-tetrathiapentalene](TTP ， 1) and it's 
derivatives have produced many organic 
metals stable down to low temperatures. In 
this connection， hybrid systems composed of 
C60 and TTP (2)町宮 ofinte悶st部 single
component conductors as well as 
photoinduced electronic materials. We report 
herein synthesis and properties of a C60・TTPhybrid system 2. 
The s戸1血esisof 2a，b has been achieved by Bingel-type cyc1opropanation reaction 
between 3 and C60wi血 CBr4and DBU出 toluene.Cyc1ic voltammograms of 2a，b 
consist of由reepairs of oxidation waves corresponding to也eTTP moiety，国ldfour 
pairs of reduction ones due to C60 moiety (T:油le1).百lereduction potentials of 2a in 
o-dichllorobenzene (0・DCB)are comparable to those of C60・Onthe other hand， the 
oxidation potentials of 2a，2b in C6H5CN are lower than those of la dueω 
e1ec位。n-wl吐吋rawinge宜ectofC60・

o 0 
R"-...--5 .S__..._5 .S¥/S¥/¥nノ』¥A，，/¥Cω
よ〉ベよ)=¥_1 DBU/CBr. t 
R/ -;::， ;::，- -~ ~-、SMeωlusm

:Xiベ:工〉ベ:〔:
TIP 
1 :R=H 
la :R=SMe 

o 0 

主同日!?

2a，b 

3a，b 
Table 1 Redox potentials of2a，b and也eirre1ated compounds 
(V vs. Fc / Fc+， 0.05 M Bli4NPF6) 

Compound solvent E1
0X E2

阻 E3邸 E4阻 El削 E2
削 E3削 E4剛

2a o-DCB 0.02 0.26 0.46 -1.20 -1.56 -2.01 ・2.54"
2a C6H5CN 0.10 0.31 0.59 0.73 
2b C6H5CN 0.10 0.31 0.59 0.73 
C60 0・DCB -1.18 ・1.58 -2.03 -2.62a 

h C6H5CN 0.06 0.27 0.58 0.71 

aIrreversible wave. Cathodic peak potentials. 

Refe問 nces:Dirk M. Duldi，et al.，J. Org.Chem.， 68， 779 (2003) 

Cor問 spondingAuthor T:北ahiroIkeuchi 
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Synthesis and Photophysical Properties of [60] Fullerene Adducts 
Carrying Oligocarbazole島loieties

OTak:ashi Konno， Yosuke Nak:amura， Satoru Watanabe， Masato Suzuki， and 1un Nishimura 

Department 01 Nano-Materia/ Systems， Graduate Schoo/ 01 Engineering， Gunma Universi，か

[ 60]Fullereneーdonordyads link:ed by covalent bondings have attracted much interest 
from the aspects of charge-separated states arising from the in位'amolecularphotoinduced 
elec仕on岡山fer. Especially， porphyrins and related compounds have been extensively 
utilized among a variety of donor moieties. In contrast， there have been only a few examples 
of carbazole-link:ed fullerene adducts， although carbazole is a good elec住ondonor known as a 
component of photoconductive poly(品vinylcarbazole)σVCz). Quite recently， we have 
successfully prepared [60]fullerene adduct 1 bearing a carbazole residue by using Bingel 
reaction. Unexpectedly， the photoinduced electron住ansfervia the excited states of 
[60]fullerene was not evidently detected in adduct 1. Aiming 
at the construction of further new fullerene-donor dyad systems， 
the introduction of two carbazole moieties or oligocarbazole 
moieties onto the [60]fullerene surface was examined. We 
have designed three [60]fullerene adducts 2-4 bearing two 
carbazole or oligocarbazole moieties attached to the 
cyclopropane ring symmetrically. The住imericcarbazole 
moieties in 4 have larger π-conjugated system and more 
electron-donating property than the single carbazole systems in 
2 and 3. The syn由esis(Scheme 1) 姐 dphotophysical 
properties of 2-4 are presented in detail. 

O O 

OEt 

1 

o 0 

toluene， r.t. 

2，3， and 4 

o 0 
R ..... ヘ、。人人。./"-.R C60， CBr4' DBU 

5，6， and 7 

Scheme 1. 

宇Correspondingauthor: Yosuke Nakamura 
E-mail: na誌ka創I宜mu凶rra@che児em.gunm江ma-制-u.a叫cι.必 Tel:+叶81-之27打7-3却0幽-1日31ロ2 Fa蹴x:+叶81白之27押7-3却0-1日314
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Confirmation of Chemical Modification of Carbon Nanotubes 

Using Gold Particles as Reaction Indicator 

o Hiroak:i Azehara， 1 Yuka K部 anuma，lTak油訂uOkajima，l Tad郎副F吋leω/Toshio Yasuda， 2 

Moto)'¥本iHirooka，2 Kishio Hidaka，2 Mitsuo Hay部副b訂'a，2and Hiroshi Tokumoto1 

lNanotechnology Research Center， Research lnstitute of Electronic Science， 

Hokkaido University， N21 W10， Kita-ku， Sapporo， Hok.初ido001“0021， Japan 

2Materials Research Laboratory， Hitachi Ltd， 7-1-1 Omika-cho， Hitachi-shi， 
lbarak.i 319-1292， .A正lpan.

Chemical modification of carbon nanotubes (CNTs) is a key factor to increase their 

solubility， change their optical and electrical properties， and so on. At the same time， CNTs 

are believed to be ideal tips for scanning probe microscopes.1 Especially， for chemical force 

microscopes
2 
with molecular resolution， we must combine these two techniques and develop 

AFM with chemically modified CN下tips. Prior to the usage， the CN'f.・tipends should be 

confirmed that出eyare properly modified chemically. However， conventional spec位oscopic

methods can hardly confirm血echemical states of the CNT-end because the amount of their 

functional groups is too small to be detected. 

In the present study， we try to label functional groups of CNTs with gold nano・particles.

Since thiol atoms form covalent bonds with gold ones， we introduce thiol groups to CNTs at 

the final step of their modification and then exposed them to colloidal gold so1. The pale red 

gold sol decolorized immediately after it was contacted with the solution of CNTs， suggesting 

successful adsorption of gold particles to the CNT-ends. Further， the adsorption of gold 

particles to CNT-ends was more evidently confirmed by scanning transmission electron 

microscopy and atomic force microscopy. Based on these resu1ts， it is concluded that gold 

particles can be used邸 anindicator for thiol groups tethered to CNTs， and therefore as a 

confirmation means of the chemical modification of CNTs. 

References 

(1) T. Uchih出hi，N. Choi， M. Tanigawa， M. Ashino， Y. Sugawara， H. Nish討凶a， s. Aki旬， Y. Nakayama， H. 

Tokumoto， K. Yokoyama， s. Moriぬ，M. Ishikawa， Jpn. J. Appl. Phys. 39， 8B， L887-L889 (2000). 

(2) S. S. Wong， E. Joselevich， A. T. Woolley， C.-L. Cheung， and C. M. Lieber， Nature， 394， 5255 (1998). 
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Fullerene Derivatives Bound to Oxygen -Synthesis， 
Photophysical behavior， and Generation of Singlet 0玄ygen

Tak:eshi Honmal，2， Ti成田niH訂alぺYusukeTajima
l， 

Mikio Hoshinol， Shiro Matsumot02， Kazuo Takeuchil，2 

1 Nanomaterial Processing Labリ R1KEN， Wako，351・0198
2 Depertment of Chemical Engineering， Sαitama Universi砂"Sait，αmα:，338-8570 

Recently， we reported血atthe acetalization of白llereneepoxides wi吐1several carbonyl 
compounds readily takes place in the presenωof Lewis acid to afford the corresponding 
1，3・dioxolanederivatives of C60・[1]Furthermore， we found由atfullerene mono oxide， 
C600 1 gives 1，2・fulle問nedio13 with the use ofBronstedωids as catalys臼.[2]
In吐lIspap町"we present photophysical 
properties of the仕ipletstates of C60 and 
severalおl1erenederivatives 1-3 (Fig.l) 
in toluene studied by laser f1ash 
photolysis. T-T absorption spectra of 1・3
訂elocated at the wavelengths shorter 
than血atof C60・The仕ipletlifetimes 
were determined by monitoring the 
decay of由eT -T absorption spec凶.The 
triplet states of C60 組 d 1-3 were 
effectively quenched by oxygen via 

O 

1 

九H
HO OH 

2 3 
Fig.l Fullerene derivatives 

energy transfc町.百leformation of the singlet oxygen e02) was∞nfirmed by 
observation of由.eemission spectrum of 102・Inthe formation of ι02 observed for 
toluene solutions of C60 and 1-3， the diffi町'encein q回 n加myield is hardly discernible. 

$3 30 I一一一-
ロ 1 屯 一一一 C60I 。 rハ1
さ T'¥ 一一一 120ト 11 ¥¥ 
8 It ¥¥司・町 2 

.会 10
Uヨ
g 
s 
居。

1220 

一'-'3 

1250 1280 1310 

Wavelength / nm 

1340 

Fig.2 Emission spec甘um企omsinglet oxygen generated by 
laser irradiation (532 nm) OfC60 and白llerenederivatives. 

[1] Y. Shigemitsu， M. Kaneko， Y. Taj加a，K. Takeuchi， Chem.Lett.， 2004， 33 (12)，1604・1605.

[2] T. Honma， Y. Tajima， D. Yam也aki，T. S出aki，K. Takeuchi， K. 11創laka，百le29血Fullerene-Nanotubes

General Symposium， 66 (2005). 
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Organofullerenes Highly Soluble in Polar Solvents 

OKiminori Kawakami and Jun Enda 

Mitsubishi Chemical Group Science and Technology Research Center， Inc 

1000， Kamoshida-cho Aoba-ku，ゐkohama227-8502， Japan 

We previously reported 由e syY曲esis of air-stable organofullerenes by 

mono-methylation of pentaorgano.叩 onohydro[60]fullerene 由説 Nakamura et al. had 

developed.1，2 These fullerene derivatives exhibit not on1y unique properties but also su:fficient 

stability as commercial products. However， they are insoluble in esters such as PGMEA 

(propylene glycol monomethy ether acetate)， a polar solvent generally used in industrial 

processes. In this study we prepared C6o( 4・C6140COR)sMe(1) with v紅白山 Rgroup and 

evaluated the solubility of the products in polar solvents. 

Compounds la・Igwere prepared in quantitative 

yield by esterification of C60( 4・C6140H)sMe under 

basic condition with a small excess of acid chlorides 

。人R

(RCOCl). Among them， derivatives with linear R group 

(i.e. la・lc)exhibited low solubility in PGMEA(< 

5mg/mL). On the other hand， derivatives with branched 

R group such邸 ld-leexhibited higher solubility in 

PGMEA (> 50mg/mL). Further， derivatives which 

possess bulky rotatable p制 onthe ester moiety (lf-lg) 

exhibited excellent solubility. In this context， 

C60( 4-C6140CH2COO-t-C4H9)sMe also exhibited 1a: R = CH3• 1b: R = C2Hs• 主:R= n-CaH7 
remarkable solubility in PGMEA (> 100mg/mL). 1旦:R = i-C3H7. 1金:R=t-C4Hg• 

Further， we will discuss thermal and optical properties 1f: R = CH2・同3H7.19: R = CH2・t-C4Hg

。γ
υ
I
R
 

~、
1 

as well as air -stability of these derivatives. 

In this presentation， we will also introduce other fullerene derivatives available by 

Mitsubishi Chemical group. 

References: 
[1]K. Kawakami and J. Enda， The 2cjh Fullerene Nanotubes General Symposium lP-l (2005) 

[2]M. Sawam町民H.I肱ぽa，and E.Nakamura， J. Am.Chem.Soc.， 1996，118， 12850， 
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Organic and OrganometaUic Derivatives of Dihydrogen-encapsulated 

[60] Fullerene 

o Yutak:a Matsuo， Hiroyuki Isobe， Tak:atsugu Tanak:a， Yasujiro Murata， 
Michihisa Murata， Koichi Komatsu， and Eiichi Nak:amura 

Nakamura Functional Carbon Cluster Project， ERATO， Japan Science and Technology 

Agency， and Department 01 Chemistり"The Universi，かザおか'0，and Institute for 

Chemical Research，め'otoUniversity 

Abstract: Regioselective mu1ti-addition reaction of organocopper and amine 

compounds onto dihydrogen encapsulated [60]fullerene， H2@C60， produced a v訂ietyof 

orga出cand organometallic derivatives of H2@C60・TheX-ray crystallographic analysis 

of dihydrogen encapusulated bucky ferrocene， Fe(H2@C6♂h5)C5H5， showed the 

presence of the dihydrogen molecule located almost in the center but slightly away from 

the ferrocene moiety. The 1 H NMR chemical shift values for the encapsulated molecular 

hydrogen indicated that these values are susceptible to the magnetic environment of 

inside as well as outside of the fullerene cage. 
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References: Matsuo， Y.; Isobe， H.; Tanak:a， T.; Murata， Y.; Murata， M.; Komatsu， K.; 

Nakamura， E. J. Am. Chem. Soc.， in press. 
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Ionization and Chemical Functionalization of Gd⑧CS2 

OTakayoshi Kono1， Yoichiro Matsunaga1， Tsukasa Nakahodo1， 11北油iroTsuchiya 1， 

Takatsugu Wakahara1， Yutaka Maeda2， Takeshi Akωaka1，¥Shingo Okub03， Tatsuhisa 

Kat04， Naomi Mizoroge， Kaoru Kobayashi乙ShigeruNagase3 

1 Center for Tsukuba Advanced Research Alliance， University ofTsukuba， 
Tsukuba， lbaraki 305-8577， Japan 

2 Departmeflt of chemistη，おかoGakugei University， Koganei，おか'0184・8501，Japan 
4J  Institutejbr Molecular Science，OKazakj，Aichi444・8585，.fIψm
Department of Chemistη1， Josai Universi収 Sakado，Saitama 350-0295， Japan 

Chemis的rof endohedral metallofullerenes is one of the most exciting topics in 

the fullerene science. They could give rise to new species or materials with novel 

properties which are unexpected for hollow fullerenes1). Among these， Gd@C82 is of 

particular interest because of the relationship which has potential for some new 

materials suchωMRI contrasting agents2-4).百lederivatization of Gd@C82 is a key step 

for developing its application in the field of medicinal use. 

Recently， we have verified the carbon cage symmetries of several endohedral 

metallofullerenes by the NMR measurement. Meanwhile， we have found that由e

addition of adamantylidene carbene to La@C82 selectively proceeds to a百ordthe 

mono-adduct5). The selectivity of the reaction is very important for 白rtherapplic剖ions.

h吐llScontext， we report here the chemical characterization of Gd@C82 by means 

of 13CNMR measurement of its副首onand the regioselective reaction of Gd@C82 wi也

ad出nantanedi位 irine.

+ 
h v 

Gd@C82 
、町圃."，

Re伽 ences Gd@C但(Ad)
1) Endofu/lerenes: A M仰 FamilyofCarbon Clusters; Akas誌a，T. and S. Nagase， Eds.， Dordrecht， 2002. 
2) Kato， H. et al. Chem. Phys. Lett 2000， 324， 255. 
3) Zhang， Y. et al. C舵m.Lett.2005，34，1264
4) Chen， C. et al. Nano Lett. 2005，5，2050 
5) Maeda， Y. et al. J. Am. Chem. Soc. 2004， 126， 6858. 
Corr四pondingauthor: 11池田hiAkasaka
Tel & Fax: +81-29-853・6409，E-mail: f!:kasaka(a)，tara.tsukuba.ac. jo 
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Isolation and Characterization of La⑧C74(<:6113<:12)-II 

OTak儲hiKikuchi，l Hide白miNikawa， 1 Takatsugu Wakah紅色1Tsukasa Nakahodo，l 

Takahiro Tsuchiya， 1 Takeshi Akasaka， 1 G. M. Aminur Rahman，l Yutaka Maeda，2 

Kenji YOza，3 Emst Hom， 4 Naomi Mizorogi，5 and Shigeru Nagase5 

1 Center for Tsukuba Advanced Research Alliance， University ofTsukuba， Tsukuba 

Ibαraki 305-8577， .J.ψ仰

2Department ofChemistry， Tokyo Gakugei University， Koganei， Toか'0184-8501，.J.中an
3 Bruker AXS K. K.リYokohama，Kanagawa 221-0022， .J.ψan 

4 Department of Chemistry， Rik，か'0Universi肌 To妙。171-8501，Japan 
5 Department ofTheoretica/ Mo/ecu/ar Science， Institute for Mo/ecu/ar Science， Okazaki， 

Aichi444-858~Japan 

In 1991， Sma11ey and co-workers reported that La@C6o， La@C74， and La@C82 

were produced in the soot， but only La@C82 w;出 ex仕actedwith toluene1
• Since then， the 

chemistry of soluble meta110ful1erenes has been started by centering on that of La@C82， 

and up to now many soluble endohedral meta110fullerenes have been separated and 

characterized. However， insoluble metalloful1erenes such as La@C6o and La@C74 

have not yet been isolated a1though they are regularly observed in the raw soot by mass 

spectrome句ん

Recently， we have reported the first isolation of La@C74部 ametal10fullerene 

derivative2. Three isomers， La@C74(C6H3Ch) Ia-Ic， were isolated and their lH and 13C 

NMR spectra indicate血atthey have the same cage structure in which the addition 

position of the dichlorophenyl group affords di宜erentstructures. Finally， the X-ray 

crystallographic analysis of isomer Ia旧国nbiguouslyverified the structure of the novel 

endohedral metal10fullerene derivative with由eC74(D3h) cage. 

We herein report由eisolation of new isomers， La@C74(C6H3Ch) IIa・IIc，and their 

structura1 determination by mass and spec住'Oscopicmeasurements. 

1) Y. Chai， T. Guo， C. Jin， R. E. Haufler， L. P. Felipe， F. Chibante， J. Fure， L. Wang， M. J. Alford， R. E. 

Smalley， J. Phys. Chem. 1991， 95， 7564-7568. 

2) H. Nikawa， T. Kikuchi， T. W:北ah館、 T.Nakahodo， T. Tsuchiya， G. M. A. Rahman， T. Akasaka， Y. 
Maeda， K. Yoza， E. Hom， N. Mizorogi， S. Nagase， J. Am. Chem. Soc. 2005， 12え9684-9685.

Corresponding Author: Takeshi Ak部aka

Tel&Fax十81・29・853・6409，E-mail:紘asaka@tara.tsukuba.ac.jp
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Isolation and Characterization of Gd2⑧C78 

o Yuji TakematsuI， Takayoshi Kono1， Tsukasa NakahodoI， Takahiro Tsuchiya1， 
Takatsugu Wak油紅a1，Yutaka Maeda2， Takeshi Akasaka1，¥Tatsuhisa Kato3， Shigeru N agase 4 

1 Center for Tsukuba Advanced Research Alliance， University ofTsukuba， 
Tsukuba， Ibarαki・305-8577，Japan 

2 DeRartment of chemist，η，ぬかoGakugei University， Koganei，おか0184-8501，Japan 
.J DeparJment of chemistη¥ Josai University， Sakado， Saitama 350・0295，Japan 

'f Institue for Molecular Science， Okazaki， Aichi 444-8585， Japan 

Endohedral metallofullerenes encapsulate one or more metal atoms inside a hollow白llerene

cage. These fullerenes have attracted special attention because they engender new spherical 

molecules with unique electronic properties and structures that are unexpected for empty 

白IKrems-1)

Among these， the gadolinium metallofullerenes have attracted special interest because of the 

promising applications to magnetic resonance imaging (MRI).2
・

7)百legadolinium metallofullerene 

isolated and structurally characterized so 伽 isGd@C82・Onthe other hand， we have recent1y 

reported isolation， characterization， and theoretical study of La2@C78・8)We here in report the 

isolation and characterization of Gd2@C78 by means of m出 s，absorption and EPR spectroscopic 

measurements. 

References) 

1) Endo.ルllerenes:A New Family ofCarbon Clusters; Akasaka，工etal. Dordrecht， 2002. 
2) Mikawa， M. et al. Bioconjugate Chem. 2001，12，510 
3) Kato， H. et al. J. Am. Chem. Soc. 2003， 125， 4391 

4) Bolskar， R. D. et al. J. Am. Chem. Soc. 2003，128， 5471 
5) Toth， E. et al. J. Am. Chem. Soc. 2004， 127， 799 

6) Sitharaman， B. Nano Lett. 2004， 12，2373. 

7) Sabrina， L. et al. J. Am. Chem. Soc. 2005， 127， 9368 
8) Cao， B. et al. J. Am. Chem. Soc. 2004， 126，9164. 

Corresponding author; Takeshi Akasaka， Te 1& Fax: +81・29・853・6409，E-mail: akasaka@tara.tsukuba.ac.jp 
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Analysis of Lanthanide-Induced NMR Shifts of the Ce@CS2 Anion 

OMichio Yamada，1 Takatsugu Wakahara， 1 Yongfu Lian，1 Tak品世oTsuchiya， 1 Takeshi 

Ak出aka，1Markus Waelchli，2 Naomi Mizorogi，3 and Shigeru Nagase3 

1 Center for Tsukuba Advanced Research Alliance， University ofTsukuba， Tsukuba， lbaraki 

305・857スJψan，2 Bru/ar Bio宅pinK. K.， Tsukuba， lbaraki 305・0051，.fI伊αn，3 Department of 
Theoretica/ Mo/ecu/ar Science， lnstitute for Mo/ecu/ar Science， 0初!zaki，Aichi 444-8585， 

Japan 

Abstract: Endohedral metallofullerenes have attracted wide interest because of their possible 

applications in the fields of nanomaterial and biomedical science. Much attention has been 

paid to encapsulation of lanthanide atoms havingf electrons， as seen for Tm@C82，
1 
Ce@C82，2 

Pr@C82，
3 Gd@C82，

4 and EU@C82・5 F or their elec仕onicand magnetic properties， cage 

structures and metal positions play an important role. Recently， we have succeeded in 

determining the cage frameworks of La@C82，6 Ce@C82/ and Pr@C82
8 by measuring the町

NMR spectra of their anions. From the MEMlRietveld analysis of synchrotron powder 

di飴actiondata ofSC@C82，9 Y@C82，1O and La@C払 11Takata and co-workers have determined 

that the metal atom is located剖 anoff-centered position on the C2 axis adjacent to a 

hexagonal ring of the C82 cage. These agree with theoretical prediction.
12 From the 

MEMlRietveld analysis， however， it is recently reported that EU@C82
5 and Gd@C82

13 
have an 

anomalous structure， in which the metal atom havingf electrons is located on the C2 axis but 

is adjacent to the C-C double bond on the opposite side of也eC2v・C82cage. We here report 

the position of the Ce atom in Ce@C82 by means of paramagnetic NMR spectral analysis of 

its創出nand density白nctionalcalculations. 

References: (1) Kodama， T. et al.， J. Am. Chem. Soc. 2002， 124， 1452. (2) Ding， J. et al.， J. Phys. Chem. 1996， 

100， 11120. (3) Ding， J. et al.， J. Am. Chem. Soc. 1996， 118， 11254. (4) Funぉaka，H. et al.， Chem. Phys. Lett. 

1995，232，273. (5) Sun， BヘY.et al.， Angew. Chem. Int. Ed 2005， 44， 4568. (6) Ak制民主etal.， J. Am. Chem. 

Soc. 2000， 122，9316. (7) Ak，出aka，T. et al.， J. Am. Chem. Soc. 2004， 126，4883. (8) Ak部aka， T. et al.， Chem. 

PhyS. Lett. 2002， 360， 235. (9) Takata， M. et al.， Chem. P勿's.Lett. 1998，298， 79. (10) 11誌ata，M. et al.， Nature 

1995，377，46. (11) Nishibori， E. et al.， Chem. P砂'S.Lett. 2000， 330， 497. (12) Kobayashi， K. et al.， Chem. Phys. 

Lett. 1998，282，325. (13) Nishibori， E. et al.， P命's.Rev. B 2004，69， 113412. 
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Systematic Study of Lutetium Eodohedral Di-Metallofullereoes 

Productioo， Isolatioo aod Structural characterizatioo ofLu2C2n (20=74・86)

OHisashi Umemoto1， Tak部 hiInoue2， Tetsuo Tomiyama1， Ryo Kitaura1， 
T oshiki Sugai 1 and Hisanori Shinoh紅a1ム

4

1 Department of Chemistη1， Nagoya University， Nagoya 464-8602， Japan 
34ToyotaCentral R&D LaboratoriesLInc.，Nagakute，AichL480-119Z Japan 
4InstitutejbrAdvancedResearch，Nagoya UniverstOJ，Nagoya 464a8602，Jtpan 
CREST， Japan Science and Technology Corporation， C/O Department of Chemistry， 

Nagoya University， Nagoy，α464-8602， Japan 

For di-metallofullerenes1 with various metal atoms， the meta110fullerenes based on C80/C82 

cages usually have much higher abundance than others， so that the most studies so 伽 have

concentrated on the C80/C82 based di-meta110fullerenes. However， di-meta110fullerenes based 

on other cage sizes may exhibit some unique and nove1 electronic properties. 

Here， we report the first systematic study of the production， isolation and structural 

characterization of a series of Lu di-metallofullerenes LU2C2n (2n=74-86). LU2C2n (2n=74圃86)

are isolated by mu1ti-stage HPLC method and characterized by LD-TOF-MS， UV-Vis-NIR 

absorption and 13C NMR. Table 1 summarizes the symme仕iesobtained by 13C NMR for a 

series of Lu di-meta110fullerenes which are produced and isolated in this study.百lecurrent 

study provides an important basis for a further investigation of metallofullerenes in a broad 

slze ranges. 

Cage size Isolated LU2C2n Symmetry 

Cn LU2C2@Cn Cs 

C74 LU2C2@C74 C2 

C76 LU2@C76 Td 

C78 LU2@C78 C2v 

C80 
LU2@C80 C2v 

LU2C2@C80 C2v 

C82 
LU2@C82 Cs， C2v， C3v 

LU2C2@C82 Cs， C2v， C3v 

C84 
LU2@C84 D2d， C1 

LU2C2@C84 D2d 

C86 LU2@C86 C2v 

Table 1. A series of Lu di-metallo白llereneswhich are produced and isolated. 

References: 

[1] H. Shinohara， Rep. Prog. P砂'S.，侵，843 (2000). 
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Facile Generation of Fullerene Nanoparticles by Hand圃Grinding

o Shigeru Deguchi， Sada-atsu Mukai，佃dKoki Horikoshi 

Extremobio平hereResearch Center， J.ψan Agency for Marine-Earth Science and 

Technology (JAMSTEC)， 2-15 Natsushima-cho， Yokosuka 237-0061， Japan. 

Fullerenes are hydrophobic carbon allotropes， and are not剖 allsoluble in water. 

However， nanoparticles of them remain dispersed in water even without the aid of a 

dispersing agent such as a surfactant. 1 On one hand， the dispersion may help to develop 

new biotechnological applications of fullerenes without performing chemical 

modification to endow water solubility. On the other hand， concern has been raised for 

the potential environmental impact of the dispersion. Indeed， the first report on the 

cytotoxicity of the C60 nanoparticles has not only at位actedconsiderable scientific 

interest but also drawn keen public attention.2 

The obvious approach to prepare small particles is a top-down approach， in which 

bulk solid is reduced to small particles by mechanical forces. However， this approach 

us回 llygives the particles on the order of microns in size. Thus， the nanoparticles， 

including those of C60， are generally produced by bottom-up approaches， in which 

molecules are allowed to assemble into nanoparticles in solutions or gas through 

chemical reactions. 

We found that in the case of fullerene C60， nanoparticles including those as smallω 

20 nm are produced readily by hand-grinding bulk solid in an agate mortar. To 0町

knowledge， preparation of nanoparticles by such a facile proced町'eis unprecedented， 

and is related closely to solid properties of C60・Thehand-ground nanoparticles of C60 

dispersed in water， just like those prep紅edby the conventional solution processes. 

13C_NMR measurements revealed that all 60 carbons of the C60 molecules in the 

nanoparticles are equivalent， indicating no significant chemical reaction took place 

during hand-grinding. Structure， size， and properties of the hand-ground C60 

nanoparticles will be presented. 

1) S. Deguchi， R. G. Alargova， K. Tsujii， Lan，伊 luir，2001， 17， 6013-6017. 2) E. 

Oberdδrster， Environ. Health Perspect.， 2004， 112， 1058・1062.
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The Structure and Physical Properties in Temary CωCompounds 

OTakashiN但riki， Satoru Motohashi ， 1五ronoriOgata 

Dξpt.ofMaterials臼e1111，功労昂フ'8eiUm'versity 

3・7-2R勾wocho， Kogane1: 1b砂v，184・8584.Japan 

Sinωthe dis∞Ivery of super∞nductivity in NaxXyCω(X=N:1b=12K， X=H:1b=15K)， 
there has been many interests in the structure and the electronic states ofthe Na-X-Cω 
ternary systems. It has been suggested that nitrogen or hydrogen in the systems 
contribute not only to a spaar which supp四ssthe structural instability but alωto the 
electronic states near the Fermi level. 
In the present work， Cs(NaH)xC60∞mpounds(x=1-10) were synthesized， and their 
structures and electronic properties were investigated by powder X-ray di飴action，
magnetic susωptibility and solid sta岱 NMRmeasurements. 
Stoichiometric amounts of， Cs， C60， and NaH were mixed and ground in a glove box 
and transferred inωan ESR quartz tube in a glove box. These raw materials in the 

sealed tubes were reacted in a furna，ωat 390
0

C品r74hours. 

Figure 1 shows the powder x-ray di畳actionpro宣leof CSNaHC60∞mpound at r，∞m 
temperature. The di畳actionpro宣lecan be indexed with a orthorhombic lattia(spaω 

group: Immm) ofla岡田∞nstantsof a=9.069 A， b=10.192 A and 0=14.128 A. Detail 

results on the ∞rrelation between structures但ldelectronic properties of these materi品s
w臼1be discussed in the presentation. 

12l ;3， 

10 

( 

喧

ζコ 8
，-; 

、---
〉、
吟J.-
ul 

ロ
Q) 
+J  

ロ
] 

o 

29 ( deg) 

寸

g 百
九 J 一一---'̂-

Figl. Powder x-ray di畳actionprofile of CsNaHC60∞mpound at r.t. 

[1] K.Ima吋aet al， Solid S臨 ωmmmlI倒on，Vol99， No7， 479-482(閉め
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Solution-Processed Organic Thin-Film Transistors sased on 

Dodecyl Substituted C60 Derivatives 

OM. Chikamatsu1， A. ltakura1， Y. Y'Oshida1， R. Azumi1， K. Kikuchi2 and K. Yase1 

1 Photonics Research lnstitute， Nationallnstitute 01 Advanced Indusf1・ialScience and 
Technology (AIS刀，Central5， 1-1-1 Higashi， Tsukuba， lbaraki 305-8565， Japan 

2D々partment01 Chemistη，ぬかoMetropolitan University， Hachioji 192-039スJゅm

We have rep'Orted s'Oluti'On-processed n-type 'Organic thin-film transist'Ors (OTFTs) 

based 'On l'Ong-chain alkyl-substituted C60， C60・fusedN-methylpyrr'Olidine-meta-Cn 

phenyl (C60MCn (n= 8，12，16))， exhibit high electr'On m'Obility [1-2]. In this study， f'Or 

eva1uating the effect 'Of a1kyl-chain 'Orientati'On， we fabricate and characterize OTFTs 

based 'On vari'Ous d'Odecyl substituted C60 derivatives (table 1). 

Films 'Of C60 derivatives were fabricated 'On highly d'Oped silic'On wafers c'Overed with 

Si02 by spin c'Oating fr'Om chl'Orof'Orm Table 1 .Dodecyl substituted Cωderivatives. 

sοluti'On under ambient c'Onditi'On. S'O町ceand R. Compounds R1 R2 

drain g'Old elec仕odeswere dep'Osited 'On the 

films. The TFT characteristics were 

measured in a vacuum at ro'Om temperature. 

Figure 1 sh'Ows 'Out-'Of-plane XRD pa悦 ms'Of 

C60C12 and C60MC12 films. Film crys同1linityis 

different in the tw'O films.百lespacings 'Ofthe (001) 

plane in血eC60C12 and C60MC12 fi1ms are 

ca1culated t'O 2.48 nm and 2.32 nm， respectively. 

Field-effect electron m'Obilities 'Of C60C12-and 

C600C12 Me ortho-Cl2H2SPh 
C60MC12 Me meta-C12H2SPh 
C60PC12 Me para-C12H2SPh 
C60C12 Me C12H2S 
C60NC12 C12H2S H 

10 15 20 25 

2th由(崎『刷

C60I凶C12

10 15 坦 z
2th咽 (d咽『田}

C60MC12-TFT exhibit 0.002 cm
2
Ns and 0.09 Fig.1.0ut-of-planeXRD抑制限ofC60C12

cm2Ns， respectively. These results indicated that and C60MC12 films. 

alkyl-chain 'Orientati'On 'Of C60 derivatives str'Ongly affects the film crystallinity and TFT 

perf'Ormance. 

[1] M. Chikamatsu et al.， Appl. Phys. Lett. 87，203504 (2005). 
[2] M. Chikamatsu et al.， The 29th Fullerene剖anotubesGeneral Symposium， 2-14 (2005). 

Corresponding Author: Masa:戸IkiChikamatsu 
TEL:十8ト29・861・6252，FAX: +81-29-861-6303， E-mail: m-chikamatsu@aist制 p

-64-



lP-17 

Electronic properties of higher fullerenes and their related compounds 
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1 Department of Chemistη¥0.むりlamaUniversi収 Okayama700・8530，Japan 

2CREST， Japan Science and Technology Corporation， Kawaguchi， 322-0012， Japan 

3 Japan Advanced Institute for Science and Technology， Ishi伽 va923-1292， Japan 

4Institute of Material Research， Tohoku University， Sendai 980・8577，Japan 

Fullerenes areπ-electr'On enriched materia1s which can produce n'Ovel physical properties 
such as metallic behavi'Or and superc'Onductivity. In metal interca1ated C60， the electr'On 
transfer企ommetal at'Oms t'O C60 m'Olecules plays an imp'Ortant role t'O the metallic behavi'Or 
and superc'Onductivity. In end'Ohedra1 meta11'Ofullerenes， the electr'On transfer 'Occurs仕omthe 
encapsulated metal at'Oms t'O由efullerene cage， leading t'O the semic'Onduct'Ors with very small 
band gaps. Theref'Ore， it is meaning白1t'O investigate the elec仕onicstructures 'Of vari'Ous types 
'Of 白llerenes.In this study， we have fabricated自eld-effecttransist'Or (FET) devices wi由 thin
films 'Of higher fullerenes， C76 and C78，組dstudied their FET pr'Operties in 'Order t'O clari今the
electronic properties 'Of higher fullerenes; tw'O is'Omers， 1 and II， are independently studied f'Or 
C78・Thestructures and electr'Onic properties 'Of metal intercalated higher fullerenes， RbxC76 
and RbxC78， have a1s'O been studied. 
The drain currentらversusdrain-s'Ource v'Oltage VDS pl'Ots 'Of FET device with thin_ films 'Of 
C76 is sh'Own in Figure 1. The field-e能ctm'Obility，μ， was estimated t'O be 3.5 x 10-'> <:m..:.y-l 
s吋丘'Omthe pl'Ots (Figure 1)， and the μ'Of C78 (1) FET was estimated t'O be 4.2 x 10'" cm":' y・v・
These values are l'Ower than th剖'Of也eC60 FET device， 0.6 cm

2y-l S-1 [1]. The difference in 
出eμva1uebetween C60 and higher fullerenes is due t'O the crysta11inity 'Of the thin films. 
百leref'Ore， the 'Ordered s仕切tures 訂e 300 
indispensable f'Or high-perf'Ormance FET 
devices. The 'Optical abs'Orpti'On spectra 'Of the 
thin films 'Of C76 and C78 have a1s'O been 200 
measured in 'Order t'O estimate the band gaps. 
Furtherm'Ore， the structures 'Of RbxC76 and 
RbxC78 have als'O been s同diedも'ythe X-ray 
p'Owder diffracti'On with synchr'Otr'On radiati'On. 
百leelectr'Onic properties will a1s'O be rep'Orted 
'On the basis 'Of temperature dependent ESR 
spectra 'Of RhxC76 and RbxC78・

VG= 130 
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Fig.l. ID -VDS pl'Ots 'Of C76 FET 
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Study 00 Eocapsulatioo of Radioactive Waste Elemeots ioside Carboo 

Naoocapsules 

OKazunori Yamamoto 

Nanomaterials Group， Quantum Beam Science Directorate， Nuc/ear Science Research 

lnstitute， 

Japan Atomic Energy Agency， Tokai-mura， Naka-.伊m，lbaraki 319-1195， Japan 

Abstract: 

A1though nuclear energy is the only non-greenhouse gas-emitting energy sources th瓜

C組 e宜ectivelyreplace fossil fuels and satis今globaldemand剖 present[ 1 ]， there is still 

opposition to出epeace白1use of nuclear powe工Themain objection against nuclear power is 

the risk of spread of“radioactivity" (radionuclides) to the environment where it may cause 

heal血effectsin human. 

Carbon nanocapsules are known to encage many kinds of elements in their inner cavity. 

The elements that were reported to be encapsulated in carbon nanocapsules紅e:1釦 .th田udes

such as La， Ce， Pr， Nd， Gd， Tb， Dy， Ho， Er， Tm and Lu， actinides such出 Thand U， alkaline 

earth such as Ca and Sr， transition elements such出 Sc，Ti， V， Cr， Mn， Fe， Co， Ni， Cu， Y， Zr， 

Nb， Mo， Ru， Rh， Pd， Hf， Ta， W， Re， Os， Ir， Pt and Au， and some other elements suchぉ B，Si， 

S， Ge， Se， Sb [2].官官 elements白瓜 canbe encaged in carbon nanocapsules will increase in 

number， because there are more than 10 elements由athave not been tested， such as Tc， Pm， 

Ac， Pa， Np， Pu， Am， and Cm， each of which is expected to be encaged in carbon 

nanocapsules. 

It should be emphasized出atmost of the elements in a typical nuclear spent fuel also 

appe紅 inthe elemental table where the elements can be encaged in nanocapsules. 

Considering chemical stability of carbon and also mechanical stability of graphene wall in 

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

References: 

1. P. Moore，“Statement to the Congressional Subcommittee on Energy & ResourcesヘApril28 (2005). 

2. Y. Saito佃 dS. Bandow， Fundamentals ofCarbon Nanotubes (in Japanese)， Korona-sha (1998). 
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Preparation of polyhedral graphite particles including rare earth metal 

carbides in their centers 

oKeita Kobayashi， Akira Koshio， Tatsuo Nakagawa and Fumio Kokai 

Department 01 Chemistry戸rMaterials， Mie University， 1577 Kurimamachi)叫 Tsu，Mie 
514歯5807，Japan 

Polyhedral graphite (PG) particles are加rbos回 ticgraphite balls of sub-micron sizes. 

Kokai and co-workers reported that the PG particles were produced using pulsed C02 laser 

irradiation onto pure graphite target [1， 2].百lepreparation of PG particles needs high 

pressure of Ar atmosphere (> 0.8 MP的.Recently， we produced 

single-wall carbon nanohoms aggregated around metal or metal 

carbide (M-SWNH) particles by continuous wave Nd:YAG 

laser irradiation onto graphite target containing iron-group 

metals and Ti in Ar gas atmosphere [3]. In this study， we 

performed laser vaporization of graphite containing rare earth 

oxide (M203) (M = Y， Gd and La) in Ar gas atmosphere (0.1 -

0.9 MPa). 

Single-wall carbon nanotubes (SWNTs) and carbon 

nanocapsules including MC2 (MC2・CNCs)were obtained at an 

Ar gas pressures of 0.1 MPa. PG p訂ticlesincluding MC2 in 

their centers (MC2-PG particles) (Figs. 1釦 d2) were obtained 

at more than 0.3 MPa. With further increasing Ar gas pressure， 

せleyield of MC2-PG particles increased and facets of MC2・PG

particles were clearly developed. Unlike the formation of 

M-SWNH particles by using iron-group metals and Ti， the 

product did not contain M-SWNH particles. We will discuss血e

formation of these various products. 
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[1] F. Kokai et al.， Appl. Phys. A， 77， 69 (2003). 

[2] F. Kokai et al.， Carbon， 42， 2515 (2004) 

Fig. 1. Transmission electron micros∞pe 

imageofYC2・PGparticles 

Fig. 2. Elec住ondi飴actionp組問lS

ofan YC2・PGpartic1e
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BulkACCVD Generation ofSWNTs with Narrow Chirality Distribution 

OShigeoM紅uyama1)，Yuhei Miyauchi1)， Takashi Shimada1)， Yoichi Mur;池田nil)，

Kenichi Sato2)， Yuji Ozeki3) and M部 d世toYoshikawa2) 

1) Department 01 Mechanical Engineering， The University 01おかo
7・3-1Hongo， Bunkyo-ku，ぬか0113-865丘Japan

2)争ecialtyChemicals Research Lab.， Chemical Research Labs.， Toray Industries， Inc. 

9-1， Oe-cho， Minato-ku， Nagoya 455-8502， Japan 

3) R&D Planning Dept.， Technology Center， Tor，のノIndustries，Inc. 
1-1， Sonoyamα1-chome， Otsu， Shiga 520・8558，Japan 

By scaling up the alcohol CCVD (ACCVD) generation technique [1，2] of single-walled 

carbon nanotubes (SWNTs)， bulk amount of sample is being prepared. By dissolving zeolite 

used as catalysts support， purified SWNTsωshown in Fig. 1 are produced. 

In order to determine the chirality 

dis仕ibution of SWNTs， dispersed and 

cen仕ifuged SWNTs in NaDDBSID20 was 

examined by the fluorescence spectroscopy with 

scanning excitation energy [3] as in Fig. 2. 

'As-grown' sample (20 mg) was sonicated for 30 

min in 10g of D20 with 0.5 wt % NaDDBS. 

After centrifuged at 436，000g X 1 hour， 

supematants was used for the measurements. 

Narrow chirality distribution with bright (7，5) Fig. 1 Ten grams ofpurified SWNTs. 

nanotube was obtained. This chirality 

distribution is equivalent to the case with CVD 

temperature at about 700 OC in the standard 

ACCVD method [4]. This sample with bright 

emission and with relatively narrow chirality 

distribution is useful for spec仕oscopicstudies. 
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[1] S. Maruyama et al.， Chem. Phys. Lett.， 360 (2002) 229. 
[2] Y. Murakami et al.， Chem. Phys. Lett.， 374 (2003) 53. 
[3] S.M. Bachilo et al.， Science 298 (2002) 2361. 
[4] Y. Miyauchi et al.， Chem. Phys. Lett.， 387 (2004) 198. 
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Isolation ofCircular Aggregates ofSingle-Walled Carbon Nanotubes by 
Ultrasonic Atomization 

Naoki Komatsua)， Takanori Shimawakia，b)， Shuji Aonumab)， Takahide Kimuraa) 

a) Department ofChemistry， Shiga University ofMedical Science， Seta， Otsu， 520-2192 

b) Osaka Eleclro-Communication Universi砂~ Neyagawa， Osaka 572-8530 

Although rings of carbon nanotubes (CNTs) are predicted to have interesting magnetic 

properties， facile preparation or isolation methods of the rings with high purity are not yet 

reported. We describe here a convenient method for the isolation of circular single-walled 

carbon nanotubes (c-SWCNTs) using 

ultrasonic atomization [1]. 

A suspension of SWCNTs was bath-

sonicated at 20 oC and the resulted mist 

above the surface was exposed to the flow of gas in 

gas (Fig. 1). The SWCNTs blown into the 

receiver (1) were found to consist of c-

SWCNTs exclusively by TEM analyses (Fig. 

2a)， while the ones from other parts of the Fig. 1 Apparatus for ultrasonic isolation of 

glassware and residue (2 -5) included only a circular SWCNTs 

little or no circles. They have round or oval 

shape with 0.5 -3.3μm in diameters (Fig. 2b)， and some of them may be inter10cked (Fig. 

2c). When much shorter 

SWCNTs were u叫¥;
Christmas wreath-shaped 

aggregates of SWCNTs 

were observed (Fig. 2d). 

From the viewpoint of 

the isolation mechanism， 

the relatively small droplets 

including circular SWCNTs 

are thought to be carried to 

a receiver， while larger 

droplets including textures 

of string-shaped SWCNTs 

were not blown by the gas. 

s--a 
a.，. 
A

・1
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守'ba血 so副同.tion

Fig.2 TEM images ofl 

[1] N. Komatsu， T. Shimawaki， S. Aonuma， T. Kimura， submitted for publication. 
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Recent advances in growth of vertically aligned SWNT films by ACCVD 

o Erik Einarsson， M出a戸北iKadowaki， Y oichi Murakami， and Shigeo Maruy田na

Department of Mechanical Engineering， The University ofTo匂叫 Toか0113-865丘Japan

In a previous study， we showed that白ethickness 
of vertically aligned (VA) SWNT films produced by the 

alcohol cata1ytic CVD method [1] can be determined 
during growth by in situ optical absorbance 
measurements [2].百世swas achieved by exploiting the 
relationship between the optical absorbance of a 

VA四SWNTfilm and its thickness [2]. An analytical 
description of the growth was developed based on these 
measurements [3]， which shows the cata1yst activity 
decreases exponentially with increasing CVD reaction 
time.百lUS，the final film thickness is 1訂gelydetermined 
by the initial catalyst activity; however， the factors 
affecting the cata1yst activity are not yet well understood. 
In the current study， we observed that the initial 

cata1yst activity is sensitive to the ambient chamber press町'eat which VA-SWNT growth 
occurs. This is shown in Figure 1 for three sep訂atecases. In the 600 Pa case a film with a 
thickness of 6阿nwas grown， as shown in Figure 2a， whereas the 800 Pa case σig 2b) 
produced a日1m21μm也ick.The enhanced growth may be at仕ibutedto an increase in the 
ethanol dissociation rate， or由epress町echange may have altered the f10w dynamics inside 
由ereaction chamber. Further studies are underway to cl紅i今出eunderlying mechanism. 
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Fig. 1: Pressure dependence of the 
initial growth rate ofVA-SWNT films 
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Fig. 2: (吋VA-SWNTsgrown at an ambient ethanol press町 of600Pa.百lefilm is approximately 
6阿nthick. (b) Growth at an ethanol pressure of 800 Pa resulted in VA-SWNT films with 
thicknesses greater白血of20阿n.The scale bar applies to bo出面lages.
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(2004) 298. 

[2] S. M紅uYanIa.E. Einarsson， Y. Murakami， and T. E由mura，Chem. Phys. Lett. 403 (2005) 320. 

[3] E. Einarsson， Y. M町ak佃 li，組dS. Maruyama， in prep紅ation.
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Selective 0玄idationof Semiconducting Single-Wall Carbon Nanotubes 

by Hydrogen Pero玄ide

OYasumitsu Miyata1へYutakaManiwa
1

ぺHiromichiKata町a
2

1 Department 01 Physics， Tokyo Metropolitan Universi.収 1・1Minami-Os仰 a，助 chioji，

おか0192-039スJapan
2Nanotechnology Research lnstitute (NRI)， Nationallnstitute 01 Advanced lndustrial 

Science and Technology (AIS刀， 1・1-1Higashi， Tsukuba 305-8562， Japan 

3CREST， Japan Science and Technology Corporation (JST)， Japan 

Single-wall carbon nanotubes (SWCNTs) occur as both metal and semiconductor 

types. However as yet， none of the synthetic methods used to prep町eSWCNTs are in 

fact selective towards the production of either pure metallic or pure semiconducting 

SWCNTs.百l1SIS a m司ordrawback with regards ωapplications， where SWCNT p町ity

is essential. For example， metal1ic SWCNTs are highly desired as nanometer-size 

conductors， while semiconducting SWCNTs are required節目eldeffect仕組sistorsand 

saturable absorbers. As such， the selective purification of metallic and semiconducting 

SWCNTs represents a very important target. 

Here， we report an optical study of SWCNTs oxidized in H202・Commercially

available HiPco w出 purifiedand used邸 thestarting material to ob旬inSWCNT 

samples， which were then oxidized in heated H202. From an analysis of the integrated 

intensity of the absorption bands of metallic and semiconducting SWCNTs， it w出

estimated由atthe concentration of metallic SWCNTs in the final product was higher 

than 80 %. The enrichment of metallic SWCNTs was not observed during oxidation in 

air. Absorption spectroscopy confirmed that SWCNTs were weakly doped with H202・h

was suggested that the faster oxidation of semiconducting SWCNTs was due to its 

higher reactivity resulting仕omhole-doping by H202・
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Growth ofcarbon nanotubes by RF-PECVD 
-Lowering of growth temperature by pretreatment of catalyst film圃

oTakamichi Sakai1 ，Atsushi Suzuki1， Hideki Sato1， Koichi Hata1 ，Yahachi Sait02 

1 Department of Electrical and Electronic Engineering， Mie University 
1577 Kurima-machiya-cho， Tsu 514-850スJapan
2 Graduate school of engineering， Nagoya University 
Furo・cho，Chikusa-ku， Nagoya 464-8603， Japan 

A radio frequency plasma enhanced chemical vapor deposition (RF-PECVD) method is 
one of the most suitable growth method of CNTs for fabrication process of field emission 
displays (FEDs) because of possibilities for low白mperatureand large area CNTs growth. We 
have examined CNTs growth characteristics by the RF・PECVDmethod with an intent of 
controlling the growth of the CNTs for the FEDs application. In this pape巳weshow effects of 
granulation of the catalyst to temperature for CNTs growth. 
CNTs were grown in an RF -PECVD appara加swith conventional planar type 

capacitively-coupled plasma source. A discharge frequency was 13.56MHz. Silicon (100) 
single crys同1(10xl0 mm2) on which ca胞lystiron (Fe) was deposited by vacuum evaporation 
was used as a substrate for CNTs growth. The thickness of catalyst iron was 3 nm. The 
process of CNTs growth consisted of two steps. First， the substrate was annealed as a 
pretreatment in a vacuum of about 4.0xl0・.3Pa. The pretreatment temperature was 650

o
C. 

Second， plasma was generated in an atmosphere of CI-4 and H2 and CNTs were grown on the 
substrate. Gases f10w rates were 80 sccm for CI-4 and 20 sccm for H2・ Pressureduring the 
CNTs growth was 67Pa. The growth temperature was varied from 650

0

C to 500
o
C. The CNTs 

grown on the substrates were observed by a scanning electron microscope (SEM) and a 
transmission electron microscope (TEM). 
Fig.l (a) is an SEM image of the surface on the substrate pretreated at 650

o
C. F ormation 

of nanoparticles was confirmed. Fig.l (b) and (c) are SEM images of CNTs grown at 550
0

C 
and 500

0

C after the pretreatment at 650oC， respectively. Both of the CNTs were multiwalled 
CNTs that had about 9 nm in average diameter. Thickness of CNTs layer grown at 550

0

C and 
500
0

C were 4阿nand 400 nm， respectively. These results show that enough granulation of the 
catalyst is indispensable for the lowering of growth tempera旬reofCNTs. 

Fig.l SEM images of (a) the surfa田 onthe subs回 tepretr回，tedat 650oC， and也eCNTs grown at (b) 550t 
and(c)5000C after白epretrea伽lentat 650t. 
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Low-temperature growth of carbon nanotubes by alcohol CCVD 

OKen Hiasa1 ， Tsuyoshi Nakagita1 ，Hideki Sato1 ，Koichi Hata1 ， Yahachi Sait02 

1 Department 01 Electrical and Electronic Engineering， Mie University ， 

1577 Kurima-machiya-cho， Tsu 514・8507，Japan 

2 Department 01 Quantum Engineering， Nagoya University， 
Furo-cho ， Nagoya 464-8603 ， Japan 

Development of technique to synthesize carbon nanotubes (CNTs) directly onto 
substrate at low cost and剖 lowtemperature (< 600

0

C) contributes to applications of CNTs to 
electronic device such as field emission displays (FEDs). We have found that it is possible 
to synthesize CNTs by alcohol catalyst chemical vapor deposition (ACCVD)， which has 
recently attracted much atlention as a simple growth method of CNTs， at lower temperature 
血組曲瓜ofconventional CCVD methods. In this study， we have examined dependence of 
CNTs growth on growth tempera加reunder an intention to lower the growth temperature by 
alcohol CCVD. 
An ACCVD system used in this study consisted of a gas introduction system， a 

mechanical vacuum p凹npand a quartz tube reactor heated by an electric furnace. Ethanol 
(p町ity:99.5%) w，出 usedωcarbonfeedstock. A Co-Al bilayer film deposited by vacuum 
evaporation was employed as a catalyst film. Co was deposited onto Al film that was 
previously deposited onto a p-句pesilicon (100) wafer (10 X 10mm2) as a bu宜erlayer. 
Thickness of Co and Al film were 2nm and 20nm， respectively. Growths of CNTs were 
carried out under a pressure of 40Torr in an ethanol atmosphere. The growth time was 10 min. 
Fig.l shows cross sectional scanning electron microscope (SEM) images of CNTs 

synthesized at 450
0

C and 550
o
C. Thickness of CNTs layer for 450

0

C and 550
0

C are 
170nm and 400nm， respectively. Observation of CNTs synthesized瓜 450

0

C by 
transmission electron microscope (TEM) showed th瓜 itwas multi-walled carbon nanotube. 
These resu1ts show that it is possible to grow CNTs at temperature as low as 450

0

C by the 
alcohol CCVD. 

Fig.l Cross sectional SEM images of CNTs layer grown剖(a)450 and (b) 550"C. 
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Plasma sheath effects on the growth of freestanding individual 

single-walled carbon nanotubes 

O工Kato1， R. Hatakey;田na1，and K. Tohji2 

1 Department 01 Electronic Engineering， Tohoku University， Sendai 980-857久Japan

2Graduate School 01 Environmental Studies， Tohoku University， Sendai 980・8579，Japan 

R即位1骨，台関凶ldingindivid凶 1single-walled舗もonnano旬b回 (SWNτs)wi町田ωss白lly

produced on a silicon・ba田dt1at印加位蹴:，owing加adi血JSionpIasma-et由ancedc加凶伺1v;得声。rお防組on

(p配VD)method by our group [1].百出 u脳m脇町:hnique，白勝-dimensionalalignment∞n1rol of 
indivi，伽alSWNTs，叩E伊"Ovi也hugeOJ事淵m組目白devd叩 anew却pe部副臨仰向for SWNT devi，田s.

In order to fully凶epo蜘制ab制国of血isunique-shape SWNTs， however， a more伊官邸∞n1rolis 

inev泊bleon也epartofω恥蜘cturess叫倍加be-ali伊ment，-d削 ic附戸rty，-diame臨，明l即位and回

on. For由epw和田 ofover∞ming 1he above-mentionedα制伺1is田e，rol，田 ofpIasma sh伺血 have

quanti凶 ive1ybeen disc回sedw油d伽 iledpl翻 naml揃 urementsand simple叫cu1組osS.

Fi伊res1 (a) and (b) describe typi回l蜘 lningel帥'Osmicroωpe (SEM) and凶lSmission

eI即蜘 miαm∞pe(IEM) inlag出 ofthefree蜘血gindivi伽alSWNTs戸吋u剖 w抽血ediffusion 
PECVDmetl凶，res伊ctively.Most all of tip阿 tsof貨問凶凶ngSWNTsvゐ蹴泊回selyσig.l(a)). The 

main diame町 ofSWNTspr吋u(訓 isaround 3 nm， which is slightly larger白血白紙of general SWNTs. 

A∞α曲 g白血1plecalcu凶 osSand Langmuir戸"Obem伺 suremen民 itis foWld由ataneI卸価cfield 

油田耕lon勧 tip凹rtof individual SWNT is above 12 V11μm， which is甜田助仙蹴ed∞m凶吋w池

amacro鉛aleeI町出cfield (O.OIV/j凹n)owing船出e町中eshape of量四S臨ldingSWNTsσig. 1(の，).A

∞m卵白onbetween也四nalell四gy，which di蜘 b加bealignment， and ro凶onenergy cau剥 by血e
pIasmash伺血el，町民cfieldσig，l(d)) pro吋desa甜"Ongeviden白血at也epIasma sheath el即位icfie1daff配ts

the査開凶dingalignment of individual SWNTs d歯切tly.
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Fig.l (a)SEM and (b)TEM images offreestanding SWNTs. (c) A potential profile泊theplasma sheath calculated 
wi白Poisson'sequation. (d) Schem雌icim略的ofthe individual SWNTs alignment. (E， P，阻ldF describe a vector 
ofelω耐cfield， a dipole， and a force， resp国土ively.e deno総 anangle be阿国nthe tube and field. ) 

Referen印:[1] T. Kato， et al.， Abs仕actsofthe 29也Ful1erene-NanotubesGeneral SymposIum， p. 10，2005. 
Corresponding: T. Kato， kato@olasma.eceI.tohoku.ac.ill， TEL: +81-22-795-7046， FAX: +81-22-263・9225
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Synthesis and Purification of Double Walled Carbon Nanotubes 

o Kazuyo Matsumotol， Toshiya M町北amil，Kenji Kisoda2， Toshiyuki Isshikil， 
and Hiroshi Harima 1 

1 Dept. Electronics and Information Science，めl0toInstitute ofTechnology，めl0to606-8585， 

J正lpan

2WaむりノαmaUniversi.初防むryama640・8510，Japan 

Chirality and wall numbers are both key factors determining physical properties of carbon 

nanotubes (CNTs). Double-walled carbon nano加bes(DWNTs) have advantages over 

single-walled nanotubes (SWNTs) in the mechanical toughness and chemical stablity.百世n

DWNTs show strong one-dimensional character like SWNTs. Motivated by such high 

potentials for fu旬reapplications， we are aiming at establishing an e伍cientand selective 

growth method for血inDWNTs.

Here we report an experimental result focusing on post-purification processes for CNT 

products grown by chemical vapor deposition (CVD). Hexane was used for the carbon 

source with a combined ca同lystof cobalt acetate， ammonium iron acetate and ammo国国n

molybdate tetrahydrate supported in MgO power. The products were purified by oxidation 

in air and washing in acids， and characterized by R田nansca仕組ngand transmission 

electron microscopy (TEM). When the purification processes were optimized， two clear 

peaks were observed in Raman spectra (Fig.l)剖 around160 and 300 cm-l for the radial 

breathing mode. As depicted in a typical TEM image (Fig.2)，也epurified samples were 

dominated by DWNTs wi也 outer-and inner-tube diameters of 1.3-1.6 and 0.7・1.0nm， 

respectively， and血etube diameters had relatively narrow dis凶butions.

150 200 250 3∞ 
Raman Shift(cm-1) 

Fig.l RBM spectra excited at 488.0nm 
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The Effect of Intra-Pore Size of Porous Glass for the 

Preparation of Single-Wall Carbon Nnanotubes 

o Yosuke Aoki 1， Shinzo Suzuki 1， Hiromichi Ka阻ura2，Hiroshi Nagasawa3， 

HisaoAbe
4， and YohjiAchiba1 

1 Department of Chemistη，おかoMetropolitan，おか0192・039スJapan
2Nanotechnology Research lnstitute， Nationallnstitute 01 Advanced lndustrial Science and 

TechnologyμIS刀，Central4， Higashi 1-1-1， Tsukuba， lbaraki 305-8562， Japan 

3 Life Science砂'stemDivision， EBARA Corporation， 4・2-1HoゆIjisawa，

Fザisawa-shi，Kanαgawa 251・8502，Japan 

4Research and Development Section， Ceramics Research Center ofNagasaki， 605-2 

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

Last ye民 itwas confirmed that single白wallcarbon nanotubes (SWNTs) have been 

successfully prepared by applying alcohol幽CCVDtechnique [1] utilizing porous glass (PG) as 

metal-supported material [2]. Since PG having several different inner-pore sizes can be easily 

obtained， by controlling the ambient temperature in the PG preparation process， it is 

interesting to see whether the formation process of SWNTs is influenced by the inner-pore 

size of PG having similar grain size. 

In the previous investigation， it was recognized that SWNTs could be prepared by utilizing 

PG having :::::; 30 mn inner-pore size [3]. In this presentation， it is demonstrated th剖 S¥¥明Ts

can also be prepared by using PG having much larger inner“pore size (up to -200 nm). Also， 

it was found that， as larger the inner-pore size of PG becomesラthereaction temperatぽeglvmg 

the best yield of SWNTs shifts to the lower. Raman spectra of SWNTs obtained with ACCVD 

technique at the same ambient tempera加reby using PGs having larger inner-pore size 

indicate broader diameter distributions for them. The experimental findings of absorption and 

fluorescence spectroscopy for these SWNTs are presented and used for further discussion. 

This study was partly supported by Industrial Technology Research Grant Program from 

New Energy and Industrial Technology Development Organization (NEDO) of JAPAN， and 

the Grants-in-Aid for Scientific Research (B) (No.l635 1104)企omMEXT.
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Ioflueoce of C~， C2~， or C2H2 gas additioo 00 the growth of 

SWNTsioH2・Ararc discharge 

oT. Kitamura， X. Zhao， S. Inoue， and Y. Ando 

21st COE Program “Nano Factory"， Dep町田lentof Materials Science & Engineering， 

Meijo University， Tenpaku-ku， Nagoya 468-8502， Japan 

High-yield and high-cI)叫allinitysingle-wall carbon nanotubes (SWNTs) have been 

mass-produced by a dc arc discharge evaporation of carbon anode containing 1 at% F e 

cata1yst in H2-Ar mixture gasl). H2 gas selectively etches the amorphous carbon in the 

growth process of SWNTs by forming gaseous hydrocarbon. However， the yield of SWNT 

production， the ratio ofthe obtained SWNT mass to吐leevaporated anode mass， is only ~ 4%. 

In the present s旬dy，CH4， C2~， or C2H2 gas have been added into H2・Armixture gas to 

improve the yield of SWNT production. 

Figure 1 shows the Raman spec仕aof SWNTs prep紅edin H2-Ar-1%C~ mixture gas， 

and a strong RBM peak at 189 cm-1 and a weak RBM peak at 269 cm-1 can be seen in the 

inset. The RBM peak at 269 cm-1 comes from the SWNTs with 0.9 nm in diameter， and 

become s仕ongerwith the increase of partial pressure of C~ gas. Figure 2 shows the GID 

ratio obtained仕omRaman spectra of SWNTs prepared in H2・Ar-C~， H2・Ar-C2~， and 

H2・Ar-C2H2mixture gas. The addition of 1 %C~ resu1ts in the highest GID ratio， and it h出

been found that the yield of SWNT production increase 1 % also. As increasing the partial 

press町eof C~ gas， a lot of carbon smoke takes place in the growth process of SWNTs， 

resu1ting in the quick decrease of GID ratio. In the case of C2~ or C2H2 gas， the GID ratios 

with addition are always lower than也atwithout addition of these gases. This may be due to 

their low bonding energy and low decomposition temperature. 
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Selective Encapsulation of Dimetallofullerene into Single-Wall Carbon nanotubes 

OM. Ishida1， D. Nishide1， T. Inoue¥ R. Kitaura1，2， T. Sugai1，2， H. Shinohara1，2 

21Deparmmnt ofChemis町'，NagoyaUniversity， Nagoya 464-8602， Japan 
Institute for Advanced Research， Nagoya University， Nagoya 464-8602， Japan 

It is wel1 known theoretical1y [1] and experimental1y [2] that the dispersion and smal1 

electrostatic interactions occurs between single-wall carbon nanotubes (S¥¥市Hs)and 

ful1erenes inside peapods. Furthermore， the electronic charge upon ful1erene cages wi11 affect 

the encapsulation yield of peapods. To obtain information on the encapsulation mechanism， 

we have prepared the peapods using the mixture oftwo metalloful1erenes and tried to estimate 

the encapsulation yield of each metal1oful1erenes. 

A schematic view of peapods synthesis is shown in Figure 1. Using this doping method， 

one can simultaneously estimate the sublimation quantity and encapsulation yield of each 

metalloful1erenes. The metal1ofullerenes， DY2C2@C82 and Gd@C82， were used for peapods 

synthesis， in which their electronic charges of each fullerene cages are know to be C826-組 d

c8l-， respectively. Peapods were prepared by the vacuum sublimation method [3]. An 
ampoule was evacuated to 1.0 x 10・5Torr and then vacuum sealed. The sealed ampoule was 

heated at 773 K for 2 days in a furnace. The ampoule 

was cooled down to room temperature. An energy 

dispersive x-ray (EDS) spectrometer was used for 

characterizing the encapsulated metal atoms. 

Figure 2 shows EDS spectra of peapods and 

sublimed fullerenes. In the capi11ary， each 

metal1oful1erenes exists almost at the same ratio. On 

the other hand， the EDS spec仕umof peapods 

indicates that DY2C2@C82 has encapsulated into 

SWNTs more e百iciently than Gd@C82. This ~ 

strongly suggests that encapsulation yield of 

mixed-peapods strongly depends on the charge state 

of metal1oful1erenes. 

References: 
[1]S. Okada et al.， Phys. Rev. Le抗.室長，3835(2001) 
[2] D. 1. Hombaker et al.， Science 295， 828 (2002) 
[3]H. Hirahara et al. Phys. Rev. Lett. 85，5384 (2001) 

Corresponding Author: Hisanori Shinohara 
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Figure 1. Schematic view of 

mixed-peapods s戸lthesis.
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Incorporation and release of C60 in/from single-wall carbon nanotubes 

with large diameters 

o J. Fan1， M. Yud出 akal，2，R.Yugd，D.N.Fuubd，K.Had，S.I訪imal-4

lS0RST， Japan Science and Technology Agency， C/O NEC， 34 M砂uki初oka，

Tsukuba， lbaraki 305-8501， Japan 

2NEC Corporation， 34 Miyukigaoka， Tsukuba， lbaraki 305-8501， Japan 

3 Research Center for Advanced Carbon M.αterials， Nationallnstitute of Advanced lndustrial 

Science and Technology (AIS刀， 1-1-1 Higashi， Tsukuba， lbaraki 305-8501， Japan 

4Meず'0University， 1-501 Shiogamaguchi， Tenpa初-k~ Nagoy~Aichi468・8502， Japan 

Aiming t'O use single-wall carb'On nan'Otubes (SWNTs) as carriers 'Ofbi'Ol'Ogical materials， 

the bi'Ol'Ogical materials are attached t'O the 'Outside walls 'Of SWNTs thr'Ough physical 

interacti'Ons 'Or chemical reacti'Ons. By inc'Orp'Orating the bi'Ol'Ogical materials inside由e

SWNTs， the functi'Ons 'Of SWNTs as the carriers will be broadened. Vari'Ous bi'Ol'Ogical 

materials have large sizes， theref'Ore the SWNTs with large diameters are useful as the carriers. 

Since n'Ot much is kn'Own ab'Out the inc'O中'Orati'Onand release 'Of materials in/企'Om

large-diameter SWNTs， we studied it with C60 and the results are intr'Oduced in血isrep'Ort. 

The super-gr'Owth SWNTs were synthesized by water-assited CVD [1]. The h'Oles were 

'Opened by heating up t'O 5500C with a rising rate 'Of 10C/min in dry air [2].百lemeth'Ods 'Of 

inc'Orp'Orati'On and release 'Of C60 in/企omSWNTs were the same with th'Ose rep'Orted 

previ'Ously [3]. As a result， we f'Ound th剖 thenumber 'Of C60・encapsulatingSWNTs w錨 lぽge

when the tube diameter was 5 nm 'Or less. S'Ometimes the C60 m'Olecules aligned 'On a line 

al'Ong the edges inside血icknan'Otubes， which w'Ould mean that the thick tubes were 

s'Ometimes flattened. The released quantity 'Of C60 was ab'Out 60% in t'Oluene-ethan'Ol (4:1 in 

weight). SWNTs with diameters in a range 'Of 3 t'O 5 nm released m'Ore C60 than 'Other diameter 

distributi'Ons. We infer that the stability 'Of C60 inside thick tubes is less than in the thin tubes 

because the stabi1ity 'Of C60 inside thick tubes w'Ould be gained thr'Ough small c'Ontact areas 'Of 

C60・C60and/ 'Or C60・wallby taking multi-he1ical arrangements [4] and 'Others. 

[1] K. Hata et al， Science 2004，306， 1362. [2] J. Fan et al， J. Phys. Chem. B to be published. 

[3] R Yuge et al， J. Phys. Chem. B 2005， 109， 17861. [4] K. S. Troche et al， Nano Lett. 2005，5，349. 
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In v;vo magnetic resonance imaging of single-wall carbon nanohorns 

through labeling with magnetite nanoparticles 

OJinMiyaw法i，1Masako Yud出 aka，1，2 Hideto Imai，2 Hideki Yorimitsu，3 

Hiro戸北iIsobe，3 Eiichi Nakamura3 and Sumio Iijima1，2 

IJST/SORST， C/O NEC， 34 Miyukigaoka， Tsukuba， lbaraki 305-8501， Japan 

2NEC， 34 Miyukigaoka， Tsukuba， lbaraki 305-8501， Japan 

3The University 01おわ叫 Hongo，Bunわ叫おか'0113-0033， .fIψan 

Aggregate size (ca. 100 nm) of single-wall carbon nanohoms (SWNHs) [1] 

corresponds to a condition for passive targeting toward cancer tumors by the enhanced 

permeability and retention (EPR) effect [2]. Moreov民 inviか'0 studies have 

demonstrated low/non-cytotoxicity of SWNHs and their capabilities for drug 

mco中orationand release [3， 4].百lerefore，SWNHs are one of candidates forむug

carriers in cancer therapy. Further development on biomedical applications of SWNHs 

and assessment of their toxicologica1 h位紅白 inliving body， however， require 

non剛anatomicalin vivo observation of their motions and accumulative behaviors. Here， 

we show our success of in vivo magnetic resonance imaging (MRI) of SWNHs through 

attaching superparamagnetic m姥netite，a MRI contrast agent. 

Attachment of nanoparticles (6 nm in diameter) of superparamagnetic magnetite to 

SWNHs was achieved through a deposition of iron acetate clusters on hole-opened 

SWNHs (oxNHs) in ethanol at room tempera加re，followed by heat-treatment at 4000C 

in Ar. ln vivo MRI visualized that when magnetically labeled oxNHs were administered 

into mouse via tail vein， they accumulated in the spleen and kidneys. Histopathological 

examinations supported the MRI results. The simple magnetite-attaching method would 

be applicable to any kind of carbon nanotubes， thus should facilitate the toxicity 

assessment of nanotubes and their applications in bioscience and biotechnology. 

Ac匙nowledgement:We thank Dr.工 Azamiand Dr. D. Kasuya for preparing NHs， and Varian 

Technologies Japan Ltd. and Bio View Co. for the NMR measurements and MRI observations. 
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Chem.， 3， 351 (1992). [3] T. Murakami， et al.， Mol. Pharm.， 1， 399 (2004). [4] K. Ajima， et al.， Mol. 

Pharm.， in press. 
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Structure of hole edges of single-wall carbon nanohorns and its influence 

on cisplatin release 

o Kumiko Ajima1， Masako Yudasaka1，2 Alan Maigne1， Jin Miyawaki1 & Sumio 
Iijima1ム3

1 SORST-JST， C/O NEC 34 Miyukigαoka， Tsukub~ Ibaraki305-85~ Japan 
2 NEC， 34 Miyukigaoka， Tsukuba， lbaraki 305-850， Japan 

3 Meijo University， 1-501 Shiogamaguchi， Tenpaku-ku， Nagoya 468-8502， Japan 

We have been studying applications of single-wall carbon nanohoms (SWNHs) to drug 

delivery systems， and previously showed that the incorporation of drugs and release are 

possible [1， 2]. E旺ectsof the released drugs were also confirmed in vitro出says[1， 2]. 

Recently， we found出atthe release sometimes became extremely slow， or even stopped on 

由eway. We clarified its reasons which are in位oducedin this report. 

We incorporated cisplatin (CDDP) inside SWNHs in dimethyl formamide and studied 

the CDDP release from SWNHs in PBS [2]. The CDDP@NHh could release 70% of CDDP 

in PBS， while CDDP@NHox released only about 15% [3]. Here， NHh denotes SWNH 

having holes with hydrogen-terminated edges [4]， and NHox denotes th瓜havingholes wi也

oxygen-containing functional groups (NHox). To find reasons why the release was stopped 

剖 15%for CDDP@NHox， we叩巾doutthe s旬diesshown below. 

CDDP@NHh and CDDP@NHox had similar structures， and both contained same 

amount (18 weight %) of CDDP. CDDP st印刷rewas kept in both CDDP@NHh and 

CDDP@NHox. Therefore we thought the stopping of the CDDP release from NHox wぉ

caused certain actions of PBS on CDDP@NHox. To clari命thecertain actions， we treated 

N凹1and NHox with PBS (PBS羽田1，PBS-NHox). Their TGA showed th剖thecombustion 

tempera加reofPBS・NHoxdecreased by about 1600C， but not that ofPBS-NHh. According 

to our previous report，出scombustion-temperature decrease is due to the chemical 

structure changes ofthe functional groups at the holes edges ofNHox [4]. We believe出at

the chemical structure changes of the hole edges of NHox brought by PBS was the m司or

reason for the CDDP-release丘omNHox stopping at 15%， which will be discussed in detail 

in the talks. 

Acknowledgement: We thank Dr. T. Azami and Dr. D. K部uyafor preparing single-wall carbon nanohorns. 
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(2005).4) J. Miyawaki， et al. J. P砂~. Chem. B 108， 10732 (2004). 
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Phonon transpo同 infinite length SWNTs using molecular dynamics 

simulations 

OJunichiro Shiomi and Shigeo Maruyama 

Department 01 Mechanical Engineering， The University 01おかo
7-3-1 Hongo， Bunかo-ku，おか'0113-8656， Japan 

Single-walled carbon nanotubes (SWNTs) are expected to possess high thermal 

conductivity due to their quasi-one-dimensional structure and strong carbon bonds [1]. Whi1e 

experimental attempts to characterize heat conduction of SWNT encounter technical 

difficulties， the classical molecular dynamics (MD) simulations hold advantage as the heat 

conduction is phonon-dominated. MD  simulations give us access to detail properties such as 

length dependence of thermal conductivity. Furthermore， by analyzing temporal evolution of 

spatio-temporal spectra by performing the wavelet transform or the short time F ourier 

transform， one can probe dynamics of individual phonon modes and their contribution to the 

overall heat conduction. 

Our e町lyMD  s加diesshowed the poweトlawleng由 dependenceof SWNT thermal 

conductivity up to sub-micrometers length [2].百lishas been discussed in relation with the 

one-dimensional heat conduction where theoretical models exhibit divergence of the thermal 

conductivity with respect to the tube length [3]. Here， we report our詑centresults of the 

simulation covering larger range of nanotube length and with longer sampling time. Results 

indicate that thermal conductivity is likely to converge where the length dependence falls 0宜

from the power law at the nanotube length of the order of a micrometer. The results， together 

with the observation of detailed phonon dynamics， will be compared with available studies of 

phonon transport equations. The detail 

pictures of the phonon transport can be 

probed by exciting heat pulse or wave 

packet and tracing their propagation. F or 

finite length SWNTs， phonon dependent 
contributions to the heat conduction are 

investigated in terms of transport 

properties of phonon modes in the key 

branches. 
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OMototeru Oba1)， Susumu Okada2)， 11北部副Miyake3)， and Shigeo M訂uyama1)

1) Department of Mechanical Engineering， The University ofぬかo
7-3・1Hongo， Bunか'o-ku，おか0113・8656，Jcαrpan 

2) Institute ofPhysics and Center for Comput，αtional Sciences， University ofTsukuba 

1-1-1 Tennodai， Tsukuba 305-8751， Japan 
3) Department of Physics，おかoInstitute ofTechnology 
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Peaks of joint density of states (JDOS) of single-wa11ed carbon nanotubes (SWNTs) 

plotted against diameter is ca11ed Kataura plot [1] and conveniently used for interpretation of 

resonant Raman scatterings， optical absorption 

and fluorescence spectroscopy. 

There are two ways to ca1culate the plot: 

one is to ca1culate SWNT energy band directly; 

another is to use zone-folding approximation to 

the calculated energy band of a graphene sheet. 

Since the former is too heavy to ca1culate with 

ab-initio ca1culation such 部 localdensity 

approximation (LDA) and GWapproximation 

(GWA) ， a comprehensive technique to 

compensate the curvature e能 ct on 

zone-folding method (Fig. 1) is desired. 

×Weisman 

0・g~8 1 :2 1 :4 1 :6 
Tube diameter [nm] 

Here， Kataura plot ca1culated from 

geome町 optimizednanotube struc同rew出

compared with the simple zone-folding 

approximation within Hamada-TB [2] level 

Fig. 1 Kata班 aplot企omzone-folding of 
graphenewi血GWA，LDA， TB models. 
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AFM Evaluation on Suspended Carbon Nanotubes 

o Shota Kuwahara 1
ラ
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Optical characterization with absorption and emission of suspended carbon nanotubes has 

shown remarkable progress on evaluating structural and electronic properties of nanotubes. 

These optical properties have been believed to come 丘omindividually isolated nanotubes 

without any experimental evidence. To study and evaluate properties of the suspended 

nanotubes， such as numbers of nanotubes in each bundle and bundle concentration， we have 

developed a new spray technique coupled with AFM observations. With this technique， the 
number density of nanotube bundles is evaluated through sonication and centrifugal 

sedimentation processes coupled with optical characterization. 

SWNTs of purified HiPco were dispersed in aqueous sodium dodecyl sulfate (SDS) 

surfactant [1 wt %] wi出 bathsonicator (sample 1). The resulting suspension was then 

treated in a probe-tip ultrasonicator (SONIFIER 250) for 30 min (sample 2). A丘er

sonication， the sample was centrifuged (HITACHI CSI00GXL) at 197，000g for 1 hour 

(sample 3) [1]. These samples were observed by AFM (Veeco Digital Instruments 

NanoscopeIV)ラ absorption spectroscopy (JASCO V・570) and spectrofluorometer 

(SHIMADZU). AFM samples were prepared by the spray technique with the suspension. 

The AFM images show nanotube bundles together with uniform thin layers of SDS with the 

height of2-3 nm. The ratio between observed amounts ofSDS and that ofnanotubes show the 
number density of nanotube bundles in the 

suspension using the concentration of SDS. 

Figure 1 shows that the number density increases as 

the sonication power is increasing企omsample No. 

1 to No. 2 suggesting debundling thick bundles into 

individual nanotubes. The results also show that 

ultracentrifugal sedimentation企omNo. 2 to No. 3 

changes the density to half of its original. With 

co-observed height and length distribution and 

optical observation，向rtheranalyses on absorption 

and emission cross section of the suspension and 

their dependence on the bundle size are in progress. 

References: 
[1] M. J. O'Connnel， et al.: Science 297 593 (2002). 
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Single-Walled Carbon Nanotubes Studied by Tip-enhanced Near，圃field

Raman Spectroscopy 
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Raman scattering仕ommolecules adsorbed on metallic nanostructures is strongly 

enhanced due to excitation of localized surface plasmon polaritons. This phenomenon is 

known凶 S町facee凶lancedR田nansca託ering(SERS). Even a single metallic nanostructure， 

e.g. meta11ic needle tip， can induce SERS at its apex， which is called tip-enhanced near-field 

Raman sc鮒 ering(TERS). TERS provides de凶ledchemical information in nanometer scale 

and is a suitable tool for characterization of carbon nano加bes.

We investigate the polarization property in tip-enhanced Raman spectroscopy by 

employing a radial plate consisting of four divided half-wave plates each with a different 

orientation of the slow axis. The radial plate provides both longitudinal (p訂al1elto the tip 

axis) and lateral (perpendicular to the tip axis) pol紅izationof the electric field on the sample 

plane by selecting the proper polarization of the incident field. Single-walled carbon 

nanotubes are investigated with由ispolarization control.百leradial breathing mode (RBM) 

and the G-band， which belong to different vibrational symmetries， show opposite polarization 

dependences. We will also report the investigation of the polarization selectivity of也e

tip-enhanced e:fficiency within the G-band. 

Until now， almost all TERS spectroscopy has been operated in transmission mode 

because of experimental confinement. However， the仕組smissionconfiguration cannot afford 

opaque or thick samples whereas reflection mode can. We have successfully measured TERS 

in reflection-mode. In this system， both illumination of incident laser and col1ection of Raman 

signals are performed企omupward through long working distance objective lens that can be 

applied for any substrates. We will also demonstrate TERS results on silicon substrates. 

Corresponding Author: Yuika Saito 

E-mail: yuika@riken.jp 

Tel: 048-467・9339，F蹴:048-462-4653 
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The feature of the Breit-Wigner-Fano Raman line in DNA-wrapped 

single圃wallcarbon nanotubes 

OHironori Kawamoto， Takashi Uchida， Masaru Tachibana and Kenichi Kojima 

Graduate Schoo/ oflntegrated Science， Yokohama City Universi収 22・2Seto， Kanazawa-ku， 

Yokohama 236-0027 Japan 

Breit-Wigner-Fano (BWF) Raman line in DNA-wrapped single-wall carbon 

nanotubes (SWNTs) was investigated. For 出・producedHiPco SWNT bundles， the 

asymmetric profile of BWF line is clearly observed with an excitation energy of 2.33 eV 

(Fig.la). The asymme仕icfeature almost disappears in isolated HiPco SWNTs by DNA 

wrapping in aqueous solutionσig.lb).百lechange provides evidence that the asymmetric 

feature of BWF line is attributed to the bundling effect of SWNTs. In addition， the 

asymmetric feature of BWF line strongly appears when the DNA-wrapped SWNTs are 

exposed to air. This means that the rebundling in the DNA-wrapped SWNTs can occur due to 

drying. According to the change of BWF line， the debundling and rebundling of 

DNA-wrapped SWNTs can occur due to hydrating and drying， respectively. Such reversible 

feature of DNA-wrapped SWNTs suggests that they are promising materials for biosensors 

and drug delivery devices. 
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Fig. 1 TM bands in typical Raman spectra for (a) as-produced HiPco SWNT bundles， and (b) 

DNA-wrapped HiPco SWNTs in aqueous solution， taken with an excitation energy of2.33 eV 

(532 nm) at 296 K.百leTM band was fitted with血reeLorentzian (dotted) lines and one BWF 

(dashed) line. 
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Band-gap modulation of semiconductive single-walled carbon 

nanotube in miceller solution by addition ofviologens 

OKoji Matsuura， 1，2 Takeshi Saito 1， Toshiya Ok位北ilぺSatoshiOhshima 1， 
Motoo Yumura 1 and Sumio Iijima 1 

1 Research Center for Advanced Carbon Materials， Nationallnstitute of Advanced 

lndustrial Science and Technology， Tsukuba， 305-8565 

2 Japan Fine Ceramics Center 

3 CREST， Japan Science Technology Corporation 

Semiconductive single-wa11ed carbon nanotube (sSWCNT) can be a 

macromolecular probe for environment of coating materia1s by detecting its band-gap 

modulation (BGM). By insertion of charged and non-charged organic molecules to w/w 

1 % sodium dodecyl sulfonate (SDS) micelle， the BGM were investigated by absorption 

and photoluminescence (PL) spectros∞pies. Uniform red-shifts were observed in the 
absorption spec仕aof (d) phenyl viologenσy2+) and (e) methyl viologen (My2+) 

(Figure 1)， while the significant shifts were not induced by addition of non-charged (b) 

4，4'-dimethylbiphenyl and (c) 6，6'・bi・3・picoline.We consider that the larger red-shift in 

MV2+ addition than py2+ is due to由eamounts of the viologens inserted to由e

hydrophobic domain of SDS micelle. In PL mappings after addition of the viologens， 

Ell emissions of bo由句'pe1 and n1 sSWCNTs were uniformly red-shifted. These 
phenomena would be explained to hole幽dopingeffect by insertion of the cationic 

viologens to SDS micelles， not by 

matrix国imposedstress-induction. The 

detail PL results and electronic 

structures of sSWCNTs will be 

discussed at the meeting. 

lType 1組 d11 are detined by mod(2n+m， 3) 
= 1 and 2， respectively. 
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Figure 1. Absorption spec汀umof sSWCNTs in (a) 
w/w 1% SDS miceller dispersion. Spec回(b)-(e) 
釘eafter addition of the organic molecules shown加
出is figぽ'e. 百le pe紘s are attributed to 
semiconductive Eu transitions. 
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Theoretical Current-Voltage Characteristics of Finite-Length Carbon 

Nanotube between Silicon(lll) Electrodes 

oY'Oshikazu K'Obayashil) ， Shigekazu Ohm'Ori2) ， 

Hir'O戸水iFuen'01， 3) ， and Kazuy'Oshi Tl組akal，3)

1) Department 01 Mo/ecu/ar Engineerin，ιGraduate Schoo/ 01 Engineering，め'otoUniversi収
Kyoto， 615・8510，.fIψ仰

2)Venture Business Laboratory，砂otoUniversity，身oto，606-8501， .fIψan 

みCREST，Japan Science and Technology Agency (JST)， Japan 

Since the disc'Overy 'Of electr'Onic transp'Ort prope均r'Of carb'On nan'O加he(CNT)， a large 

number 'Of studies have been carried 'Out t'Oward its applicati'On t'O many fields. In particular， 

CNTs have been at仕actingmuch attenti'On f'Or making m'Olecular devices， since CNTs訂e

expected t'O give a high-speed transist'Or due t'O ballistic c'Onducti'On. Recent1y， it has been 

suggested由atindividual metallic single-walled CNT (SWCNT) with tunneling barriers 

resulting企omdivisi'On int'O sh'Ort nan'Otube secti'Ons can be used f'Or the single-electr'On 

位'ansist'Or(SET) [1] and that SWCNT functi'Onalized wi也 hydr'Ogen'On the side wall can be 

expected as a q国 nωmd'Ot [2]. 

On this backgr'Ound， here we investigated current-v'Oltage (1-ηcharacteristics 'Of (吋 CNT

(6，6) wire and (b) CNT (6，6) wire functi'Onalized with hydr'Ogen sandwiched between silic'On 

electr'Odes wi由 Si(lll) surface. 百le transmissi'On spec佐um w出 c'Omputed using 

TranSIESTA-C program package [4]. In TranSIESTA-C， the charge density distributi'On is 

calculated with density functi'Onal the'Ory (DFT). E宜ect'Of the五回tebias is taken int'O 

acc'Ount using n'On-equilibrium Green's functi'On (NEGF) meth'Od [3]. I-V characteristics wω 

'Obtained fr'Om the transmissi'On spec仕umusing the Landauer-Buttiker f'Ormula [3]. 

In the presentati'On， we will rep'Ort quan印mphen'Omena such as C'Oul'Omb bl'Ockade in白e

system (b). M'Ore'Over， we will c'Omp訂'eI-V characteristics 'Ofthe system (a) with也前'Ofthe

system (b). 

References: 

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

[2] K. Sueishi et al.， Aおt.28th Fullerene-Nanotube General吊棚rposium，28， 131ο004). 

[3] S. Da凪 Elec.仰 nicTransport in Mesoscopic砂'stems(Cambridge University Pr巴ss，New York， 1996). 

[4] M. Brandbyge et al.， Phys. Rev. B 65 165401 (2002). 
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Photon-Induced Damage Creation in Carbon Nanotubes 
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O 

Our previous studies have shown that low-acceleration-voltage electron irradiation 

inevitably damages single-walled carbon nanotubes (SWNTs) [1].官1Isphenomenon 

can also be utilized for spatially selective removal of SWNTs [2]， conversion of electric 

property of a SWNT-FET仕ommeta11ic to semiconducting [3]， and making a SWNT 

insulating [4]. Here， we show that SWNTs are also damaged by low-energy photon 

irradiation in an ultra-high vacuum. 

SWNTs grown by the ethanol-CVD me血odwere exposed to white light in an 

ultra-high vacuum at beamline ABL・3Bin the synchrotron radiation白cilityof the NTT 

Atsugi R&D Center. The photon energies were dispersed in a wide energy range of the 

vacuum-ultra-violet region， but they were mostly below 1 keV.百leirradiation dose was 

estimated to be ofthe order of1020 /cm2
• 

百lelight irradiation drastically decreased G田bandintensity in the Raman spectrum 

of由eSWNTs， as shown in Fig. 1.百lisresult is very similar to those obtained when 

SWNTs areηadiated by low-acceleration-voltage electrons， and indicate that白e

SWNTs are heavily damaged. It also strongly suggests that the low-energy photon and 

electron irradiation damage occurs without assistance of gases in the circumference. 
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Fig. 1. Raman spec回 ofthe SWNTs before and 

after白esynchrotron radiation light irradiation. 
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Chemical Modification ofMulti-walled Carbon Nanotubes (MWNTs) 

by Vacuum Ultra-violet (VUV) Irradiation DηT Process 
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3， Akio Kawabata3， Fumio Takei4， 
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3Nanotechnology Research Center， Fujitsu Laboratories Ltd， Atsugi， 243-0197.Aψm  

4FiザitsuLaboratories Ltd， Atsugi， 243・0197Japan 

Control1ed chemical modification of the sidewalls of CNTs is one of the most 

fundamental technologies for device applications， such as transistors， sensors， and so fo吋1

[1，2]. 百lereare few reports on the dry process for chemical modification， although a dry 

process has many advantages compared to a wet process because of its control1abi1ity of 

aggregation. Mawhinney [3] and Cai [4] reported that the oxidation of single-wal1ed carbon 

nanotubes (SWNTs) in an ozone or UV/03 reaction produced a series of oxygenated groups. 

However， they did not estimate the amount of白nctionalgroups quantitatively. 

We have developed a fast dry oxidation process for CVD grown multi-wal1ed carbon 

nanotubes (MWNTs) using VUV (Vacuum Ul回 Violetlight (入，=172nm)) irradiation. We 

introduced carboxyl groups as manyω3% of the carbon atoms within one minute at room 

temperatureωshown in Fig.l. 百leMWNTs with the carboxyl groups were analyzed by 

attenuated to同1reflection (ATR) FT-IR， transmission electron microscopy， and x-ray 

photoemission spectroscopy. The attachment of the carboxyl groups was further confmned 

by reacting ferritin molecules with the 

MWNTs. 

We believe由atactive oxidizing species 

such as singlet oxygen are related to the high・

speed mechanism in the reaction 

system.References: 

[1] K. Matsurnoto et. al.， JJAP， (2003)， 42，2415 

[2] M. Nihei et. al， Proc. of IEEEIIITC， 234 (2005) 

[3] D.B. Mawhinneyet. al， CPL， (2000)， 324， 213 

[4] L.Cai et al， Chem. Mater.， (2002)，14，4235 
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Fabrication of antigen sensor using carbon nanotube FETs 

OK. TaniI， H.1t02， Y. Ohno1， S. Kishimoto1， M. Okochi2， H. Honda2， and T. Mizu回世l

IDept.ofQuantum Enz，Nα'goya Unかersi収 Furo-cho，Chikusa-ku， Nagoya 464-8603， Japαn 

2Dept. ofChemical Eng. and Biotech.， Nagoya Univ.， Furo圃cho，Chikusa-ku， Nagoya 

464-8603， Japan 

Carbon nanotube (CNT) FETs have at仕actedmuch紺.entionfor a variety of applications. 

Recently， the CNT biosensors have been reported [1，2]. However， the sensors have the 

problem of exposing the electrodes directly to the solution. In this study， we have fabricated 

the CNT-FETs， in which the contact electrodes are covered with insulator， and studied the 

effec臼ofthe antibody-antigen reaction on the drain current. 

Figure 1 shows an SEM image and a schematic cross section of由eCNT sensor we 

fabricated.百leopen window on也eCNT is凶 edfor the detection of antibody-antigen 

reaction. By this structure， it is possible to avoid the problem of exposing electrodes directly 

to phosphat怠bufferedsaline (PBS) solution. Figure 2 shows the time dependence of the drain 

current of血eCNT-FET. The current osci11ation was caused by the periodic adding of the 

water. This is probably due to the change in the pH of the solution. The base line of the 

osci11ation decreased when the PBS wi也antigen(10 mg/ml) was added in the solution.百世s

probably reflects吐leantibody-antigen reaction suggesting the possibi1ity ofthe CNT-FETs出

the antigen sensors. 

Fig. 1. SEM image and schematic cross 

section of the fabricated CNT sensor. 
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Easy Fabrication Process of Carbon Nanotube Emitters for Diode Type 
Field Emission Display with Organic Luminescence Thin Films 

oNobuyuki Iwata， Yasunori Ha旬，MasatoYoshikuni and Hiroshi Yamamoto 

Department 01 Electronics & Computer Science， CST Nihon University 

We propose a novel low voltage acceleration field emission display (LV-FED) by 

using organic luminescence films and carbon nanotube (CNT) emitters邸 acold 

cathode. The proposed LV-FED has a diode-type structure and is assembled by 

placing the CNT emitters close to the luminescence layers with the μ.m order of distance. 

The applied voltage between the anode (luminescence layers) and the cathode (CNT 

emitters) works also as electric field which transports injected electrons in the 

luminescence film to the recombination interface with holes. 

In this study we fabricated CNT emitters by the following easy processes; 

screen-printing (SP)， spreading by spray (SS) and spin-coating (SC) methods. The 

fabrication processes， conditions and emission current obtained are listed in Table I. In 

the case of SS and SC， decanted suspension of CNT's was used after sonicating由e

solution of CNT. The reason why somewhat low current density is probably due to由e

long cathode-anode dis旬nce，about 200μ.m. The SEM image showed that individual 

CNT's with about 100nm-500nm were dispersed with the density of 1.2x1Q7 cm-2. We 

will discuss observed luminescence concemed with the emitters fabricated. 

Table 1 : Fabrication processes of CNT emi“ers， condition and emission current 
SP SS SC 

Solution 
俳句中ineol(2.99g)+ Tetrahydrofuran Dimethylfonnamide 

ethylcellulose(0.16g) (THF) (DMF) 

CNT powder (wt<<>/o) 0.66 0.05 0.02 

Dissolution 
magnetic stirring at 

sonication for 12h sonication for 12h 
700C for 30mIn 

Deposition 
O.IMPa，lsec巧0，

2200中m，60secsqueeze 
3000C 

Annealing Dry 150oC， Bake 4000C Bake 4000C Dry 150oC， Bake 4000C 

Current Density at 9 (after irradiation of 
17 85 

350V (μA/cm2) excimer laser) 
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Development of detachment method of vertically aligned SWNT films 

from substrates and their re圃attachmentto arbitrary surfaces 

OYoichi Murakami， M出 a戸IkiKadowaki， Erik Einarsson， Shigeo M訂uyama

Dept. of Mechanical Engineering， The University ofToわゆ

7-3-1 Hongo， Bunかo-ku，ぬか'0，113・8656J.ψan

Abstract: 

A hot-water assisted detachment method for the peeling-off of our vertically aligned 

single-walled carbon nanotube (VA-SWNT) films [1]企omsubs仕ateshas been 

developed. In particular， we found that the VA-SWNT films grown on quartz substrates 

(Fig. 1a) is e:fficiently peeled offby submersing the substrate into heated distilled water 

(schematic in Fig. 1).百ledetached film floats on the water surface (Fig. 1 b).百lekey 

point is to use warm wαter above 60 oC， because the water in R. T. is almost ineffective 

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

Fur仕lermore，the de旬.chedfilm is readily re-attached to arbi位arysurfaces such as Si 

substrates (Fig. 1 c) and仕組sp町entpl出ticfilms (Fig. 1d). SEM observation confirms 

that the morphology before detachment (Fig. 2a) is perfectly preserved even after the 

re-attachment to other substrate (Fig. 2b). Detailed procedure， possible applications， and 

mechanism ofthe hot-water assisted process， will be presented in the symposium. 
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Fig. 1. Photos ofthe VA-SWNT films (的before佃 d(b) after detachment， and 
after re-attachment to (c) Si substrate and (d) transparent film. All the films泊
(b-d) are the same as that in (a).百lele食figureshows schematic ofthe process. 

Fig. 2. SEM image 
(a) before detachment and (b) 
after re-attachment on Si. 

[1] Y. Murakami et al.， Chem. Phys. Lett. 385 (2004) 298. [2] Y. Murakami et al.， to be submitted. 
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Microreactors Utilizing Vertically-Aligned Carbon Nanotubes 

o Naoki Ishigami，a Hiroki Ago，料bYukihiro Motoyama，a，b Mikihiro Takasaki，a 
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o Inmtute for MateriaJs Chemistry and Engineering (IMCE)，めrushuUniversit)ゅ uJCRE沼:JS/'

CGnι加l1e&hoolofEngineering，め制加Uni陀rsity

Carbon nanotubes are one of promising materials as catalyst support， because of their high 
surface area， feasibility to chemical modifications， and mechanicallchemical stabi1ity [1]. 
However， these are severe limitations in the use for catalyst support due to the high cost of 
nanotubes and their poor solubi1ity. Recently， microf1uidic devices have been 副racteda 
great interest as efficient and continuous reactors [2]. Generally， catalysts are immobi1ized 
on the walls of microchannels by chemical modification or vacuum deposition so that a 
catalytic reaction occurs only at surface of the channel. 
We have applied carbon nanotubes to the catalyst support by growing them inside a 
microchip. 百四 nanotube-incorporatedmicrochip has many advantages; (i) nanotubes are 
fixed inside the channel so出atdispersion of nanotubes in solvent is unnecessary， (ii) large 
contact area is expected because the nanotubes cover the whole channel， (iii) collection of 
nanotubes after a chemical reaction， such as白ltration，is not required，加d(iv) an 
electrochemical reaction or sensing can be performed due to their high el即位icalconductivity. 
We grew vertically-aligned multi-walled carbon nanotubes inside a channel (Fig. 1) and 
chemically modified them with pt nanoparticles. Hydrosilylation of olefin， which proceeds 
in the presence ofPt catalyst， was performed as a model reaction of catalysis， as shown in Fig. 
2. 百lesilane conversion reached 70 % after 1 hour of the experiment. We believe that 
our idea of incorporating nano佃besinto microf1uidic devices may find promising applications， 
because a small amount of nanotubes work uniquely and efficiently. 

1・octene
PUMWNT 

Product 

Figure 1. SEM image of vertically-aligned Figure 2. Illus仕ationofthe hydrosilylation reaction in the 
carbon nanotubes grown inside 白e PtlMWNT-immobilized microreactor. The size of the 
microchannel. reaction zone is 2.5x20xO.2 mm3

• 
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Growth and Characterization of Carbon Nanowalls 

OHirofumi YoshimuraI，Akihiko Yoshimura2， Pedro Molina-Morales3， Hiroshi Nakai3， 
Ke凶chiKojima1， M出町uTachibana1 

lInternational Graduate School 01 Arts and Sciences， Yokohama City University 

2Graduate school olIntegrated Science， Yokohama City University 

3Ishi知wajima-HarimaHem少IndustriesCo.， Ltd. 

Carbon nanowalls are one of carbon material with two司dimensionalstructure. They 

attracted attention due to their unique shape， which may enable their usage of gas storage 

devices， membranes for electrochemical energy storage， and field emitters. The s仕uc旬ral

characterization is indispensable for their practical applications [1，2，3]. 

The carbon nanowalls used in this work were produced on qu紅白 andSi subs仕ates

coated Ni， NilITO， NilCr or without any catalysts using a gas mixture of C}--4， H2 and Ar by 

dc PECVD method. Their lateral sizes were controlled from 0.3阿nto 1.5μm， by grow吐I

conditions. SEM was used to observe morphologies of carbon nanowalls and R田nan

spectroscopy and XRD were used to evaluate their structure. 

Fig.l shows the SEM images of carbon nanowalls prepared by dc PECVD method 

under different growth times. It shows small :flakes grow to 1訂gesheets gradually and wavy 

sheets form the network structure. From their Raman spectra and XRD da旬， we will discuss 

growth mechanism and s仕切加reof the carbon nanowalls in this report. 

Fig.l SEM images of carbon nanowalls prepared under di能rentgrowth times (企omle食， 5min，

10min and 20min， respectively). 

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

[2]M. Hiramatsu， K. Sh司i，H. Amano， M. Hori， Appl. P砂'S.Lett.， 84， 4708 (2004) 

[3]S. K凶 ta，A. Yosh加lUra，H. Kawamoto， T. Uchida， K. Kojima， M. Tachibana， P. Molina-Morales， H. Nakai， J. 

Appl. Phis.， 97， 104320 (2005) 
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Surface Modification of Carbon Nanotube 

with N02 Radical in Fuming Nitric Acid 

OKyozo Mizuno， Masaru Sekido， Masatomi Ohno 

Department 01 Advanced Science and Technology， Toyota Technologicallnstitute， 

2・12-1Hisakata， Tempaku， Nagoya 468-8511， J.ψan 

While surface modification by organic reactions has been thorough1y studied in ful1erene 

chemistry， such for carbon nanotube is now rising and variety of reactions on the sidewall 

have been demonstrated recent1y. In this report we wish to demons回tethe methodsω 

prep訂'ewater-soluble SWNT using simple N02 radical reaction as a key step. 

The aimed radical is available direct1y from N02 gas dissolved in aq. HN03 (白mingnitric 

acid). Related works are precedented for the addition reaction of SWNT with N02 gas in 

organic solvent by Moriyamぷandthe oxidation reaction of SWNT with HN03・H2S04by the 

plonβer Sma11ey. For comparison， heterogeneous conditions using fuming HN03 was carried 

out first with [60]fullerene， and sonication of suspended black powder C60 in也issolvent was 

found to cause dissolution gradua11y and give fullerenol 邸 abrown solution. 
alming HN03 H20 

C60 工 C60(N02)n 工 C60(OH)n
))) 

Wi由也isresult in hand， SWNT w，部 sonicatedin 2ml fuming HN03 at 600C for 10h by 

Branson ultra sonic c1eaner (42kHz). After dilution， the products were separated by filtration 

w1也 Milliporemembranes filter (10μm)， and washed wi由 water.百leresidue was put into 

10ml water and further sonicated at 60 Oc for 10h， followed by filtration with the same filter. 
We obtained black dispersed solution， which kept stable dispersion for over one month. 

The AFM images of SWNT [吋beforeand b) after tre伽 lentin Fig. 1] showed that SWNT 

was cut after the trea加lent.百leR担nanspec佐田n a) 

also showed stronger D-b叩 d(ca. 1300cm-1)， 

which is consistent with sidewall modification. We 

believe that the second sonication wi白NH30rH2S

and application to DWNT may be int町'estingin our 

present method. Fig. 1 AFM出agesofSWNT a) before， b) after 

References : H. Moriyama， Abs岡山of百le25th Fullerene-Nanotubes Memorial Symposium， lP-55 (2003) 
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Trapping of S-Heterocyclic Carbene witb C60 Probe Tecbnique 

OHidefumi Nikawa¥ Tsuk部 aNakahodo1， Takahiro Tsuchiya1， Takatsu伊 Wakah訂al，
G M. Aminur Rahman 1， Takeshi Ak邸aka1，Yutaka Maeda2， Michael T. H. Liu3， 

Akira Megur04， Soichiro K:戸lshin4， Hideyuki Matsumoto 4， 
Naomi MizorogiコandShigeru Nagaseコ

1 Center for Tsukuba Advanced Research Alliance， Universi.砂ofTsukuba，
Tsukub仏 lbaraki305・857スJapαn

2 Dep.artment of Chemis的l， Tokyo Gakugei University， Koganei， Toか0184・8501，Japan 
.J Department of Chemistη~ University of Prince Edward lsland， Charlottetown， 

Prince Edward lsland C1A4P3 Canada 
4 Department of Applied Chemおtη~ Faculty of Engineering， Gunma University， Ki.りJU，

Gunma 376-8515， Japan 
5Dψαrtment ofTheoretical Molecular Science， lnstitute for Molecular Science， 

Okazaki， Aichi 444-8585， Japan 

Recently， Wiberg and co-workers reported出eprep紅 ationof TTF analogue 
with a disilane backbone， ob旬inedfrom the reaction of the isolable disilene with carbon 
disulfide[l]. They suggested出atS-heterocyclic carbene intennediate plays the 
important role in the process of the generation of TTF analo思le.Meanwhile， 
heterocyclic carbenes have attracted special atiention as a spin source， ligand， catalyst 
and so forth， due to their unique coordination properties. Recently， we have reported the 
generation of a tetracycJosilene by the photolysis of the 
anti-dodecaisopropylcyclo[ 4.2. O. 0勺octasilane[2].Herein we report the generation of 
S-heterocyclic carbene with a cyclotetrasilane backbone by [2+3] cycloaddition of 
te仕acyclosilenewith carbon disulfide[3]. The carbene has been confinned by trapping it 
with C60 as a chemical probe[4]. The structural detennination of the obtained C60 
derivative has been perfonned by spectroscopic and X-ray crystallographic analysis. 
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[1] N. Wiberg et al. Chem. Eur. J. 8，2730 (2002). [2] S. Kyushin et al. Chem. Lett. 494 (2000). 

[3] H. Nikawa et al. Angew. Chem. In. Ed. in press. [4] a) T. Akasaka et al. J. Am. Chem. Soc.， 122， 7134 

(2000). b)工Wakaharaet al. J. Am. Chem. Soc. 124，9465 (2002). c) M. T. H. Liu et al. J. Org. Chem. 68， 

7471 (2003). d) M. O. Ishitsuka et al. Tetl・'ahedronLett. 45， 6321 (2004). 
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Regioselective Synthesis and Structure of 

Hepta( organo )[60]fullerene-Transition Metal Complexes 

OTakeshi F吋ital，Yutaka Matsu02， and Eiichi Nak創nural，2

IDepartment ofChemistry， The University ofTokyo and2Nakamura Functional Carbon 

Cluster Pr，ザ'ect，E丸4TO，JST， Hongo， Bunかo-ku，おかo113-0033， Japan 

Regioselective functionalization of fullerenes is one of the challenges in 

fullerene chemis句 dueto their complicated reactivity. However， we achieved this goal 

by reduction of penta( organo)[ 60]fullerene-transition metal complexes with potassium. 

Herein we report 血e regioselective synthesis of three kinds of 

hepta(organo)[60]fullerene-iron complexes by the reduction of buckyferrocene 1 

followed by trapping with alkyl bromide. And also we applied this reaction to血e

S戸由esisofhepta( organo)[ 60]fullerene-ruthenium complexes having carbonylligands. 

中|中 T- 中宮申

阿部門一切戸皆同窃お::
目"，/.，.- CH円、・2円、川町

命県[胸部J一世;
Buckyferrocene 1 was first reduced with nine equivalent of potassium in THF 

to give a dianion 2， and由entreated with excess amount ofα-bromodiphenylmethane to 

afford three isomers of heptaadducts 3， 4， and 5.百lestructures of these compounds 

were determined by X-ray analysis. The three isomers ofUV-vis輔NIRspectra were quite 

different from each other due to having different n-conjugated systems. On the other 

hand， a fullerene-ruthenium complex 6， which has two carbonyl ligands， was reduced 

without any decomposition and followed by the addition of the same halide to give a 

corresponding heptaadduct 8. We also report也espec仕oscopicproperties of the 

dianions，出eintermediates of these reactions. 
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Kinetics of 1，3-Dipolar Cycloaddition of Diaryldiazomethanes with 
Fullerenes C60 and C70 

o H. Kitamura， N. Seike， T. Higashi， K. Kokubo， and T. Oshima 
Depar防犯nt01 Applied Chemis旬~ Graduate School 01 Engineering， Osaka University， 

Suit，α~， Osaka 565国0871，Japan 

Due to the highly conjugated low-lying LUMO orbita1， C60 is demonstrated to easily 

undergo electrocyclic reactions such as 1，3・dipolarcycloaddition and Diels-Alder reaction. 

Diazoalkanes are well known to react wi出C60to give two monoadducts， [6，5] open fulleroids 

and [6，6] closed methanofullerenes， via nitrogen-release from the primary adducts [6，6] 

pyrazolines. 

However， to our best knowledge， li抗leis known about the kinetic features of these reactions. 

We， therefore， investigated the kinetics of 1，3・dipolarcycloaddition of a series of meta-and 

para引 lbstituteddiphenyldiazomethanes (DDMs) with fullerenes C60 and C70剖 30
0Cin 

toluene. The second-order rate constants for the primary addition of unsubstituted DDM to 

C60 and C70 were 0.113 and 0.078 s-l M-¥ respectively. It was found由atC60 reacted ca 1.5 

times faster than C70 wi也 DDMsand the rates increased with the increase of 

electron-donating ability of the substituents. The Yukawa-Tsuno equation gave the excellent 

correlations; log J1/ko =・1.61(，σ+0.216L1crR 1 + 0.02 (n = 12， R2 = 0.98) for C60， and log 
J1/kO =嗣1.66(σ+0.167L1crRl + 0.00 (n = 12， R2= 0.98) for C70， respectively. Plots of log 

k(C60) against log k(C70)， log k(DDQ)， and log k(TCNE) provided the linear correlations wi由

the slopes of 0.99， 1.57， and 2.57， respectively， reflecting由eredox potentials as wellぉ the

LUMOcoe伍cientsof the acceptors. 

AryAr 

ー一一一ーー'ー

[6，6)closed pyrazoline 
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Dias tereoselective Complexation of Chiral Diphosphine and 

Ruthenium-Pentaorgano[ 60] fullerene 

o Yuichi Mit組 i，lYutaka Matsuo，2 Yu-Wu Zhong2 and Eiichi Nakamura1，2 

lDepartment ofChemistry， The University ofToかoand 2Nakamura Functional Carbon 
Cluster Project， ERATO， JST， Hongo， B聞か0・ku，ぬか0113・0033，J.αrpan

Control of stereochemistry at the metal center of half-sandwich transition metal 

complexes plays an important role in bo也 catalyticand stoichiometric enantioselective 

transformation reactions. Herein we report the diastereoselective complexation of 

Ru(C6oMe5)Cl(CO)z (1)叩也 (R)ーprophosligand [(R)-1，2・bis(diphenylphosphino )propane]， 

giving an enantiomerically p町eand configurationally stable chiral・at-metalcomplex， 

Ru(C6oMe5)Cl((R)-prophos) (2). This ∞mplex was diastereoselectively conv，剖edinto 

cationic complexes， [Ru(C6oMeS)((R)・prophos)L][SbF6](L MeCN (3)， tBuCN (4)， 

methacrolein (5)， acetone (6)， CO (7)， 2，6・Me2C6H3NC(8)， BnNC (9)) and vinylidene 

complex (10) was also obtained diastereoselectively by treatment of 3 with phenylacetylene. 
Schen陣 1

0ど~ .CI 
u、主/

M九f1Y，M@

10 (lDO%de) 

M~ M 

pr-1pph2 一一一一一ー
1，2-CI2C6H4 
150 oC 
51旬、
2: (100%de) 

lweL CH~12， 250C 
>90% 

SbF6-

pJて下Pho2¥νz 
Me~ 円U' Me 

Me."ち~民日、 Me
号吾-H f1 :r ~'-l

司、

13， 600C \~ふ一色 1/1100/0 丈、 T7
L=MeCN 
3: L= MeCN(1∞%de) 4: L=ト臥JCN(100%de) 5: L = methacrolein (1DO%de) 6: L = acetone (lDO%de) 7・L=CO(100%de)
8: L = 2 ，6-Me~6同NC(77%de) 
9: L = PhCH2NC (67% de) 

局 'ure1. Molecular structu問。fRu(C曲Mes)CI[(R)-prophos](3) 
S剖配t凶 bonddistances (A) and angles CO); Ru-C(fulle悶neCp， averaged) 
=2.28 A， Ru唱。ntroid(fullereneCp) = 1.92 A， Ru-CI = 2.437(3) Ru-P1 = 2.344(3)， Ru-P2 = 2.341 (3)， P1-Ru-P2 = 80.5(1)， CI-Ru-P1 = 86.2(1)， 
α-Ru-P2=81.4(1) 
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Application of C60-based amine-Iabeling問 agen飽toMALDI-TOF MS analysis 

OHiroki Tsmnoto1，2， Kats田n出aT紘:ahashi1， Kol前北UKohda2， T akayoshi SUZ¥北il，

日dehikoN北agawa1andNω，ki~伍yata1

IOraduate School of Pharmaceutical Sciences， Nagoya City Universi，帆

Tanabe-dori， Mizuho-，飢 Nagoya467-8603， .A伊an

2FalωltyofP.ルvmaceuticalScience.ふMusωhinoUniversity， 

Shin-machi， Nishitoか'0，おか'0202-8585， .A伊仰

P叩tidemぉs血唱切出血19(pMF) is a massヰ蹴凶Ime位ictechnique for iderr岨叫onof proteins. 

百lem郎記sof句rptic戸別d回 fromdig回同proteinare m此:hedω血e血∞問ticalpeptid白血伽抱加se.

To iderr的rthe parent protein wi血g回即応C四百cyand∞n五den∞:，the nmnb位。fi伽 lti:fied位yptic
peptides is importa此 M創 x-部sis凶 l路町d問中世onlioniz出ontime-of-自由l1:~仏LDI-TO町 mぉs

申即位ome住yis genera1ly used in the PMF method. Howevl民江issomewhat di:fficult to analyze small 

molecules (.即金 <5∞Da)by MALDI-TOF m出 S申即位。m位y. 官邸 ISm伊rtdue ω血e伊or
10m訓 one盟clency品r血elack of high・抑制岨国tyftmctional !卯叩sandω 也epresen∞of 
m肱ix-relatedion戸法sin the low-mass range. 

Oぽ S紅斌gyisto凶eaphysi∞ーぬ回世切1property of Cωfor由ear凶ysisof small 

mol配ulesby MALDI. In the 28也可mposlWll， we r叩orted也e明曲目isof 

a凶ne-labeling問agents∞n凶ningCωm01e句r(Figure 1). C6()"<leriva也甜onof 
住ypticpeptides res叫tsinafu∞lreticalmonoisotopic mぉs-increaseof 878.07 (1)， 
883.10 (め，955.98σ)and 756.00 (め，reヰJectivel'手四回eare由reeadvantages in 

血eCω-deriv:泊zationmethod. 百le血'stis也.eincr田sed細菌itivity伺国edbyCω

moiety. 百le蹴 ondis the m部sshiftωw副 highermass range貴闘也em疏1x

1: R = C6H5• n = 3 
2: R = C6D5• n = 3 
3: R = C6H4Br. n = 3 
4・R=H. n = 0 

range. 百le也凶 isthe問l甜veqUaIl岨c組onof住yptic戸司ptid回 byusing由e Fi伊関1.

isotope-coded light (1) and h回可 (2)reagents. 百leimproved ionization 

e血ciencyof the C(j(}l泣>eled戸司ptideand血e面白田sedm出softheCωーl泣>eledanalytes including amino 

acidsand戸ptideswere demons仕獄。dusing negative ion mode. 

To demonstr蹴血eidenti:fic組onofa戸時血wl也mcre出edsensitivity and s叫U四回∞Iverage，the 

句rpticpeptid白金omcytochrome c were抑制withreagent 1. 百lenewpe北sa~e Wi邸 ob匂inedin

血emlz 1∞o ~ 2:∞o range and血e
田quen∞of也e戸北sw出 identi五ed
企omthe担問aseofせlem鎚s(Figure 2). 

h 吐1IS symposimnラ we問port血e

po加ltialuse of the Cω-deriv甜zation

me血od 品r也e iden凶cation and 

q抽出宣ωtionof proteins. 

Con百pond匝gAu仙or:N:ωkiM宅y翻

mIz M-t.m+H S問uen国

a 10♀4.31 146.24 K 

%Inl b b 1039.23 161.16 u蜘叩
.曹司 c 1138.32 260.25 NK 

d 1512.37 634.30 IFVQK 

51 a~ f d ..・ 1悶 33 町お YI附 k

j 斗
u 1000 唱唱nn 12口口 句300 1400 150白 1600 17日o 18口o1900 2000 

Figu問2.
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Mechanism of mechanochemical hydroxylation of fullerene 

OT. Kub'O， E. Matsui， H. Watanabe and M. Senna 

Faculty ofScience and Technology， Keio Universi収
3-14-1 Hiyoshi Kohoku-飢 Yokohama223・8522，Japan 

Out 'Of many p'Ossibilities t'O make fullerene (C60) water圃s'Oluble，a mechan'Ochemical route by 
milling C60 with alkali metal hydroxide seems at仕active，due t'O its simplicity and ec'Ol'Ogical 
be凶gnity.百lereacti'On is kn'Own t'O be sensitive t'O the atm'Osphere and am'Ount 'Of additives. 
Zhang et al. prep訂edfullerene hydr'Oxide (白lleren'Ol'Or C60(OH)n) by milling in air and 
adding a 加geam'Ount 'Of alkali metal hydr'Oxide [1]. K'Omatsu et al. 'On the 'Other hand， 
rep'Orted dimerizati'On 'Of fullerene by milling C60 in an inert gas atm'Osphere and adding alkali 
metal hydroxide in a catalytic quantity [2]. H'Owever， m'Ost 'Of the reacti'On mechanisms are 
still 'Open. 
We here examine the reacti'On mechanism 'Of白lleren'Olf'Ormati'On via a mechan'Ochemical 
route， by c'Omparing with kn'Own mechanisms 'Of the similar reacti'Ons via a ph'Ot'Ochemical 
route [3]， by z'O'Oming up由ef'Ormati'On and properties 'Of intermediate active species. 
Fullerene and 'One 'Ofthe hydr'Oxides 'OfLi， Na， K were mixed at the m'Olar rati'O， 1:250 with 
a vibr'O叩ill(Fritsch Vibrat'Ory Micr'O-Mill， Pulverisette 0) f'Or 5h， dispersed in water and 
filtrated. The filtrate was mixed wi血 methan'Oland吐leprecipitate was c'Ollected by 
centrifugati'On. A black p'Owdery substance was characterized by FT-IR and UV-vis spectra. 
In m'Ost 'Of the cases， we 'Obtained C60(OH)n wi也 n-valuebetween 8 and 15. Unlike the 
cases with s'Odium 'Or p'Otassium hydr'Oxide， C-H b'Ond f'Ormati'On was 'Observed in additi'On t'O 
the parallel f'Ormati'On 'Of fullerene'Ol， when we used LiOH' H20. Fr'Om ESR spec仕a， we 
c'Onfmned the participati'On 'Of the cati'On radical 'Of C60 by using p'Otωsium meth'Oxideぉ a
nucle'Ophilic reagent. ESR g-value was changed企om2.0029 t'O 2.0044. In企aredspectra 
sh'Owed additi'On 'Of meth'Oxy gr'Oup. 
We theref'Ore think the mechanism 'Of cati'On radical generati'On t'O be similar t'O the case 'Of 
ph'Ot'Ochemical pathways and this radical is a key active species f'Or the present 
mechan'Ochemical hydr'Oxylati'On. We als'O speculate the increase in the electr'On density 
ar'Ound 'Oxygen t'O ease b'Ond f'Ormati'On ωthe p'Ositively charged part 'Of the cati'On radical 'Of 
C60・

References: [1] pu Zhang， Hualong P札 DougfangLiu， Zhi-Xin Guo， Fushi Zhang， Daoben Zhu， S}叫h.
Commun. 2003， 33，2469・2474
[2] K. Komatsu， Top Curr. Chem.2005，254， 185・206
[3] A.1. Sh創nes，E. A. Karz， S. D. Goren， D. Fa也lan，S. Sh加tina，Mate. Sci. Eng. 1997， B45， 134-139 
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Effects of pressure aod temperature 00 the solubility of C70 io n-hexaoe 

OShinichi Okada， Seiji Sawamura 

Department of Applied Chemistη~ Faculty ofScience and Engineering， 

Ritsumeikan University， Kusatsu， 525-857えJapan.

We have reported that the solubility of C60 in n-hexane increases wi也increasing

pressure up to 400 MPa at 298.2 K in the preceding paper [1]. In the present study， we 

measured the solubility of C70 in n-hexane at tempera加resin the range of288.2 -318.2 

K and pressures up to 435 MPa. 

A clamp-type optical cell designed by us [2] (the light-path length is 1.0 mm) was 

used for solubility measurement. A small amount of C70 and n-hexane were put in由e

cell and then the cell was pressed.百lecell was shaken on a thermoregulated seesaw for 

a few weeks， during which the visible absorption spectra of the solution in the cell were 

repeatedly measured until the absorbance became constant. Calibration method for 

changes of the light-path length and molar absorption coefficient caused by changes in 

pressure and temperature was previously reported [3]. 

Solubility of C70 in n-hexane Was shown in Fig. 1. It increased with increasing 

pressure having a breaking point around 100 MPa at all tempera加res.The volume 

change， !1 V， accompanying the dissolution of C70 in n-hexane， was estimated to be 

-55.3土 5.3cm3 mor1瓜 0.10MPa and -10.4 ::1: 1.1 cm3 mor1瓜 400MPa using a 

thermodynamic equation of [δln X / ph= -!1 V/RT. The difference between these 
values is too large to be ascribed to the volume reduction of a solid phase of C70 by 

pressure. Interestingly the solubility圃 press町ecurve of C60 in n-hexane at 298.2 K (Fig. 

1) has a similar breaking point around 50 MPa， which is assigned to a phase transition 

between solid ph部 esuch as C60 (fcc form) and a solvate [1]. For C7o， similar phase 

transition in the solid phase may be caused 

bypress町ethough there have not been any 

other suggestive reports. 

Referenc凶:[I]S.Sawamura， et al.， Chem. P砂's.

Lett.， 299， 177 (1999). [2] S. Sawamura， et al.， J. 

Solurion Chem.， 16， 649 (1987). [3] S. Sawamura， 

et al.， J. P伽• Chem.， BI05， 2429 (2001). 
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Synthesis and Reactions of Novel Methano[60]fullerenes 

OTomoyuki Tada， Yasuhiro Ishida， and Kazuhiko Saigo 

Department 01 Chemistry and Biotechnology， The University 01ぬか0，

おかo113-8656， .Aψan 

Recently， we have reported on the synthesis of [60]fullerenoacetyl chloride 2a and 
found that 2a was a versatile precursor for the preparation ofvarious [60]fullerenoacetic acid 

esters and amides [1]. Moreover we have firstly succeeded in the synthesis of 

aminomethano[60]fullerenes 5a-e upon applying the Curtius rearrangement of acyl azides 
3a-e [2]. 
Scheme 1 : Syn的自信ofAminome的ano[1ωI]fullerenes晶 e

O O O 

iλ}三竺と f 時 nN3ふ1
1a司e 2a~ 3a毛4a~ 5a.唱

R=H"~ ~:~%ーquant. 3a : 84% 4a: 79% ~ : 88% ~c~de} 
CH3 (1b) 2b: 99% 3b : 67% 4b: 75% ~b : quant. (cru~e~ 
CH2CH3 (1c) 2c: 88% 3e : 5So/; 4c : 76% ~ : ~u~~!. ~~u~~~ 
CH2C6H5{td)2d93%3d74%4d:90%5d:quant-(crude) 
C6H5 (旬'(-' 2e: 96% 3e: 97% 4e: 77% 5e: 84% (crude) 

In order to evaluate the utility of 5a-eぉ aprec町 sorofvarious methano[60]fullerene 

derivatives， the condensation reaction with acyl chloride was investigated. As expected， the 
企eeamine， generated in situ by位ea組問ntof 5a with a base， reacted with various acyl 
chlorides to a宜ordthe corresponding amides 6 in moderate to good yields (Scheme 2). 

Moreover， we found that 5b-d， which possess an alkyl group such as methyl， ethyl， benzyl at 

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

Scheme 2 : Formation of the amides 6 from 5a Scheme 3 : Reaction of 5b-d wi的 abase

R附C∞O∞ωCα1=斗ふCαl ¥¥、、、〉巴、....-ρ、./〆〆，

R'COCI 
町ridine
DMAP 

Oゲ人Cα〉liいいM馳8飴ωeOσぴ人Cαl叩 σげ人Cαl 

5b-d 

R = CH3 (5b) 
CH2CH3 (5c) 
CH2C6H5 (5d) 

円ridine
DMAP 

Toluene 

R 

7b-d 

7b : 86% (from 4b) 
7c : 56% (from 4c) 
7d : 63% (from 4d) 

References: [1] H. Ito， T. Tada， M. Sudo， Y. Ishida，工Hinoand K. Saigo， Organic Letters， 15， 2643， (2003). 

[2] T. Tada， Y. Ishida佃 dK. Saigo， Organic Letters， to be pub1ished. 
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Recent progress of powder diffraction study of endohedral 

metallofullerene at SPring-8 

OEiji Nishibori， Ikuya Terauchi， Mぉa戸北iIshihara， Makoto Saka旬.，M邸法iTaka回，

Yasuhiro Ito， Hisashi Umemoto， Hiroe Moribe， Tak出hiInoue， Hisanori Shinohara 

Department 01 App!ied Physics， Nagoya University， Nagoya 464-8603メJapan.， .fI正lpan
めmchrotronRadiation Research Institute， 1-1・1KoutoSの0・choSの0・gun弓lOgO

679・5198.f1伊仰Japan.Toyota Central R&D Labs.，Inc.， 41-1， Aza Yokomichi， Oaza 

Nagakute， Nagakute-cho， Aichi-gun， Aichi-ken， 480-1192， .fI正lpan.， Department 01 

Chemistり~ Nagoya University， Nagoya 464-8602， Japan. 

Abstract: Endohedral metallofullerenes have attracted wide interests due to their 

characteristic structural and electronic properties. We have been developing the both 

experimental and analytical technique for synchrotron radiation powder diffraction 

study of endohedral metallofullerene at SPring-8. Over 37 kinds of powder data of 

mono-， di-and仕i-metalmetallofullerenes have been measured at SPring-8. The lattice 

constants of these materials have been determined by LeBail method. The volume of 

unit cell has been calculated丘omthe lattice constants. It is found that the volume of 

crystal is closely relating to the number of carbon atoms in白l1erenecage.百lefact 

suggests that metal-carbide encapsulation has easily been detected only仕omcell 

volume. Furthermore， the possible isomers can be selected by the value of lattice 

constants. We also found that our previous s回 cturalstudies1，2 of SC3CS2 and SC2CS4 had 

fallen into a local minimum， because SC3CS2 and SC2CS4 are metal-carbide endohedral 

m伽 110白llerene，(SC3C2)@CSO and (SC2C2)@CS2 from the volumes. 

The powder structural studies of (SC3C2)@CSO and (SC2C2)@CS2 using recent 

SPring-8 powder da胞 havebeen performed by the MEMlRietveld method. The precise 

structures including C2 encapsulations and multiple disorders of metal atoms of them 

have been determined in也lSS加dy.

References: 

1. Takata， M.， et a1.， Phys. Rev. Lett.， 1999，83，2214・2217

2. Takata， M， et a1.， Phys. Rev. Lett.， 
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Synthesis of LaNd@C72 and Fluorescence Measurement 

of Nd-metallofullerenes 

ONaomi Murata， Takeshi Kodama， Yoko Miyake， Shinzo SUZ1企i，
Koichi Kikuchi， Yohji Achiba 

Department 01 Chemistη，おかoMetropolitan University， Hachioji， 192-039スJapan

Up ωnow， fluorescence合omencapsulated Er3+ has been observed for Er2@C82 [1，2]， 

ErxSc3-xN@C80 (x=l・3) [3]， and recently (Er2C2)@C82 [4]. In contrast， no other 
metallofullerenes show fluorescence仕omencaged metals. In the previous symposium， we 
reported the synthesis and the UV-Vis-NIR absorption spectra ofNd2@C72 and Nd2C80 [5]. In 
the present work， we newly synthesized LaNd@C72 and tried to measure fluorescence of 
Nd2@C市 Nd2C80，and出emixture ofMM'@C72仰，M'=La，Nd). 
Soot containing La， Nd-metallofullerenes was produced by direct-current (60A)訂C

discharge ofLa/Nd/C composite rods (La:Nd:C=1.5:1.5:97) under a 500 toηHe atmosphere. 
Both empty fullerenes and metallofullerenes were extracted from the raw soot by refluxing 
wl由 1，2，4・凶chlorobe回 enefor 8h. The mixture of MM'@C72 were separated by multi-step 
high-performance liquid chromatography. As shown in Fig. 1， the mass spectrum of the 
mixture was well reproduced by calculation when the mixing ratio of La2@C市 LaNd@C72，
and Nd2@C72 is 1:3:1.5. 
Nd2@C払 Nd2C80佃 d血emixture of MM'@C72 were dissolved in a mixture of cis 

組 dtrans decalins (decahydro-naphtalene) and measured fluorescence wi血 theexcitation 
wavelength of 633 nm. At room temperature， no fluorescence was observed for all the 
samples. At 77 K， only血emixture of MM'@C72 showed the quite weak emission around 
1100 nm. These results imply only LaNd@C72 show the fluorescence. To con:firm it， we plan 
ωmeasure fluorescence by ano白erexcitation wavelength. 

This study was partly supported by Industrial Technology Research Grant Program企omNew
Energy and Indus仕ialTechnology Development Organization (NEDO) of Japan. 
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Fig. 1 Positive'ion mass spectrum of the MM'@C72 sample after HPLC separation: 
(a) observed and (b) calculated isotropic distributions for MM'@C72・

[1] X. Ding et al.， Chem. P身'S.Lett.， 269，72(1997). 

[2] R. M. Macfarlane et al.， Phys. Rev. Lett.， 79， 1397(1997). 
[3] R. M. Macfarlane et al.， Phys. Rev. Lett.， 343， 229(2001). 
[4] Y. Ito et al.， 1ちe2cjh Fullerene-Nanotubes General砂mposium，98(2005). 

[5] N. Mぽataet al.， The 2cjh Fullerene-Nanotub回 General砂mposium，168(2005). 
Corresponding Author: Takeshi Kodama 
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Reactivity of La2@C7S toward 2・admantane-2，3・・diazirine:structure 
determination of monoadduct La2@C7S(Ad) (町

OBaopeng Cao， I Tsukasa Nakahodo， I Takatsugu Wakahara， I Takahiro Tsuchiya， I Kaoru 
KObayashi，2 Shigeru Nagase，2 and Takeshi Akasakal* 

1 Center for Tsukuba Advanced Research Alliance， Universi砂ofTsukuba，Tsukuba 
305・857えJapan

2Depar帥zentof theoretical Molecular Science， Institute for Molecular Science， Okazaki 
444-8585， Japan 

It is well known that the reactivities and electronic properties of an empty fullerene 
could be modified upon incorporation of a metallic guest species， which awards plentiful， 
various materials with novel properties and potential application perspectives associated 
with the incarcerated metal.l Based on these modified reactivities， functionalization of 
metallofullerenes could further afford some new derivatives白紙 bearspecial 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 白lfilled
either by disylilation of this molecule with 1，1，2，2・tetrakis-(2，4，6・trimethylphenyl)
四1，2-disiliraneor through [2+3] cyclo・additionof an N-trityloxazolidinone to it? So far， 
howeve巳 investigationson reactivities of metallofullerenes are focused on the most 
abundant species， La@C82， La2@CSO， and M3N@C80; rare attention has been given to those 
with smaller cages because of their scarcity. Recently， benefiting企oma newly developed 
separation method， we have isolated a new metallofullerene， La2@C78， with enough 
quantity for spectroscopic characterization.3 UV-vis-NIR absorption and CV measurement 
on La2@C78 have revealed that its electronic structure as well as chemical reactivity toward 
di・siliraneare quite varied企omthose of C78・百lespeci日csthat La2@C78 presents are not 
limited on these -it is found白紙 La2@C78is distinct企omSC3N@C78 in electronic 
structure though口CNMR and theoretical approaches toward the s位協同redetermination 
of La2@C78 and SC3N@C78 have disclosed that the two metallofi此 renesnot only possess 
exactly the same C78-cage but also bear an identical intramolecular electron transfer. All 
these novelties that La2@C78 exhibits drive us toward an in-depth structural elucidation on 
the location ofthe two encapsulated La-atoms. Functionalization ofmetallofullerene with a 
diazirine has been demonstrated to be an e宜icientway for grow血ofa single crystal toward 
a final solution of the metalloful1erene's structure.4 Here we report the thermal and 
photochemical reactivities of La2@C78 toward 2・admantane・2，3・diazirine.We found th瓜
由ethermal and photochemical reactivities of La2@C78 with this diazirine訂equite 
di自己rent-the thermal reaction yields many monoadduct-isomers without regioselectivity 
whereas the photochemical one is regioselective and generates only two mo 
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Radical Reaction of La⑧C82 in Toluene 
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ー J正lpan，2 Department of Chemistη，おか'0Gakugei Universi収Koganei184-8501， Japan， 
Departmmt qfchemistη¥ Josai University， Sakado， Saitama 350-0295， Jc伊αn，4 Department 
ofTheoretical Molecular Science， Institute for Molecular Science， Okazaki， Aichi 444-8585， 

Japαn 

Endohedral metallofullerenes have attracted considerable interest for their potential 

applications as nano-scale elec仕onicdevices on the basis of their spherical structure with 

unique properties.1 La@C82 has been recognized as a proωtype of endohedral 

metallo白llerenes. An important抑制ofthechemi紺yof La@C82 is its reactivity towards 

企'eeradicals on a fullerene cage. P. J. Krusic et al. have first reported the radical reaction of 

C60・2In comparison of reactivi旬ofC60， La@C82 shows higher reactivity owing to narrower 

HOMO-LUMO gap than that of C60・

We report here the reaction of La@C82 wi由 benzylradical to afford the corresponding 

stable adducts (La@C82-CH2C6Hs). Three isomers of La@C82・CH2C6Hswere isolated企om

the reaction mixture by HPLC. All of them are EPR inactive indicating their closed-shell 

electronic structures.百lelH and 13C NMR spec仕ashow the peaks corresponded to the 

introduced benzyl group. Cyclic and differential pulse voltammograms reveal their 

characteristic redox potentials. 

References 

1. For a recent review， see: End.ゆllerenes:A New Family 01 Carbon Clusters; Ak制ka， T.; Nagase， S.， Eds; 
Kluwer Academic Publishers: Dordrecht，百leNetherlands， 2002. 

2. P. J. Krusic， E. Wasserman， P. N. Keizer， J. R. Morton and K. F. Preston， Science， 1991，254， 1183. 
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Structure and Properties of pure H2⑧C60 

o Misaho Akada1， Katsumi Tanigaki1，2， Yasujiro Murata3， Koichi Komatsu3， 
Toru Kakiuchi4， Hiroshi Sawa4 

1 Graduate School of Science， Tohoku Universi肌 Sendai，980-8578， J.ψan: 2CREST， 
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Research， めJotoUniversity， 巧i，Kyoto 611-0011， J.αrpan: 4Institute of Materials 

Structure Science， High Energy Accelerator Research Organizαtion， Tsukuba， 305-0801， 

Japan 

A molecular surgery technique in fullerenes has successfully produced a sufficient 

amount of a new hydrogen-molecule endohedral C60 molecule [1] for studying solid 

state properties. One of the important applications could be for survey of the mechanism 

of superconductivity in C60 fullerides. In the course of the studied in 1990's after the 

discovery of superconductivity in alkali C60 白llerides，the superconductivity 

mechanism of these 伽nilyhas been understood in the framework of phonon-mediated 

BCS formalism and the superconducting critical temperature Tc has been predominantly 

controlled by the density of state N(EF)剖 theFermi level. However， the phonons 

importantly involved to make paired electrons are not confidentially discussed and the 

answer to the question as to what kind of phonons， intra-phonons (molecular vibrations) 

or inter聞phonons(lattice phonons)， make the greater coupling with conduction electrons 

still remains to be answered. One of the good ideas will be to change the intra-and the 

inter-phonons to a large extent without disturbing the 

electronic states to a large extent. We have demonstrated 

出ata new H2@C60 gives rise to a pronounced inf1uence 

on phonons in its solid states as wel1 as T c of its 

superconducting K3H2@C60 compound compared to出at

in C60 [2]. This was in a similar tendency to that 

reported for Ar@C60 [3]. In this meeting， we present the 

experiments of structure and properties performed using 

newly prepared high purity H2@C60・

[1] Koichi Komatsu， Michihisa Murata and Yasujiro Murata: Science， 307 (2005) 238-240 
[2] Misaho Akada et. al.， The 29th Fullerene-Nanotubes General S戸nposium，2-11 (2005) 

[3] S. Ito， H. Takagi et al.， The 27th Fullerene. Nanotubes General Symposium， 3・9(2004) 
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Tel&Fax: +8別1ト.之22-795-ゐ6468/件+8別lト-22-795-6470
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Structure ofFullerene Nanowhiskers (皿)

o Satoru Tsuchida ， Satoru Motohashi and Hironori Ogata 
Dept. of Materials Chemis句，Hosei University 

3-7-2 Kajino cho， Koganei， To勾ro，184-8584.Japan

The crystal structure and the nature of the molecular motion in C70 n組 owhisker(C70-NW)

were investigated by powder x-ray diffraction(XRD)， solid-state 13C cross-polarization magic 

angle spinning (CPIMAS) NMR and wideline 13C_ or lH・NMRtechniques. The temperature 

dependence of spin-lattice rtelaxation time(T1) are shown in Fig.l.百leactivation energy(Ea) 

of C70 molecules is evaluated to be 13.7 kJ/mol， which is slightly smaller than也atof C70 

solid(Ea=22kJ/mol). This fact suggests that C70 molecules in C70・NWare more loosely 

packed than those in C70 solid. No clear evidence of first-order phase transition is observed 

企om297 K to 170 K. Figure 2 shows wideline lH-NMR spectra ofC7o・NWs部 afunction of 

temperature. Two peaks observed at 8 and 2 ppm at 283 K are attributed to the methane and 

methyl group on the isopropyl alcohol， respectively. This fact shows that isopropyl alcohol 

molecules are included in C70剖Wcrystal. Detailed results on血eXRD measurements and 

13C_ and lH-NMR will be presented in the conference. 

Figure 1. Figure 2. 
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Fig 1.( a) Temperature dependence of 13C司 T1ofC70・NWs..

Fi思rre2. Temperature dependence of wideline 1 H帽NMRspectrum for C70・NW
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Synthesis and structural investigation of fulleroid nanowhiskers 
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Department 01 Material Chemisめ~ Hosei University 
Kajino-ch03-7-2， Koganei， Tokyo 184-8584， Japan 

Since the discovery of C60 nanowhisker [1]， several kinds of nanowhiskers such as 
C70， C60[C(COOC2Hs)2] et a1. were fabricated by 1iquid-liquid interfacial precipitation 
(LLIP) method [2，3]. In this study， we present the results of the synthesis and 
structural investigation of several kinds of fulleroid nanowhiskers. 
For synthesis of出efulleroid nanowhiskers， the saturated toluene solution of 
4，4' -dimethoxydiphenylfulleroid(C61(C6~OCH3h) purified by HPLC w部 prep紅edand 
pored into a glass bottle. Then isopropyl alcohol was added into the bottle to form a 
liquid-liquid interface. The bottle was capped and kept in the re企igeratorfor 2 weeks at 

5
0

C， under illumination of a fluorescent lamp. The particles precipitated 企omthe 
liquid-liquid interface were obtained. Fig.1 shows an optical microscope image of 
obtained sample. Needle-like crystals (nanowhiskers) were observed. 
To determine the crystal structure of the sample， powder x-ray di自I'action
measurement were carried out using the synchrotron radiation source at BL・1Bofthe 
KEK. Fig.2 shows the x-ray diffraction pattems of C61(C6~OCH3)2 nanowhisker at 
room tempera加re.The profile of C61(C6HtOCH3)2 nanowhisker can be assigned to 
monoclinic structure with a=14.16A，b=10.21 A，c=14.00A， s =104.690 • 

Detailed results of the structure of C61(C6HtOCH3h nanowhisker and the other 
fulleroid nanowhiskers will be discussed at the meeting. 

Fig.1 Optical microscope image of 

C61(C6HtOCH3)2 nanowhisker 
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Fig.2 X-ray di缶actionprofile for 

C61(C6~OCH3)2 nanowhisker (λ=l.OA) 

Reference 
[ド凹1円]K
[2勾]K.Mi勿ya位zawaeta札1.，J.Am. Cera刀am肌?η飢l.Soc.，85， 1297 (2002) 
[3]K.Miyazawa et a1.， J.Mater.Res.， 18， 2730 (2003) 
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Photo-carrier generation and its transport process 

in pristine C60 single crystals 

oRyota Tanaka， lkuko Akimoto and Ken-ichi Kan'no 

Graduate Schoo/ of Systems Engineering， Wakayama University 

Aiming to understanding the whole relaxation processes following optical 

excitation in C60 crystals， we have investigated the carrier generation mechanism in 

connection with the photoluminescence process. From past studies， it has become 

clear that the carrier generation originates from thermal dissociation of Frenkel 

exciton[ll， and luminescence from localized exciton is enhanced by capturing the 
Frenkel exciton to the localized state[2l. ln the present report， to confirm 

anti-correlation between the carrier generation and the luminescence process[3l， we 

measured photocurrent and photoluminescence in one and the same crystal. The 

photocurrent was measured by Time-of-Flight method， and the photoluminescence 

through ITO electrodes and mica thin films was observed by a microspectroscopy 

method. 

ln figure 1， temperature dependence of photocurrent and photoluminescence 

intensities are shown by Arrhenius plot. ln the range higher than 100K where the 

photocurrent becomes observable， the luminescence originates from radiative decay 

of localized exciton. The thermally activated behavior of the photocurrent exhibits 

anti-correlation to quenching of the photoluminescence. This relation is interpreted 

by that enhancement of carrier generation directly leads reduction of luminescence 

intensity. They can fit with the same activation energy of 99meV by assuming 

thermal activated population transfers from the Frenkel exciton (solid lines in Fig.l). 

The estimated activation energy suggests that the localized state， which exist below 

120meV from the Frenkel exciton state， doesn't contribute to the carrier generation. 

(
.
3
田
)
h
t
由

E
Oザ
E
一
司
由
古
川
」
白

ω
一-c-Ja

ー---t・，

O O 

T erT1lElratu陪(附
150 100 

O開制umln蝿閣時
E>cc.:l蝿巴，V(632.8nm)

.向。2岡市町t
Ek.:1.85eV(1町伽m)
E:9除nr.m

• 

300 200 
市工T
100 

田

幸
田

三1σ1
g 
c.. 

z 

On the other hand， obtained time response of 

photocurrent is of “dispersive-type" ， and almost 

decays as t-a (α'""'-' 1). Such response 

method has been attributed to 

dispersion of drift carriers. 

TOF 

anomalous 

m 

Carrier transport in 

C60 crystals seems to obey a hopping process， and 

the obtained response suggests the existence of 

continuous distribution of hopping sites in barrier • height and distance. 
[l]K.Kan'no ， R.Tanaka ， T.Koyanagi and I.Akimoto 
AIP Conf. Proceedings 786 (2005) 46 
[211.AMInoto，K.karfno Fig.1:Temperature dependence of 
1.phys.socJpn.71(2002)630 Photocurrent(・)and photo-
[3]R.Tanaka，I.AMInoto，K.kaIfno 11IminesCEnce(0) 
Abstract of the 28th Fullerene-Nanotubes General Symposium 2P-40 (2005) 
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1 Graduate School ofScience and Technology， Chiba University， 1-33 }匂loi-cho，
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2 Department of Electronics and Mechanical Engineering， Chiba University 
3Ichikawa Research Laboratory，SumitomoMetal MiningCo.Ltd.， 3-18-5 Nakakοkubunn， 

Ichi知事il仏 Chiba272-8588， Japan 

A new type of C60 needle， or“nano・whisker"，has been obtained by the liquid-liquid 
interfacia1 precipitation (LLIP) method [1]. Typica1 C60 nano・whiskersthat we obtain by LLIP 
are typically less than 0.3凹nin diameter and more由an50μmin length (Fig. 1 ).In this work， 
we have fabricated C6ωOnano-哨.

electrica1 properties， as well as performing structural characterization by x-ray difIraction， 
AFM， and transmission electron microscopy (TEM). 
For fabricating the C60 NW-FET device structure in our study， we have used a Si wafer出
the substrate， with a吐lermally-grownSi02 insulating top layer. TiI Au source and drain 
electrodes were fabricated on the surface of Si02 layer. Roughly fifty C60 nano・whiskersor a 

C60 nano-whisker were then used to bridge the elec仕'Odesand the fabricated device was 

annealed at 440 K under 1 x 10-6 Torr for about 24 ho町s.

Transistors curves for the C60 NW-FET are shown at various gate voltages in Fig. 2. From 

this data， we conclude that血eC60 NW-FET is of n-channel enhancement-type FET， and 
according to s阻nd訂dFET theory， the carrier mobility of血isCωNW-FET can be roughly 
estimated to be 2X 10-2 cm2 V-1S-1 under vacuum conditions at room temperature.The details 

of the electrica1 properties and structural characterization will be shown at the symposium. 
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by electrochemis句， and their magnetism 
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2Ad坊iOUniversity，1-501 Shiogamaguchi， Nagoya，468-8502，Japan 
SORST-JST，NEC Corporation，34 Miyukigaoka，Tukuba，305-8501，Japan 

Deposition of Pt・.nanopartic1eson the nanohom-aggregates was carried out by the 
electrochemistry. Samples were prepared by the following way: First， we dropped acetone 
liquid onto the nanohom-aggregates and made nanohom-paste. Then we patched this 

nanohom-paste onto the Pt mesh as an electrode and dried the acetone. This nanohom 

patched Pt mesh was soaked in the aqueous solution of H2PtC16・6H20(0.0023 atomic %) and 
the voltage of -1.4 V was applied to出eelec仕ode. Figure la is the electron micrograph 
taken for the sample with the electrochemis句rduration of 5 hours. Figure 1 b is the size 
distribution of the Pt-nanopartic1es attached on the nanohoms. From this figure， we can find 
the mean size of the partic1e is ~6.2 nm with FWHM of -5.0 nm. According to the 
experiment of the reaction time dependence on the partic1e size， it was found白紙 themean 
size of the partic1es is increased with increasing the reaction time， but the number of partic1es 
on each nanohom did not change remarkably. 
Magnetism of Pt deposited nanohom partic1es was also measured by SQUID susceptometer. 
Figure 2 shows the results of the temperature dependent magnetism. In this figure， we can 
see the magnetism associated with the Curie spin for the sample of pristine nanohom partic1es 
and the magnitude of this Curie tail was decreased as the reaction time increased. This 
experimental fact c1early indicates that the spin concentration of nanohoms is decreased by 
the reaction， which may indicate白紙 thePt-nanopartic1es can be attached on the site where 
the radical spin exists. Detail of the analyses wi11 be presented in the poster. 

10 12 14 

Diameter [ nm 1 

Fig.l. Elec甘on micrograph and size distribution of 
Pt・.nanoparicles.TEM image企omthe sample with the 
electrochemis位yduration of 5 hours is shown in (a). Black 
smal1 particles attached on仕lenanohoms are Pt nanoparticles 
and thier size distribution is in (b). 
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Simulation of high-energy ion/atom impact on nano圃carbons:

Electronic shake up and structural change 

OYoshiyuki Miyamoto， Arkady Krasheninnikoい，David Tomanek付
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We are exploring fe出ibi1i旬 ofstructural modification of nano・carbonsby irradiations 

of ions. For achieving well-designed s仕uc旬res，precise understanding of the atomic 

scale dynamics and阿国ngof irradiation-condition are high1y demanded. 

In most cases of experiment， irradiation is performed wi血kineticenergy in the order 

of Ke V or 100 e V. In such energy region， an irradiated ion is expected not on1y to hit 

atoms but a1so to shake up e1ectronic system. In cases where a high-energy H atom 

p出 sesthrough or runs para11e1 to a graphene sheet， we have found significant stopping 

effect on the H atom due to 'shake-up' effect in e1ectronic systems. This ‘shake-up' can 

be monitored by the time-dependent density functiona1 theory (TDDFT) approach [1] 

coupled with molecular dynamics (MD) simulation with use of computer code FPSEID 

(First-Principles Simulation tool for Electron Ion Dynamics) [2]. Meanwhile， 

conventional ab-initio MD method based on the static electronic-structure calculation 

cannot reproduce such ‘shake-up' effect， and thus is not suitable for simulating the 

high・energycollisions. 

Furthermore， we will discuss whether such ‘shake-up' effect in e1ectronic system is 

also the case in lower energy H-col1ision on graphene sheets and thin-nanotubes. 

This work is supported by NAREGI Nanoscience Pr，吋ect，Mi国stryof Education， 

Culture， Sports， Science and Technology， Japan. 
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Tailored Synthesis of Double Walled Carbon Nanotubes by Super-Growth 
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Science and Technology (AIS刀， 1-1-1 Higashi， Tsukuba， lbaraki 305-8565， Japan 
2Japan Science and Technology Agency， 34 M初lkigaoka，Tsukuba， lbaraki 305-8501， Japan 
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Double-walled carbon nanotubes (DWNT) can be considered as a blend s加 C加reof 
single-walled (SWNT) and multi-walled carbon nanotube (MWNT) in白瓜 theypossess the 
e1ectrical and thermal stability of MWNTs but also the flexibility of SWNTs. The superior 
physical characteristics and field emission properties ofDWNTs are expected to open exciting 
opportunities for applications such as field emission displays and super-tough fibers. 
百leuse and availability of DWNTs have been significantly limited because of the lack of 
techniques and knowledge that could realize selective growth. In addition， the low e百iciency
ofDWNT synthesis has limited not only the availability ofDWNTs but also the purity ofthe 
as-grown material， necessitating chemical purification to remove impurities. 
In this presentation， we will show how one can tailor the catalysts to achieve high and 
maximized selective growth of DWNTs. First， a phase diagram of the re1ative population of 
SWNT， DWNT， and MWNT vs. the tube diameter grown企omFe血infilms as a catalyst was 
constructed from hundreds of TEM images. Second， we found that the average tube diameter 
is roughly proportional to the thickness ofthe Fe thin film ca旬lyst.Combined with the phase 
diagram， we arrive at a direct way to engineer the relative proportion of SWNTs， DWNTs， and 
MWNTs by tailoring the catalyst thickness. More importantly， we can find exactly the 
optimum catalyst thickness to maximize the proportion of DWNTs. 0町 bestresult is 85% 
DWNTs in the as-grown material， representing one of the highest， if not the highest， reported 
selectivity towards DWNT s戸lthesis.Furthermore， our abi1ity to tailor the catalyst for 
selective growth ofDWNTs when combined with water-assisted synthesis (super.幽growth[1]) 
we can synthesize DWNTs materials that possess白scinatingcharacteristics， such出
lmp凶 ty-丘eevertically-aligned forests on the millimeter scale th瓜 canbe pattemed into 
macroscopic org伯 zedstructures. We be1ieve our resu1ts represent a significant step fo阿佐d
m由eDWNT field concurrently addressing critical issues， such as engineered selectivity， 
highly efficient growth， impurity・freematerial， and the realization of organized macroscopic 
structures. Furthermore， we anticipate that our current work will stimulate further efforts to 
deepen our understanding regarding this unique material. 

[1] K. Hata， D. N. Futaba， K. Mizuno， T. Namai， M. Yum町a，S. Iij泊la，Science， 306， 1362 (2004). 
Corresponding Author: Kenji Hata 
E-mail: kenji・hata@aist.go.jp
Tel: +81・29・861・5080ext 46763， Fax: +81-29.・861-4851

-116-



2P-21 
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Co and Mo are often used as catalysts for the catalytic chemical vapor 

deposition (CCVD) s卵白esisof single-walled carbon nanotubes (SWNTs) on a 

subs佐ate. We succeeded in s戸血esizingrandom， vertical and paralle1 aligned SWNTs 

on Co and Mo dip-coated quartz substrates from carbon monoxide (COCCVD) in 2004. 

But we need more detailed knowledge concerning the in:fluence of the Co/Mo ratio on 

血eSWNT synthesis for mass production and application to optical or e1ectro国cdevices. 

In血isstudy， it was evaluated by the combinatorial method [1]， using a library (silicon 

substrate with oxide layer) of sputter-deposited Co and Mo pattems. 

COCCVD was done at 800
0

C at 1atm using hydrogen / carbon monoxide (500/ 

500 sccm) with the library and restricted SWNT fonnation region was confinned by 

HRSEM observation and micro Raman spectroscopic analysis (Fig.1). For the 

comparison CCVD from ethanol (ACCVD) was done at 800
0

C at 12 torr. It resulted 

that出eCo/Mo ratio for SWNT fonnation was large in the order of COCCVD， ACCVD 

and CoMoCAT [2] (Fig.2). 0 Mo po~~on [mm] 
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Fig.2 SWNT fonnation Region 
[1] S. Noda， et al.， Appl. Phys. Lett.， 86 (2005)173106. 

侃 121∞糊 1旬。
R劃nanS同社肺ト1)

Fig.1 R但nanSpectrum from COCCVD 

[2] J .E.Herrera et al.， J. Catalysis 204 (2∞1)， 129. 
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Purification ofDouble Wall Carbon Nanotubes by Dispersion 
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The purification of double wa11 carbon nanotubes (DWNTs) has revea1ed the 
importance of layer interaction and potentia1 of DWNTs for various applications [1]. 
The purification with high temperature air oxidation， however， has difficulties on yields 
and selectivity. Recently， we have improved the method with a dispersion technique to 
achieve higher selectivity and yield [2]. Here， we have clarified the dispersion effect 
and achieved higher yield with H202 for low tempera旬remild oxidation. 
DWNTs synthesized by the pulsed arc discharge method [1] were dispersed into 
sodium dodecyl sulfate (SDS) solution by sonication. The solution was mixed with 
excess of fumed silica and was dried to powder. This powder was refluxed剖 120oC in 
H202 for a day to remove SWNTs. The purified DWNTs were obtained丘'Omthe 
powder after elimination of meta1 particles with HCl and of silica wi血saturatedNaOH 
solution.百lesame procedure without dispersion was carried out with as grown crude 
S出nples.
Figure 1 shows the Raman spectra of the 
samples purified wi由 dispersion(bold) and 

Excited : 633 nm 

without dispersion (d部h).The relative intensity ~ 
between the peak around 150・170cm-1 of b 
SWNTs and側副 214cm-1 of DWNTs is言
clearly enhanced by disp町Sion-Theseresults z 
are confirmed with TEM observation. Thin 
bundles are dominant in the dispersed sample 
while thick ones are in the non-dispersed sample. 

100 
Figure 2 shows a TEM image of purified 

150 200 250 
Ram組 Shift/cm・1

Fig.l RBM of purified soot 
DWNTs with dispersion and reflux with H202 at 
120 oC for 3 days. The purity is about 95 % 
and yields are enhanced by severa1 times 
compared to that of air oxidation. These results 
clearly show that the dispersion is the key 
process to p町i今 DWNTsand that reflux in 
H202 is effective to purify DWNTs as well as 
SWNTs， which has been common1y used. 

[1] T. Sugai et al.， Nano Lett. (Comm.)， 3， 769 (2003) 
[2] T. Sugai et al.， 29抽 F&NTsymposium，3・5(2005) 
Corresponding Author : Hisanori Shinohara 
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Synthesis of single-wall carbon nanotubes by alcohol CCVD methods 
using mesoporous silica with different pore size 

OYuya Izumi and Hironori Ogata 
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The alcohol catalyst chemical vapor deposition(ACCVD) method have been 

reported as one of the simplest synthesis methods of single-walled carbon 

nanotubes (SWNTs)[ll. Many ofthe support materials to synthesize SWNTs 
reported are zeolite. It is well known that MCM-41 have a regular mesopore 

system， in which the pore diameter is controlled systematically between 2・lOnm.

We report here the synthesis of SWNTs by ACCVD methods with metal catalysts 

supported with high temperature stable mesoporous silica by surfactant-directed 

sol-gel method [2] to clari今therelation between pore size and the diameter of the 

resultant SWNTs obtained. The obtained samples were analyzed by using 

transmission electron microscopy (TEM). 

Figure 1 shows the TEM image of the 

sample with Fe/Co catalysts with 

mesoporous silica (surfactant: 

C16TMABr， pore size:3 nm) with the 

reaction temperature at 800
o
C. 

Bundles of SWNTs are observed. 

Average diameter of SWNTs is 

evaluated to be about lnm. However， 

SWNTs of a diameter of 2.8nm are also 

observed. 

Detailed results using another 

mesoporous silica with di宜erentpore 

size will be presented. 

Fig.l TEM image ofSWNTs(C16TMABr) 

[1] S.Maruyama， R. Kojima， Y.miyauchi， S.Chiashi，M.Kohno，Chem.Phys.Lett.・360，229包002)

[2] M.Grun ， Klaus.K.Unger ，A.Matsumoto ， K.Tsutsumi ， Micro.Meso.Mater..27，207(999) 
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Dispersion and Separation of Small Diameter Single-Walled Carbon 

Nanotubes 
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Science， Institute for Molecular Science， Okazaki 444・8585，Japan 

Single-walled carbon nanotubes (SWNTs) have excellent mechanical and elec凶cal
properties that have led to the proposal of many potential applications. However， 
SWNTs町etypically grown as the bundles of metallic and semiconducting tubes and 
this hinders their widespread applications. Since there is no method for selective 
preparation of metallic and semiconducting SWNTs， it is technologically critical to 
sep紅剖eSWNTs based on electrical properties. 
Recently， an e民ctiveexfoliation method of SWNTs泊organicsolvents with amine as 
a dispersion reagents [1] and a convenient amine-assisted separation method for SWNTs 
由atmakes metallic SWNTs remarkably enriched in a simple way [2] have been 
developed. We herein report the dispersion and separation of small diameter SWNTs by 
amine-assisted method. 
A typical dispersion procedure is as follows: lmg of AP-SWNTs (CoMoCAT) were 
added to 10 mL ofa 1.0 M旬仕油ydro白ran(THF) solution of amine and then sonicated 
followed by centrifugation to remove non-dispersible SWNTs.百世sdispersion and 
cen住ifugationprocess is useful for separation of small diameter SWNTs by means of 
Vis幽NIR，photoluminescence， and Raman spectroscopy. 

[1] Maeda， Y. et al.， J. P砂's.Chem. B 2004，108， 18395. 
[2] Maeda， Y. et al.， J. Am. Chem. Soc. 2005， 127， 10287. 
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catalytic decomposition of alcohol 
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To produce high quality single-walled carbon nanotubes (SWNTs) with chemical vapor 

deposition (CVD) synthesis approach， choice of alcohol over other hydrocarbons is important 
due to its low cost，脳出 purityand high efficiency， even at low temperatures [1]. In our 
alcohol CVD experiments， Co and Mo bimeta1lic cata1ysts wi由andwithout Al under1ayer are 
prep訂edby vacuum deposition. Three kinds of cata1ysts/substrates i.e.， (1) SilSi02 (100 
nm)/Co (1 nm)/Mo (1 nm)， (2) Si/Al (10 nm)/Si02 (100 nm)/Co (1 nm)/Mo (1 nm)， and (3) 
SilSi02 (100 nm)/Coοnm)/Mo (1 nm) were examined. Figures 1 (a)ー(c)show SEM images 

a白erCVD process (alcohol pressure 10 To民 tempera加re750 oc， and duration 60 min) for 
above substrates， respectively. Comparison between Fig. la and Fig. lb reveals that血e

introduction of Al increases SWNTs' yie1d. In Fig. lc， where Co thickness is twice筒 that
of subs仕ate(1)， the yield of SWNTs is reduced. 百世sreduction maybe is due to the large 
size of catalysts. Atomic force microscope (AFM) images of the substrates (1) and (2) heated 

at 750 Oc in vacuum before CVD are shown respective1y in Figs. 2a and 2b， in which 
different particle sizes are observed. We由inkthe observed large particle size in Fig. 2b is 

企omAl partic1e aggregation.明尽lenthe substrate are heated to high temperature， the Allayer 
melts and forms droplets which absorb仕om由eSi02 layer and oxidize quickly to form 

thermally stable Ah03 clusters. These in turn provide the support for the formation of 

ca泊lystsnano・p紅ticlesand promo旬 SWNTsgrowth [2]. R田nanspectra are also measured 

and SWNTs are identified 企omtheir RBM peaks， with diameters changing企om1.20・1.30
nm， which is consistent with TEM characterizations. 

Fig. 1 a-c Fig.2 a-b 

Scanb釘 is500 nm Images size: 1 11m X 1 11m 

[IJ Shigl∞Maruy組IIIet a1.，αlem.Pゆ.Lett. 3ωοα)2)229. [2Jぬ曲、r.zt四19et a1.， Nano Lett. 3 (2∞'3)ηl 
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Supported Ni catalysts of nominal submonolayers grew single-walled 

carbon nanotubes. 
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Fe， Co， and Ni is known catalytically e能 ctiveto grow carbon nanotubes 

(CNTs). However， when Ni is supported on substrates， it comes to yield just 

multi幽walledCNTs (MWNTs) but not single-walled CNTs (SWNTs).百1Ischaracteristic 

may be understood when we consider the possible surface diffusion of metals at血e

elevated tempera加resof chemical vapor deposition (CVD). Over oxide surfaces such as 

Si02， which are 0白enused as supports for these metals， oxidative interaction dominates 

the metal/support interaction， which a能 ctsisland structures and sur白cediffusion of 

metals [1]. Because Ni has the smallest heat of oxidation among these metals， it can 

easily diffuse over oxide surfaces at the CVD temperatures， and possibly results into 

particles too large to grow SWNTs. 

If the amount of Ni is limited to 1 nm3 per the area of surface di血lsion，it 

should spontaneously form l-nm-sized particles. By using our combinatorial method [2]， 

we prepared a thickness profile ofNi on a Si02/Si or Si02 wafer and carried out alcohol 

catalytic CVD (ACCVD， [3]) at 800 oC. Micro-Raman spectra as well as filed-emission 

scanning e1ectron microscope (FE-SEM) images showed the formation of SWNTs and 

nominal submonolayers was optimal to grow SWNTs. 

[1] M. Hu， S. Noda， and H. Komiyama， Surf. Sci. 513，530 (2002). 

[巧S.Noda， Y. Ts吋i，Y. Murakami， and S. Mar可制a，Appl. Phys. Lett. 86， 173106 (2005). 

[3] S. M紅uyama，R. Kojima， Y. Miyauchi， S. Chiashi，組dM. Kohno， Chem. Phys. Lett. 360， 229 (2002). 
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RhlPd -Carbon Composite Rods in Nitrogen Atmosphere 

oNobuyuki Asai1， Shinzo S田味i1，Hiromichi Kataura2， and Yo同iAchiba1

1 Department 01 Chemis的1，おかoMet1旬。litanUniversity， Tokyo 192・0397，Japan 
2Nanotechnology Research lnstitute， National1nstitute 01 Advanced lndustrial 8cience and 
Technologyμ18刀，Cenか'aI4，Hig，ωhi 1-1-1， Tsukuba， lbaraki 305-8562， J.ψ仰

The diameter dis住ibutionof single-wall carbon nanotubes (SWNTs) prepared by laser 

vaporization technique strongly depends on the kind of metal catalyst and the ambient 

temperature. A characteristic example is， those prepared with Rh!Pιcarbon composite rods in 

Ar 伊 atmosphereat lower ambient temperature (1200oC or less) [1]. They show the smaller 

diameter distribution (less由組 1nm)， almost comparable to that of C60 or other higher 

fullerenes. On the other hand， the yield of SWNTs prepぽedby laser vaporization in nitrogen 

gas atmosphere becomes higher than those prepared in Ar gas atmosphere [2]. It is interesting 

to see whether the diameter distribution of SWNTs and/or the yields of co・prep紅edempty 

higher fullerenes become different from those obtained in Ar gas atmosphere. 

In this presentation， Rh!Pd(1.2/1.2atom%)-carbon 
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脚composite rods were used for血epreparation of S 

SWNTs by applying laser向macetec凶 quem 宮
N2 750 torr， 11500C 

m仕ogeng出 a加losphere.Fig. 1 shows a Raman .舎
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百leanalysis of empty higher fullerenes co・prepared

with SWNTs is also presented and used for 白rther

discussion. 
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Figure 1. 
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606-8585，Japan 

2Wakayama University， 防 kayama640・・8510，Japan 

To obtain single-walled carbon nanotubes (SWNTs) with controlled chirality is of much 

importance to realize electronic devices based on them. In the case of chemical vapor 

deposition (CVD)，由esize of catalytic pぽticleis an import姐 tfactor in contro11ing the 

diameter of SWNTs [1]. Earlier reports claimed血atbimetallic catalysts like Co-Fe [2] and 

Co-Mo [3] tended to form small particles s回世larto the diameter of SWNTs in comparison 

with single element catalysts. 

We focused on the role of bimetallic catalytic particles after reduction in CVD process. 

Transmission electron microscopy observations were performed to compare the particles 

sizes formed by bimetal1ic catalysts Co-Fe with these by single elemental catalysts Co or Fe 

on Si/Si02 substrates and Si02 powders.官le

figure shows the size dis凶butionsof catalytic 

particles. We confIrmed白紙 bimetal1icCo-Fe 

cata1ysts system tended to form smaller particles 

than single elements (Co) catalysts. In addition， 

after CVD process， the quantity of SWNTs was 

lager using the bimetallic system. In the case of 

the growth of SWNTs on Si/Si02 substrates using 

Co-Fe catalysts，由inlayer formed by Fe between 

small Co particles and Si02 after reduction. We 

propose a model as follows: Fe particles diffuse 

into Si02 layer and forme the layer contained Fe. 

語 審 望書( 君事 書事 君事 器量 護審 議器

FT棋鰍糊{帯。;

Figure: Size distributions of bimetallic 

Co. Fe and single element (Co) catalysts 

on Si02 powder after reduction. 

百lelayer prevented Co仕omaggregating into large particles and仕omalloying Co silicide 

which is inactive as a catalysts. 

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

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

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

through thermal decomposition 

OT.M制 yama1，2， Y. Kawamura 1， H. Bang2， N. F吋i旬1，T. Shiraiwa1， K. Tanioku1， 
y. Hozumi1， S. Naritsuka1， 2 and M. Kusunoki3 

lDψt. 01 Materials Science & Engineering， Meijo Univ. Nagoya 468-8502， Japan 
2Meijo Univ. 21st CENTURYCOEprogram“'Nano Factory"， Nagoya 468・8502，Japan 

3 Japan Fine Ceramics Center， Nagoya 456-8587， Japan 

Aligned zigzag-type carbon nanotubes (CNT~ with fairly uniform tube diameters 

can be selectively produced only by heating SiC(OOOI) at su百icienthigh temperature in a 

vacuum. Although nanosized cap structures are observed at the initial stage of CNT growth， a 

detailed process of the carbon nanocap formation has not yet been clarified. In this s加dy，we 

investigated the decomposition of 6H・SiC(OOOI)surface and the formation process of carbon 

nanocap during heating using ultrahigh vacuum scanning tunneling microscopy (UHV-STM) 

and X-ray photoelectron spectroscopy (XPS). 

After being etched with hydrof1uoric acid (10%)， 6H-SiC(0001) samples were 

annealed in UHV.百leannealing tempera旬rewas increased from 400 to 12500C in 

increments of 50oC. During heating， the chamber pressure was kept below 1 x 10-6 Pa. After 
STM observation， XPS measurements were performed to investigate the surface composition. 

Si 2p and C Is XPS spectra for SiC(OOOl) after heating at 10000C showed that both 

evaporation of residual oxides and decomposition of the SiC surface occur below 1000oC， in 

contrast to the case ofhe~ting in a vacuum electric fumace [1]. Figure 1 sho}V topographical 

STM images of SiC(OOOl) after heating at 1100， 1150 and 12000C SiC(OOOl).百leseresults 

show that carbon nanocaps were formed by coalescence of the amorphous carbon 

nanoparticles in the clusters， fol1owed by crystal1ization. 

[1] T. Maruyama et al. The 29th Ful1erene & Nanotube General Symposium， 2P-21 (2005). 

(a) 11000C (b) 11500C 

Fig.l 

-125-

(c) 12000C 



2P-30 

Encapsulating p-nitroaniline into Single-Walled Carbon Nanotube 

o Takashi Murak出ni1
へ
YuikaSait02， Hiromichi Ka阻ura3，Kaz世世toTsukagoshP， 

K位吐riroYanagi3， Yasumitsu Miyata3，4， and Satoshi Kawata2，5 

1 Department of Physics， Gakushuin University， Mejiro， Toshima-ku，おか'0171・8588，Japan 

2 RIKEN (I'he lnstitute of Physical and Chemical research)，助 ko，Saitama 351・0198，.h伊an

3Nationallnstitute of Advanced Science and Technologyμ18刀，Nanotechnology Research 

lnstitute， Tsukuba， 305-8562， .h中間

4Graduate School ofScience， Tokyo Metropolitan University， Hachiザi192-039スJapan
5 Department of Applied Physics， Osa初 University， Suit仏 Osa初 565・0871，Japan 

Single-walled carbon nanotube (SWNT) can encapsulate various organic molecules. 

However， these small molecules are not stable inside of SWNTs， because small molecules are 

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

small molecules encapsulated in SWNTs have difficulties for practical applications as it is. 

Since C60 takes relatively stable state in the SWNT， we propose to use C60 as a “cap" for 

nanotubes in which small unstable molecules are encapsulated. The C60 behaves as sealing 

So 

明いSWNts
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Fig.l 

cap of sma11 molecules in SWNTs. 

cleaning process such as heating in vacuum 

and solvent treatment， encapsulated small 

molecules won't go out企omSWNTs.

We used p-nitroaniline (PNA)， which is 

small in size and have strong Raman signa1， 

ωthe target molecules. Fig.l shows Raman 

spectra of PNA encapsulated SWNTs using 

C60 (PNA・C6o@SWNTs)and without using 

C60 (PNA@SWNTs). After encapsulation， 

these samples are washed to remove outer 

molecules of SWNTs. 

In the 

encapsulated SWNTs. 
Only spec佐umof 

PNA町C6o@SWNTs，PNA peak is observed. Excitation: 488nm， exposure t泊施:1000s民.

Corresponding Au血or:Yuika Saito 
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Formation of n-type double-walled carbon nanotubes by a Cs-plasma 
irradiation method 

o Y. F. Li， T. lzumida， R. Hatakeyama， T. Kaneko， T. Okada， and T. Kato 

Department of Electronic Engineering， Tohoku Universi収Sendai980-8579， Japan 

In recent ye町s，carbon nanotubes field-effect transistors (FETs) 訂eintensively 
investigated in bo由 experimentsand theory. However， the current research on carbon 
nanotubes FETs is main1y focused on the single-walled carbon nanotubes (SWNTs) and 
multi-wa11ed carbon nanotubes (MWNTs). In con位ast，elec仕onictransport properties of 
double-wa11ed carbon nanotubes (DWNTs) have rarely been studied due to di百icultiesin 
yielding也emw1由 highpurity [1]. As an intermediate between MWNTs and SWNTs， 
DWNTs have at仕actedmuch attention of numerous scientists during the past severa1 years 
because it is believed that DWNTs have novel structural， mechanica1 and electronic prope此les
when compared to those of SWNTs and MWNTs. In this sense， DWNTs may provide an ideal 
ca:τbon nanotubes system for fabricating novel molecular devices. Nevertheless， it remains an 
open question出 towhat the characteristics of DWNTs-based FETs may be in detail and how 
to improve their electronic properties until now. In this regard， much more work is still needed 
to systematica11y investigate the transport properties ofDWNTs. 
In this work， functiona1 DWNTs with n-type semiconducting behavior訂'ecreated by Cs 
encapsulation via a plasma irradiation method [2]. The structure and morphologies of 
Cs-encapsulated DWNTs are confirmed by severa1 technologies which include HRTEM， EDX， 
and Raman Spectrum ana1yses. Figure 1 gives a TEM image ofthe Cs-encapsulated DWNT. 
Ele仰 onicproperties of DWNT-FET indicate pristine DWNTs are found to e対曲itboth p-
andn勾pesemiconducting behavior， and typica11y show a lower conductance in n-channel 
than in the p-channel. For comparison， an interesting conversion from ambipolar to high 
performance n-type semiconducting behavior is found for Cs-encapsulated DWNTs-based 

FET devices. Figure 2 depicts a current versus voltage (IDs-Va) characteristic of也en-type 
Cs-encapsulated DWNT-FET. 
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[1] T. Shimada et a1.， App1. Phys. Lett. 84， 2412 (2004). 
[2] Y. F. Li et a1.， Abstract of29也FullereneGeneral Symposium， 2P-27 (2005). 
Corresponding Author: Yongfeng Li， E-mail: y列f自li@pμla出sma.e∞cei.tωoh加lok初u.a郎C仏吋.j
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Magnetic Analysis of Nano・peapodsby Soft X圃rayMagnetic Circular 

Dichroism (l¥直CD)Spectroscopy 

oRyo Ki旬ura1，Haruya Okimoto1， Tetsuya Nak:amura2， Yutak:a Ki阻mura，Daisuke Ogawa 
and Hisanori Shinohara1人5

1 Department of Chemistry， Nagoya Universi砂~ Nagoya 464・8602，Japan 
"'JASRI-the争ting-8，砂'ogo679-5198， Japan 

;} Institute of Industrial Science， Tokyo Universi肌ぬか010ι8558，Japan 
5InstitutejbrAdvαnced Research， Nagoya University， Nagoya 464幽8602，Japan 
CREST， Japan Science and Technology Corporation， C/O Department ofChemistry， 

Nagoya Universi，砂"Nagoya 464-8602， .A中an

Nano・peapodshave at凶ctedwide scientific attention owing to血eirunusual structural 
and electric prop町ties，_as well as commercial interests due to their potential applications in 
field effect仕ansistorsYl One of the most in臼resting部:pectsof nano-peapods is血at由旬
possess one-dimensiona1 crystalline arrays of endohedral metallofullerenes in carbon 
nanotubes. 1nt町moleculardistances of encapsulated endohedral metallofullerenes are much 
shorter than由atof bulk crystals， and this affiωts magnetic properties great1y. However， the 
investigation of magnetic properties of encapsulated metallofullerenes is very difficult due to 
ferromagnetic impurities such as Co and Ni particles， which are used as carbon nanotube 
synthesis catalyst. Here we report element specific magnetization of encapsulated 
endohedral metallofullerenes by using soft x-ray magnetic circular dichroism at SPring・8
BL25SU. A high brilliance synchrotron soft x-ray radiation so町ceenables us to obtain MCD 
signals from V'ぽysmall amounts of samples (several 55x10'， 0 醐

micrograms). 

Figurel shows synchrotron powder X-ray 
di宜ractionpattems of empty single-walled carbon 
nano加besand Gd@C82 nano-peapods. Observed 
reduction of (10) peak intensity represents由at
Gd@C82 molecules are encapsulated in SWNT in 
high-yield. New di宜ractionpeak:， which is marked 
by祖国TOWin Figl， represen臼 intermolecular
dis伽 cesof Gd@CS2 in SWNT. The obtained 
intermolecular distance is 10.5 A， which is much 
shorter than that of bulk Gd@C82 crystal. MCD 
spe伽 mme出問d泊 amagnetic field 2.0 T in血e Fi伊rel.Pow伽 ;TZd17ムctionp蹴 msぱ
high-temperature range (50 > T > 13 K) revealed Gd@CS2 peapod (uppぽ附.ern) 組dempty 
伽 tmagnetization of Gd ions fol1ows the Curie law 
and suggesting the presence of ferromagnetic SWNT. 
interactions between the Gd atoms. 
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[1] T. Shimada， T. Ok位aki，R. Taniguchi， T. Sugai， H. Shinohara， et al， App. Phys. Lett， 81， 4067 (2002). 
Corresponding Author: Hisanori Shinohara 
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High Yield Purification of Carbon Nanohorn 

OGoshu TAMURA， Shunji BANDOW， and Sumio IIJIMA 

2Ft CentuりノCOEProgram“Nano Factory" 
Department 01 Materials Science and Engineering 

Meij・oUniversity 

1-501 Shiogamaguchi， Tenpaku， Nagoya 468・8502，Japan 

Abstract: When we measure TGA of as-grown nanohom (made by laser ablation)， 

there are 2 m司orcomponents that have peaks of differential curve at about 900 K and 

1，100K. The lower temperature component indicates nanohoms， and higher one 

indicates GG (Giant-Graphitic) balls. GG balls are impurities and are made in the 

process of production of nanohom. In products， 10-20 % of GG balls are contained. 

After following procedure: ultrasonic dispersion in ethanol， centrifugal separation， and 

drying treatment by rotary evaporator， we did TGA measurement both the supem副知t

and the precipitation. 

If we directly measured TGA after dipped into ethanolラbothof the peaks were shifted 

lower (than as-grown) by 50-150 K. The shift would be caused by the e百ectof ethanol. 

If we cure the effect of ethanol， we should conduct a treatment in H2 at 1473 K for 1 

hour. Then only the component of nanohoms was remained in the supematant. Although 

both components of nanohoms and GG balls appeared in the precipitation， the relative 

ratio of nanohoms and GG balls was changed to 2: 8. Therefore， it was found that the 

separation of nanohoms and GG balls can be achieved by the combination processes of 

u1trasonic dispersion and centrifugal separation. 

When we want to separate nanohoms and GG balls more easily， centrifugal sep訂ationis 

not necessary. After u1trasonic dispersion， solution must be left at rest more than 12 

hours. GG balls are settled down by gravitational sedimentation， then supematant， 

which consists of almost nanohom only， can be sucked up carefully using pipe悦.

Purity of nanohom in the suspension is in excess of 99 weight percent. This way of 

separation is very easy to yield high purity nanohoms. 

Corresponding Author Goshu TAMURA 

E-mail: m0441505@ccmailg.meijo・u.ac.JP

Tel&Fax: 052-834-4001 

-129ー



2P-34 

Fractionation of Arc-Soot and Dispersion of PU・RuCatalysts. 

(Reactivity with Methanol) 

o K. Higashi1， A. Niwa1， K. Shinohara¥ H Takikawa1， T. Sakakibara¥ 
G. XU2， S.ltoh3， T. Yamaura3， K. Miura4， K. Yoshikawa4 

1 Department of Electrical and Electronic Engineering， 

Toyohashi University ofTechnology 
L. Shonan Plastic A佑• CO.， Ltd. 

3 Product Development Center， Futaba Corporation 

4 Fuji Research Laboratory， Tokai Carbon CO.， Ltd. 

Carbon nanohom (CNH) is considered to be a candidate of conductive SUpport of 

metanl catalyst p訂ticlefor the electrode of direct methanol fuel cell (DMFC)[l]. CNH can be 

synthesized by not on1y laser ablation method[21 but also anodic arc discharge method[31. In the 

case of anodic arc discharge method， CNH can be found in the arc-soot evaporated企om

anode and deposited on the apparatus wall or caught in ambient media like water， when the 

arc in operated at around a加losphericpress町'ewith ni仕ogendominant ambient. However， 

there is usually coexistence of non-CNH particle in由earc-soot. Moreover， non-dahlia-like 

CNH may not more suitable for the support血andahlia-like CNH. 

In the present s回dy，in order to investigate the 

influence of co回productin the訂'c-sooton dispersion 

of catalyst particle， the arc-soot was separated into 

1訂ger graphitic macro-particle and smaller 

nano司particles.Pr-Ru particle was dispersed on three 

ザpesof arc-soot:鎚-prep町ed 町c-soot，graphitic 

macro-particle， and nano・particle. From TEM 

observation and simple test of reaction activity with 

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

was most preferable. Figure 1 shows the as-prepared 

arc-soot with Pt-Ru dispersion. 

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

[2] S.Iijima， et al.: Chem. Phys. Lett.， 309， 165 (1999) 

Fig.l TEM micrograph of as-prepared 
arc-soot with Pt-Ru dispersion. 

[3] G C. Xu， et al.: New Diamond Front. Carbon Technol.， 15， pp.73・81(2005) 
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S北abilityofField Emission Current from a Carbon Nanotube 

o Y. K'Onishi ¥ H. Tanaka 1， L. Pan 1¥S. Akita1and Y. Nakayama1，2 

1 Department of Physics and Electronics， Osaka Prejecture Universi杭 1-1Gakuen-cho， 
Sakai， Osaka 599-8531， Japan 

2Handai Frontier Research Center， Graduate SchooFofEngineering， Osaka University， 
2-1 Yamadaoka， Suita， Osa初 565-0871，Japan 

The stability 'Of fie1d emissi'On企omcarb'On nan'Otubes 
(CNTs) is very imp'Ortant f'Or applicati'On 'OfCNTs t'O e1ectr'On 
emitters 'Of field emissi'On display (FED). In 'Order t'O c1arifシ
the main reas'Ons resulting in the instabi1ity 'Of e1ectr'On 
emissi'On， the field-emissi'On properties 'Of a single CNT have 
been investigated by using a field emissi'On microsc'Ope 
(FEM)[1]. We rep'Ort the current fluctuati'On f'Or individual 
d'Ouble-wall carb'On nan'Otubes (DWNTs)， which exhibits 
excellent properties as field emitters. 
Figure 1 sh'Ows the temp'Oral current fluctuati'Ons f'Or a 
DWNT at several fixed v'Oltages in a vacuum 'Of 10・7Pa.百le

average current fluctuati'Ons (standard deviati'On) f'Or an h'Our 
under the emissi'On levels 'Of 10て10-110て10-9and 10-10 A 
are approximately 7.2%， 26.3%， 0.7%， 1.5% and 1.7%， 
respectively. It is 'Observed that the emissi'On current 
bec'Omes unstable when the emissi'On level is increased企'Om
10-8 t'O 10-7 A. Alth'Ough the reas'Ons f'Or this phen'Omen'On， 
inc1uding the thermal n'Oises， therm'Oelectric e百ect，are 
c'Omplicated and are needed t'O be further investigated， the 
result itself indicates that the average emissi'On current f'Or 
an individual CNT in emitter arrays f'Or an FED sh'Ould be 
designed t'O be less than 10-7 A. 
Besides the emissi'On level， the pressure and the kinds 'Of 
residual gases are c'Onsidered t'O be the main fact'Ors a旺ecting

the stabi1ity 'Of field emissi'On. Fig.2 (a) and (b) sh'Ow the 
current fluctuati'On at the level 'Of 10・8A measured at the 

pressures f'Orm 10-7 t'O 10-4 Pa， respectively， by intr'Oducing 
N2 with 'Or with'Out an am'Ount 'Of H20. It is f'Ound that the 
current fluctuati'On increases largely when the pressure 
increases企'Om10幽5t'O 10-4 Pa because 'Of the 'Obvi'Ous e宜ect

'Of ads'O叩ti'On and des'Orpti'On 'Of the gas m'Olecules. 
C'Ompared with that with'Out intr'Oducing H20， the field 
emissi'On in the case 'Of in仕oducingH20 is re1atively 
unstable， suggesting that H20 has a larger e旺ectthan N2 [2] 
and sh'Ould be rem'Oved in the process 'OfFED fabricati'On. 
Acknowledgement: This work was supported by CNT-FED project ofNEDO. 
References: [1] H.Tanaka et al.， Jpn. 1. Appl. Phys. 43， L1651(2004). [2] K. A. Dean and B. R. Chalamala， 

Appl. Phys. Lett. 75，19 (1999). 
Corresponding Author: Lujun Pan 
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Fig.2 The dependence of current 
fluctuation on press町efor a DWNT 
while introducing N 2 (a) with and (b) 
without H20. 
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Conductance of telescoped double-wall armchair nanotube 

RyoTamura 

Abstract: 

The conductance of telescoped double-wall nanotubes (TDWNTs) composed of two 

armchair nanotubes ((no，no) and (no -5，no -5) with no ~1O) is ca1culated using 

the Landauer formula and a tight binding model. The resu1ts are in good agreement with 

the conductance calculated analytically by replacing each single-wall nanotube with a 

ladder，部expressedby (2e2/h)(史+T_)， where I: ( '-) is the transmission rate of the 

pseudo symmetry (pseudo anti-symmetry) channel. Inter1ayer hopping of the -

channel in the ladder model explains two key resu1ts: the low value of T_ for TDWNTs 

except when no = 10， and the particularly low va1ue of T_ when either no or 
no -5 is a mu1tiple of three. In the latler case， T_ becomes zero when the saturation 

of the number of inter1ayer bonds per atom is neglected. 

(Figure caption) o8 represents the relative rotation angle with respect to common tube 

axis， while (L・0.5)α+dz is the over1ap length between the two armchair NTs with 

latlice constant a "-'0.25 nm.. 
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References: R. 11卸nura， Y Sawai and J. Haruyama， Phys. Rev. B 72， 045413 (2005)， 

Erratum， Phys. Rev. B 72， 119903(E) (2005) 
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Double-Walled Carbon Nanotubes by using UHV-STM 
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Carbon nanotubes have attracted much attention by virtue of their one-dimensional 
structure and of unique electronic properties. STM (Scanning Tunneling Microscopy) is a 
powerful to01 of ana1yzing surface e1ectronic states of atoms， m01ecu1es and nano materials. 
Direct observation ofMWNTs (mu1ti-walled carbon nanotube) [1] and SWNTs (single-walled 
carbon nano印刷 [2，3]by STM reveals presence of the super-structure induced by 
inter-layer interaction and the lattice images correspond to honeycombs structures， 
respectively. However， DWNTs (double-walled carbon nanotubes) have not been reported as 
high resolution surface images by STM. Recently， the development of CNTs syn曲目IS
enables us to prepare high-quality DWNTs[4]. Here， we report the first observation of 
super-structures and lattice images ofDWNT by STM. 
The DWNTs were prep紅'edby the pulsed-arc discharging method and the remaining 
SWNT was removed by thermal oxidation [4]. Clean surface of the Cu(lll) was prepared by 
repeated Ar -spu抗eringand annealing in a prep紅ationchamber (PC) under UHV condition， 
and was confirmed by STM observation. The Cu surface was then introduced into a load-lock 
chamber kept at a 10・5-Pa range vacuum. The DWNTs in a chloroform s01ution were 
immediately pulse-injected onto the surface [5] in vacuum. The sample was transferred to PC 
and was annealed at 700K to remove the residue s01vents. 
Figure 1 shows an STM image of a DWNT on the Cu surface after image processing to 
enhance the contrast. Both a high resolution of lattice image (a white line for an example) and 
a long periodic structure (white dots) are 
successfully observed. We have found that the 
super-structure is caused by the interference 
between the inner and outer tubes of the DWNT. 

Reference 
[1] Maohui Ge and Klaus Sattler， Science， 260， 515 (1993) 
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Photoluminescence (PL) measurements are a powerful tool to characterize CNTs. It 
is not easy， however， to measure PL丘omDWNTs because of the di:fficulty to observe PL 
peaks from SWNTs and DWNTs separately. We have reported PL from inner tubes ofDWNTs 
[1] by comparing the PL mappings of the samples ob阻inedbefore and after concentrating 
DWNTs by the oxidation method [2]. Here， we report the detailed changes of PL mappings 
during the concen仕ationprocess ofDWNTs by oxidation. 
We have concentrated DWNTs from as-grown SWNTs samples containing small 

amounts of DWNTs by oxidation and measured PL of the samples in由eprocess of 
concentrating DWNTs. In this work， we used sodium cholate solution for suspending both 
SWNTs and DWNTs. The PL measurements were done on a Shimadzu NIR-PL system 
(CNT-RF). PL signals 丘omSWNTs were observed in the mapping of as-grown sample.百le
PL peak distribution shifted to a thicker diameter region with increasing oxidation 
temperature， since SWNTs with smaller 
diameters are more active against 
oxidation th如 thicker tubes. After 
high-temperature oxidation， new peaks 
appeared in the thinner diameter region. 
These peaks stem from inner tubes of 
DWNTs， since the mean diameter of血e
inner tubes of由epresent DWNTs w，部
much smaller由anthose of as-grown 
SWNTs [1，3]. PL from SWNTs and inner 
of DWNTs are observed separate1y出
shown in Figure 1. Further concen仕ation
procedure provides PL peaks almost on1y 
企ominner tubes of DWNTs， whereas 
the ones丘omSWNTs disappeared in 
the PL mapping. 

References: 
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Recently， several techniques， which produce aligned SWNTs materials， provide the 

oppo巾凶旬 tocarry out polarized d叩endentspectroscopic studies and clarified the 

intrinsic properties of one-dimensional tubular structures. However， these studies were 

on1y limited to the region between NIR to Uv.百lIsis the first report to investigate the 

polarization dependencies of the absorption spectra企omTHz-to mid-IR region and 

carrier doped aligned SWNTs. Then we discuss the morphology e首ectof optical 

properties in SWNTs by comparing the aligned films and unoriented films. To obtain 

pristine (hole doped) samples， SWNTs were sonicated in toluene (F4TCNQ/Toluene) for 

3 hours at room temperature， then the 

suspension was mixed with the PE/Toluene 

suspension at 160
0

C and stirred until solvent has 

reduced completely. The obtained SWNT/PE 

L-SWNT 

composite films were mechanically stretched瓜訟|

elev蹴 dtemper剖ms.Thedegee of SWNTs E o十Ttrr
!J! 1..J H-SWNT 

alignment was determined by polarized Raman :: 
~ 

spectroscopy and Maximum En位opy analysis.~ ~ 11 

implies that 90% of SWNTs in the伽 mt?
aligned along the stretch direction， with a mosaic 

angle of + 250
• Figl. shows the highly 

amso仕'Opicand insulator like behavior in the FIR 

region. In pos旬r，we discuss the FIR peaks and 

MIR structure ， which appe訂son1y in unoriented 

films， wi出theobject of SWNT's morphology. 
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Due to the rotational symmetry around a horizon旬1C2 axis， which intersects the 

center of two hexagons located at opposite sides of a carbon nanotube， and the translational 

symme町 aroundthe axis of the n組 O卸be，出eexcitonic s胞tes[1-2] in a nanotube can be 

classified into four kinds: A七EandE事 states.Among them， A + S阻teis a bright s旬te，where 
the optical transitions with light polarization along the tube axis are allowed. 官官 other

states A-， E and E* are dark states， where the optical transitions are forbidden. 

A + states can be further classified into several serial states (energy subbands)， which 

correspond to El1， E22， E33…仕組sitionsin出esingle且particlepicture， and into s， p， d，...states 

for each energy subband. Within a subband， the optical matrix element is largest for the first 

state with the lowest energy. The diameter and chiral angle dependences of the ma凶x

elements for the lowest energy states， corresponding to El1， E22， and E33 transitions are studied 

and compared to those in the single-particle picture.百leSlml加itybetween the results by the 

two pictures is eXplained by the Fourier transform of the wave functions for these excitonic 

states. 

[1] Catalin D. Spataru， Sohrab Ismail-Beigi， Lo血 X.Benedict， and Steven G. Louie， Phys. Rev. Lett.， 92， 

077402 (2004). 
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Carbon nanotubes (CNTs) have attracted a great deal of in:旬restand have been widely 

studied in the bo也 experimentaland theoretical fields. Recently， the spin-valve effect due to 

the misalignment of由emagnetic moments of the two electrodes connecting the nanotubes 

wぉ reported.1)This research may extend to a new conduction mechanism to eval田.tethe 

potential of CNTs as nano-spintronics devices. The p田1'0seof our study here is to investigate 

出epossibility of spin-polarized conducting CNT. 

In this work， we considered several hydrogen atoms encapsulated into a finite-length 

CNT (6，6) 2，3) with an injected electron.官邸 CNTis terminated by hydrogen atoms in each 

end. It is expected由剖 double-exchangemechanism4) appe紅sfollowed by high・spm

correlation among the elec仕onsof encapsulated hydrogen atoms and those of CNT， resulting 

in spin-polarized current on CNT. In particular， we focus on whether high-spin correlation of 

the encapsulated hydrogen atoms is stable or not. In order to obtain the geometries and 

electronic struc旬resof these hydrogen atoms， the geometrical optimization was carried out 

based on the ab initio self-consistent-field molecular orbital (SCF-MO) calculation (6・21G

basis set) using the Gaussian 03 program package. 
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Isolated single-walled carbon nanotubes (SWCNTs) should have di宜erentphysical 

properties from bundled ones due to charge仕組sferand interlayer interactions. Actually， 

many researchers have measured photoluminescence (PL) and resonance Raman spectra 

侭RS)of individual single-walled carbon nano加bes(SWIαTs) to reveal the intrinsic 

electronic structure of SWCNTs. Most of them have used HiPco dispersed in water with 

surfactant [1，2]. However， the micelle-SWCNTs are not ideally isolated but are expected 

interaction between SWCNTs and surfactant. For that purpose， really isolated SWCNTs 

are required. 

We synthesize isolated SWCNTs suspended between nanoparticles in air by alcohol 

catalytic chemical vapor deposition (ACCVD) technique [3] using porous magnesium 

oxide (MgO) block. The sample showed very narrow RBM Raman lines and PL without 

any treatment. In this presentation， we will discuss RRS and PL spectra of suspended 

SWCNTs compared with the result ofSDS-HiPco dispersed in water. 
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Single-walled carbon nanotubes (SWNTs) have a土佐actedgreat attention as promising 

candidates for nanoscale e1ectronic devices. A pristine SWNT-fie1d effect仕組sistor

(FET) with ordin訂ymetal electrodes normally exhibits only p勾petransport behavior 

in air. However， fabricating nanotube-based integrated circuits requires n-旬pe

SWNT-FETs as well as p-ザpeones. 

Amines are known to act as e1ec仕ondonors when they are coupled to 0由ermolecules. 

In由isstudy， we demonstrated the conversion of a SWNT-FET仕omp-旬peto n-旬peby

3-(anminopropyl)住le也oxysilane(APTES， NH2(CH2)3Si(OEt)3)仕ea加lentfollowing 

appropriate acid trea回lents.The acid仕eatmentsare crucial for covalent chemical bond 

formation between出eAPTES and SWNTs. 

The SWNT-FET with Au!fi electrodes w出 fabricatedby thβconventional 

1ithography technique. Figure 1 shows the drain current (1ω) versus gate voltage (V gs) 

characteristics for出eSWNT-FET in air before and after APTES佐eatment.The 

SWNT-FET before APTES treatment exhibited p-旬pecharacteristics， as usua1. on the 
otherhand， after APTES trea加lent，it exhibitednーザpecharacteristics with normally-on. 
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Fig. 1. L1s-Vgs curves of SWNT・FET
before and a食.eramine treatment 

The change of仕組sporttype is explained by 

the donation of e1ectrons 企om amine 

molecu1es to the SWNT. Although changing 

出etransport properties of SWNT・FETby 

physical adsorption of APTES has been 

r叩ortedby Kong et a1. [1]， they di血't

achieve n-type FET properties. These resu1ts 

indicated that the covalent chemical bond 

formation between APTES and SWNTs is 

effective for making n-type SWNT-FETs. 

[1] Jing Kong et al.， J. Phys. Chem. B 105，2890 (2001) 
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X-ray source with cold cathode is attracting much attention， and X-ray sources using carbon-related 

materials as a field emitter have been reported by several authors [1]. We have reported on a preliminary 

micro-focused X-ray so町cewith a carbon nanotube (CNT) bundle cathode and a simple eInzellens consisting of 

伽 eeparallel plates，組.dits imaging capability was demonstrated [2]. To improve its pe巾，rmance，i.e.， 

intensi臥 penetrat泊gpow民 resolutionof X-ray images， we developed a new micro-focused X-ray source 

equipped with an optimized elec仕onoptical system. 

The X-ray so町cecomposed of a field emission cathode， a Butler lens [3]， and a Cu anode，部illustratedin 

Fig. 1.百lecathode used in this study was a bundle ofmulti-walled carbon nanotubes (MWNTs) produced by 

arc disch訂gein helium gas. 百leCNT cathode assembly was mounted on組 XYZs陶酔foralignment with the 

optical axis. Owing如血isalignment白nction，an叙lOdecurrent increased by twice as much出 thecase without 

由e白nction. 百leButler lens consist怠dofan ex位actionelectrode and a focusing elec仕ode，whose configuration 

was designed by compu旬rsimulations of electron beam回~ectories. Since the m蹴 imumvol句geapplied to the 

cathode and the anode were -30 kV and +30 kV， resp切tivel)らtheX-ray source can generate X-ray with high 

pene回.tingpower enough to image non-biological specimens such部 LSI. X-ray radiated from由eanode was 

extracted in the a加 ospherepassing through a Be window，佃dX-ra戸 transmittedthrough a sp民 imenwere 

recorded on an electron micro喧cope(EM) film. Experiments were done under an ordin紅yvaαlumpressure of 

2xl0-7 Torr for practical use. 

Figぼ'e2 shows an X-ray image ofwiring ofLSI taken at an acceleration voltage of23 kV for which -9.0 

kV and +14.0 kV were applied旬 thecathode and組 ode，respectivel子百leEM film was placed close behind 

白eLSI specimen， and therefore白emagnification was unity. Each of wires， whose width was 30μm， is 

perfectlyresοlved. Use of出eButler lens led to signific加 timprovement ofresolution of也eX-raゲ加時間・

ノ
MWNTs 

Butler lens 

Fig. 1 Schematic diagram ofthe newly developed X-ray source. Fig. 2 X-ray transmission image ofa LSI 

at the acceleration voltage of23 kY. 
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We report the s'Olub出zati'On'Of SWNTs in aqueo凶 soluti'Ons'Of bi'Osurfactants. ln白isstydy，加E

di宜erent値u'O凶c-，zwiter i'Onic-組 dn'Oni'Onic stぽ'Oidm'Oiety-cmη必19bi'Osぽfac匂nts，aIld白reedill釘entsugar 

bi'Os町批匂ntsare田edσigure1). All血esecompounds have been kn'Own as membfaIle prote血 s'Olubili昂rs.

E叩ecially，bile salts such as s叫iumch'Olate血 dits aIlal'Ogues are∞mp'Osed 'Of a rigid hydr'Oph'Obic s町'Oid

backbone canying tw'O 'Or由reehydr'Oxy gr'Oups s闘志ochellUcallyaIld for由 spec出cs釘ucturesaIld bi'Ol'Ogical 

伽 cti'Onsin wa紙百leαiti，伺IllU田11ぽ∞n回甜甜α18(cmc) 'Of批 sellUce11es are ra血ぽ high， which is也e

adv:組時eωrem'Ovethem企'Om卸 s'Oluti'Ons.We describe a str'Ong chellUcal structure d叩enden白血d血e

effi回t'Ofαnc'On the solubilizati'On 'Of CNTs凶 ing也ebi'Os町fac回lts.
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X=H， y=c∞Na S吋山md曲可血late(SDC)
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N，N-Bis(3-D-gluconamidopropyl)deoxycholamide ( d田町ーBIGCHAP)
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Figure 1. ChellUcal Structures 'Of 

bi'Osurfac国民 c'Olumn A steroid type 

surfactant， c'Olumn B : sugar type sur色c鈎nt.
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We have already reported that anthracene-carrying 

copolymer 1 (Figure 1) can dissolve single walled 

carbon nanotubes (SWNTs) in solutionl). In this study， 
we examine the e旺ectof laser irradiation onto this 
SWNT solution. 

A DMF solution of 1/SWNTs was prepared by 
sonication， and subsequent centrifugation1). Upon 
irradiation by Nd:YAG pulse laser (wavelength 

1064 nm) to this solution， we recognized a formation 
of a black-colored precipi同te，and the decrease in由e
absorbance of the vis圃NIRabsorption of SWNTs 

(Figure 2). The absorption of anthracene moiety on 1 

did not change by this procedure.百leRaman spectrum 

of the precipitate separated from the solution was 

almost the same as that of SWNTs before laser 

irradiation， suggesting that the laser irradiation induces 
desorption of solubilizer 1丘omSWNTs and produces 
bundled insoluble SWNTs in solution. 

References 1) K. Nar加latsu，J. Nishioka， H. Murakami， N. 
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Figure 2. Vis-NIR spectra of 
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Recently， dielectrophoresis (DEP) has been proposed to separate metallic SWNTs 
(M-SWNTs) from semiconducting SWNTs (S-SWNTs) [1]. The DEP force is strongly 
dependent on the permittivity of a SWN工whichis inversely proportional to a square root of 
the band gap of a nanotube. Thus， M-SWNTs having infinite permittivity are suggested to 
be attracted more strongly to the electrode as compared with S-SWNTs. One major issue 
of the metal-semiconductor separation by DEP is the reliability of the Raman spec仕aof 
SWNTs deposited on the electrode， because the spec回 mis very sensitive to an aggregated 
state of SWNTs [2]. Therefore， direct evidences， such as an absorption spectrum， are 
necessary to discuss effectiveness of the separation. 
Here， we report on the DEP of SWNTs in a microchip having interdigitated electrodes with 
10μm gap. The DEP force is supposed to inf1uence on SWNTs e能 ctivelyin a confined 
space. Furthermore， this method aIlows us to obtain the dispersion after the DEP for the 
absorption measurement. HiPco・SWNTsdispersed in D20/SDS solution was introduced 
into the microchip and su宜ered合omthe non-uniform electric field generated by a function 
generator， 20 Vpp (peak-to-peak) and 15 MHz， as shown in Fig. 1 (a). Fig.1(b) shows the 
abso叩tionspectra of the original dispersion and that collected after the DEP. There is no 
obvious change in their abso叩，tionspec仕a，suggesting the co-existence of M-SWNTs and 
S-SWNTs even after the DEP. E低 ctsof an electric double layer and electrolysis of the 
solution will also be discussed. 

(a) (b) 0.4 
Dis阿倍ionof 5WNTs (A) Dispe陪 ionof 5WNTs (8) 

ωad『

• 511 
ー-

600 800 1000 1200 1350 
Wavelength (nm) 

Figure 1. (的 Schematicillustration of白eDEP of SWNTs in the microchip. The channel size is 20μm 
height， 6 mm width， and 13 mm len併1. (b) Comparison of absorption spectra of出eSWNTs dispersions. 

Acknowledgements: The authors acknowledge support企omCRES下1ST，Grant-in-aid for Scientific Research 
企om恥伍XT(#16710087)， and Iketani Science Foundation. 

References: [1] R. Krupke et al. Science， 301， 344 (2003). [2] S. Baik et al. J. Phys. Chem.， 108， 15560 (2004). 
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Carbon coils wi血helicaVspiralstructures， such as carbon nanocoils and microcoils， 

are expected for use出 electromagneticabsorber， nano・springsand emitters for field 

emission. The carbon coils can be grown by catalytic thermal decomposition of 

hydrocarbon gases such as acetylene. It is well known th剖 metalcatalysts， such as iron 
and indium tin oxide and nickel， are essential for e能ctivegrowth of carbon coils. 
Recently， we found that carbon coils were formed without metal by arc vaporization 

using graphite elec位。desin a hydrogen atmosphere. In this study， we examined the 
formation of spiral carbon structures without a metal catalyst. 

Preparation of samples was carried out by vaporization of graphite出 ananode using 

a conventiona1 arc discharge method. Hydrogen gas was put into the arc chamber at 

more than 0.1 MPa.百learc discharge was performed intermittently for 5 min. 

Figure l(a) shows moss-like aggregates on the surface of a cathode after arc discharge. 

Electron microscopic observation revealed that the moss-like aggregates consisted of 

highly dense multi司wallcarbon nanotubes. This result is similar to曲目ofan RF plasma 

method [1]. In addition， various勿pesof spiral carbon structures， such as thin single 

coils with diameters of about 200-300 nm (Fig. 1(b))組d由化kdouble-helix coils with 

diameters of 2・3μm(carbon microcoils) (Fig. l(c))， were formed on the surface of an 
anode. We will discuss details ofthe metal-企eeformation of carbon coils. 

Fig. 1 SEM images of (吋moss-likeaggregates of MWNTs formed on a surface of the cathode 
deposit， (b)血insingle carbon coils and (c) thick double-helix carbon coils formed on the 
su由.ceof an anode. 

References 

[1] A. Koshio et al.， Chem. Phys. Lett. 356，595 (2002). 

Corresponding Author: Akira Koshio 

E-mail: koshio@chem.mie-u.ac.jp Tel&Fax: +8ト59・231・5370

-144-



2P-49 
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Recently， the critical sizes of fullerene clusters (C6o)nz+ have been experimentally 

measured for multiply charged of z =2 -5[1]. To explain experimental measurements， 

we calculate the energy barrier for various fission channels and estimate the critical 

sizes of multiply-charged白llereneclusters for z = 2・6].We calculate energy barriers 

for various fission channels by assuming that the合agmentcluster are in contact at the 

transition s阻te[2].The energy of charged clusters is estimated either by using the results 

of accurate calculations for (C60)n clusters[3] or the use of the liquid drop model. The 

results are shown in Table 1.官leexperimental measurements are reproduced wi血ina 

considerable accuracy in both methods. Although the liquid drop model essentially 

explains the appearance sizes for z = 2・5，shell e百ectsare expected to be important 

for z = 6. Furthermore， multiply-charged clusters larger than the critical size are not 

always stable due to shell e宜ectseven for z < 6. Details will be presented in article [4]. 

Table 1: Critical sizes for multiply 

charged fullerene clusters with charge z. 

Numbers in parenthesis are those 

calculated合'Omthe liquid drop model 

References 

[1] B. Manil， et al.， Phys. Rev. Let. 91， 215504 (2003). 

問 O.Echt， et al， Phys. Rev. A 38，3236 (1988). 

z 

2 

3 

4 

5 

6 

Theory 

6 (6) 

12 (12) 

22 (20) 

31 (31) 

38 (45) 

[3] P. J. K. Doe， D. J. Wales， W. Bran， and F. Calvo， Phys. Rev. B64， 235409 (2001) 
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Photochemical reaction of C60 with cyclic organosilicon compounds 
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It is well known that the ground s旬teof C60 is a good ele凶 onacceptor. The 

excited triplet state of C60 becomes a much stronger electron acceptor and has a far 

longer life time compared to its excited singlet state. Furthermore， the quantum yield to 

the excited triplet state of Cω 企omits excited singlet state is very high， and it has a 

potential for causing chemical reaction with other materials. Thus， it is expected that C60 

will smoothly react with electron donor compounds under the photo-irradiation 

condition. Under this concept， chemical functionalization of C60 with organosilicon 

compounds has been performed to give the fascinating results. 1，2 

Here we report the photochemical reaction of fullerene with cyc1ic 

organosilicon compounds. It was observed 由at the cyc10・addition of the 

silacyc1opropanes to C60 forms the 5・membered ring on the carbon cage. 

Silacyc1opropanes with diphenyl and phenyl substituents on one side of the carbon 

atoms in the ring also affords the open type of C60 mono-adduct as well as the 

cyc10・additionadduct. The reaction mechanism and the structure analyses of these 

C60・monoadducts will be reported in this presentation. 

1) Akasak:a， T. etal.J.Am. Chem. Soc.， 1993，115，10366. 

2) Wak:ah紅色T.et al. Current Organic Chemistry， 2003， 7， 927. 
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This work describes the computer aided search program for multi-adduct fullerene C60凡

structures by仕acingthe family tree of prec町 sorsand derivatives of every physical possible 

multi-adductions (Geometrical Evolution Graph)[I]. We developed a new searching algori也m，

named Cones Product Strategy (Figure)， based on the multi幽dimensionalnetwork pathways. 

When applied to the highly symme仕icalhexa-adduct C60 we obtained 3 possible pathways to 

hexa-adduct descendents. Th symmetrical 

hexa-adduct is the only hexa-adduct that is able to 

derive企ome and trans-1 bis-adduct isomers. D3 

symmetrical hexa-adduct is the only hexa-adduct 

that is able to derive企omthe仕is-adductOx0200 p 

0081 (expressed部 structureID [2])出剖 IS悦

only tris-adduct able to derive丘ome， trans・3and 

trans-2 bis-adduct. D3d symmetrical hexa-adduct 

is the only hexa-adduct that is able to derive from 

由e甘is-adductOxOOO 1 2001 which structure has 

very simple biconical zone.百lIsalgori由mcould 

facilitate the development of new complex 

chemical structures. 

References and Notes: 

τ 

Figure. Graphic representation of the Cones 

Product Strategy that selects the best prec町sor

pair (a，b) for its derivatives includ均 target

S加 .cturesmainly. 

[1] T. Toida， Y. Hori， K. Nemoto， K. Uchi也，T. Ishii， and H. Yajima， J. Computer Aided Chem.， 6， 11 (2005) 

[2]百lestructure ID that is 8 digits hexadecimal index (30 bits width) corresponding to any adduct pattems on 

30 kinds of hex-hex double bond of C60 ful1erene is classified to the minor s加lctureID which is impossible to 

distinguish and the Major structure ID which is representative for the minor structure IDs.百leMajor structure 

ID is the index without duplications of structure isomers and it is able to compare any two adduct pa批 ms

directly. In this s加dy出esoftware tools to visualize the structure ID for the Schlegel diagram are also developed. 

The tools are able to output the Major structure ID and its enantiomeric Major structure ID. 
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Recently， a large number of studies have been ex加 lsivelymade with respect to血e
syntheses of water-soluble antioxidant fullerene derivatives and their scavenging activities 
against reactive oxygen species such as hydroxyl radical and superoxide. However， a few 
reports on fullerene derivatives with effective biological activities such as biocompatibility 

and biodegradability have been just presented. 

In order to develop a novel biomedical material with multiple and effective 

functionalities using fullerenes，由econjugates of fullerenes and chitosans were syn血esized

and their scavenging activities were examined by means ofESR measurements. 

The conjugation was carried out according to the method described in a previous work [1] 

and confirmed by 1H-NMR measurements. The degree of substitution of fullerene was 

determined to be 0.25. Furthermore， the dispersion properties of the conjugates in aqueous 
solution were analyzed by dynamic light 印刷ering(DLS). As a result， it was suggested that 
the conjugates assumed selfこassemblyin analogy with amphiphilic polymers or surfactants 
(Fig.l). 

At present， the studies on the self-assembly mechanism and radical scavenging activities 
of the conjugates are in progress. 

[1] K.Nemoto et al.， Abstracts ofthe 29由

d = 236.1 ::!:43.0 nmー¥

Fullerene-Nanotubes Genera¥ Symposium， 2P・2(2005) 20 
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One Pot Synthesis of Highly Water-Soluble Fullerenol 
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Water圃soluble白llereneis a promising material in the field of life science，出medicine

or cosmetic， in view of its high abili旬ofcapturing active oxygens [1]. Thus， facile synthesis 
of the water-soluble fullerenes has been eagerly desired企omthe beginning of fullerene 

chemistry. Since the polyhydroxyl fullerene， fullerenol， can be one of the candidates for the 
wa匂r-solublefullerenes， several synthetic methods have been already reported [2，3]. The 
fullerenols with less than 12 hydroxyl groups on a fullerene cage still showed a very poor 

water solubility， whereas the fullerenols with more greater number of hydroxyl groups 
exhibited a good solubility. However， its applicability is restricted by the unfavorable 
contamination ofNa ion which is inevitably introduced under the treatment with NaOH. 

Recently， we have succeeded in synthesizing the mil匂，white-colored fullerenols with 
36-40 hydroxyl groups (estimated average)部 aNa free compound [4].百lIscompound， we 
called “ StarFullerene™,,, showed the higher solubility of 58.9 g/L to neutral water. However， 
two step procedures were essential for the synthesis of desired StarFullerene from C60・

In this study， we improved the previous synthetic method by addition of some 
promoter to the above preparation solution， achieving the one pot reaction.百lIsnewly 
prep紅edfullerenol contains additional N-containing groups and showed the more higher 

water solubility as over 200 g/L (Table 1). 

zable 1. Wi低ersolubility of some fullerenols 
Compounds Average S仕ucture

StarFullerene 1 

StarFullerene 2 

Present fullerenol 

Cω(OH)36. 7H20 

C6o(OH)40 • 9H20 

C60(OH)IXm-nH20b 

Elemental Analysis 

% 

C:48.1， H:3.6， 0:48.3 

C:46.3， H:3.7， 0:50.1 

C:35.9， H:4.2， 0:48.9， N:l1.0 

Water Solubility 

cont.
Q 

/ % ダL

8.9 17.5 

9.6 58.9 

17.6
C >200 

a) Water co臨時detenninedby TGA analysis. b) X = NH2， NHOH， NO， N02 etc; N-containing group. c) Detennined by 

Karl Fischer Moisture Titrator. 

[1] Xiao， L.; Takada， H.; Maeda， K.; Haramoto， M.; Miwa， N. Biomed Pharmacother. 2005，59，351. 

[2] Chiang， L. Y.; Wang， L.主;Swirczewski， J. w.; Soled， S.; Cameron， S. J. Org. Chem.1994， 59， 3960. 
[3] Li， J.; Takeuchi， A.; Ozawa， M.; Li， X.; Saigo， K.; Kitazawa， K. J. Chem. Soc.， Chem. Commun. 1993， 1785. 

[4] T. Oshima et al.， Abs位'actsofThe 28也Fullerene・NanoぬbesGeneral Symposium， p.l05， 2005. 
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Synthesis of Alkylated Pentamethyl[60]fullerene by Iridium Catalyzed C-H 

BondAc姐vationof Toluene 
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Penta(organo)fullerene (C6oR5H; R = various alkyl and aryl groups) is one of the 

most promising fullerene derivatives because of由eiravailability with large scale and their 

unique chemical and physical properties such as liquid crystals， vesicles， lig姐 dsof transition 

metal complexes. Chemical modification of penta( organo)[ 60]ful1erene can make it possible 

not only to build up a value-added compound but also to substitute a reactive hydrogen atom 

in the cyclopentadiene moiety of C6oR5H with organic groups to obtain stable 

hexa( organo )[ 60] fullerenes， C60~・ We present here the novel synthetic method to obtain 

alkylated penta( organo)白llereneby iridium catalyzed C-H bond activation reaction. 

1 

[lrCI(coe)212 
(0.1 equiv.) 

K2C03 (1 equiv.) 
toluene 
80 oC， 120 h 

+ 

2，51% 3，22% 

The reaction of bromo(pentamethyl)[60]fullerene， C60Me掛け)with catal戸lC

amount of [IrCl( coe )2h (coe cyclooctene) in toluene at 25 oCおr120 h gave 

benzyl(pentamethyl)[60]fullerene， C6oMe5(CH2Ph) (2) in 51% yield through C-H bond 

activation of toluene. The conversion of 1 wω100%，組dC60Me5H (3， 22%) and several 

oxidized products such as C6oMe503H were given ωbyproducts. The characterization of 2 

W槌 performedby lH and 13C NMR and HR-MS measurements as well鎚組 X-ray

crystallographic analysis. The present procedure is a quite rare example of catalytic 

functionalization of fullerenes. We believe that the new methodology expands a molecular 

library of stable functionalized fullerenes. 
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，(， Faculty 01 Pharmaceutical Sciences， Musashino Unかersi，砂，
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Fullerenes show very unique photo-， electro-chemical and physical properties， which can be 
exploited in various biological fields. However， the solubility of fullerenes in polar solvents is 
known to be quite poor. Because of this property， biological application of白llereneshas been 
very limited. Recently， the preparation methods for water-soluble fullerene derivatives were being 
developed， and we also synthesize several water-soluble fullerene derivatives. We herein report 
the finding of the promoting effect of a water-soluble fullerene on growth of neurites of rat 
pheochromocytoma PC-12 cel1s血atwere differentiated by nerve growth factor (NGF). 
PC-12 cells were plated and grown in a growth medium containing 10 % horse serum and 10 % 
fetal bovine serum. For induction of neuronal phenotype， the medium was replace with白e
differentiation medium without serum， and the cells were treated with 50 ng/mL NGF in the 
presence or absence of the fullerene derivatives. After 72 h incubation瓜 37oC under a 
humidified CO2 incubator， PC-12 cells in neuronal phenotype were observed. In the presence of 
560μM of C6o/y-cyclodextrin (y-CyD) with 50 ng/mL ofNGF， the length of ne町iteswas increased 
as compared with由atof NGF alone (Figure). As a result， C601y-CyD enhanced the growth of 
neurites of PC-12 cells that were differentiated by NGF. The e妊ectsof fullerol and other 
water-soluble fullerene derivatives are under investigation. 

Figure The promoting effect of C601y-CyD on growth of neurites of PC・12cells th剖 were
differentiated by NGF a) NGF 50 ng/mL， b) NGF 50 ng/mL + C601y-CyD 560μM 
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Mechanisms of mechanochemical oxidation of fullerene under oxygen 
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Abstract: Solid-state organic syntheses were recently gathering interests not only on the 
standpoint of green-chemistry， but also企omthe viewpoint of unusual reactions under 
mechanica1 s回 ssingvia a mechanochemical route. Applications of mechanochemical 
reactions to organic chemistry and the analysis of their reaction mechanism are recently 
becoming an essential subject for mechanochemists. Solid-state mechanochemical 
reactions are widely applied to the chemical modification of C60 to overcome a notorious 
drawback oftoo low-solubility OfC60 in any conventional solvents [1]. 
From wel1-documented mechanochemistry of inorganic materials we learn that various 
types of la抗ice imperfections serveωan active center for the subsequent 
mechanochemical reaction. Unlike inorganic crystals， organic ones are mostly molecular 
crystals with much weaker cohesive forces of van der Waals in nature. Although simil紅
e:ffects紅eexpected on the organic substances， direct evidences of mechanochemical 
e宜ectson the organic molecules at the latlice points are yet to be explored. We therefore 
try in this study to discuss mechanochemical e民cton Cωin crystalline state by exerting 
mechanical s紅白singby simple milling devices under various atmospheres. 
As we bal1-milled crystallite C60 in O2 atmosphere， we observed formation of oxidized 
fullerene， C600n， containing C-O and C=O bonds as determined by infrared spectroscopy. 
It is known that the oxidation reaction of C60 under UV irradiation in 02 atmosphere 
takes place by the participation of 102， generated by energy transfer企om3C60牢，出 akey 
active species [2]. During the mechanochemical oxidation reaction， we also observed 
generation of 102 by ESR spin trapping method. Furthermore， oxidation reaction was 
inhibited with trapping 102 by addition of2，2ム6・te仕amethyl-4・piperidoneserving as a 102 
scavenging agent [3]. 

From those observations， we conc1ude that 102 is a key activate species in the present 
mechanochemical oxidation of C60・Wealso discuss about correlation between mechanisms 
of generation of 102 and inverse JahrトTellere:ffects [4] during mechanical stressing of C60・

References: 
[1] (a) K. Komatsu， Top Curr. Chem.， 2005， 254， 185. (b)町1Zhang， Hualong Pan， DougぬngLiu， Zhi-Xin 
Guo， Fushi Zhang， Daoben Zhu， Synthetic commun.， 2003， 33， 2469. (c) y:田吋註oMurata， Aihong Han， 
Koichi Komatsu， Tet1・ahedronLett.， 2003，44，8199. 
[2] (a) David 1. Schuster， Phil S. Baran， Russell K. Hatch， Ahsan U. Khan， Stephen R. Wilson， Chem. 
Commun.， 1998，2493. (b) 0且Danilov，I.M.Belousova， A.A.M紘，V.P.Belousov， A.S.Grenishin， V.M.Kiselev， 
A. V.Kris 'ko， A.N .Ponomarev， E.N.Sosnov， Opt.争ect1・'osc.，2003， 95， 833. 
[3] Yoko Yamakoshi， Naoki Umezawa， Akemi R:卯， Kumi Arakane， Naoki Miyata， Yukihiro Goda， Toshiki 
Masumizu， Tetsuo Nagano， J. Am. Chem. Soc.， 2003，125，12803. 
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Av訂ietyof functionalized fullerene (C60) derivatives have become available recently. 

No dye-C6o heteroconjugates， however， have been reported to date， despite the fact th瓜these

句rpesof derivative are potential candidates for future optical and electronic applications due 

to the extensive molecular orbi凶 (MO)interaction between the constituent moieties. 

Phthalocyanines (Pcs) are important classes of dye materials， and have found widespread 

industrial applications. Recently， our group has succeeded in synthesizing novel C60-Pc 

conjugates by using 1，2・dicyanofullerene出 oneofthe s阻.rtingmaterials [1]. In this conjugate， 

the C60 and PC units are linked directly and， therefore， the distance between them is 

minimized. Interestingly， spectroscopic properties of the conjugates are clearly different丘om

those of PC as a consequence of extensive MO mixing between the C60 and PC moieties. 

Quantum chemical calculations indicate白瓜 theexcited states of C60-Pc conjugates are 

sensitive to由erelative arrangement of C60 and Pc. 

In this study， we have attempted another synthetic approach to introduce C6Q moiety 

to the PC skeleton. We first prep蹴 da PC containing the pyridazine unit (1)， which was白地er

reacted with Cωin refluxing 1-chloronaphthalene for 2.5 h to give a novel C6o-Pc conjugate 

(2). Due to the open-cage C60 skeleton in 2，出ecomponent moieties are fixed in close 

prox也lIty.Synthetic methods and spectroscopic properties of 2 and its metal complexes will 

be presented in more detailed. 

13〈CN

R 
R=心C.u，

R=-OC.H. 
。)

[1] M邸uda， S.; Fuku也， T.; Kobayashi， N. Abst. The 28th Fullerene-Nanotube General砂mposium，2005， 

Nagoya， Japan， p. 116. 
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EndohedraI Structures of Eu@CS2 and Gd@CS2 

ONaomi Mizorogi1 and Shigeru Nagase1
•
2 

1 Department of Structural Molecular Science， The Graduate Universiηfor Advanced Studies， 
Okazaki 444・8585，Japan 

2Department ofTheoretical Studies， Institutefor Molecular Science， Okazaki 444-8585， Japan 

Endohedral metallofullerenes are known to have several unique properties. To apply these 
to new materials， it is important to c1arify the endohedral structures and e1ec佐onicproperties. 
M@CS2 (M=Sc， Y， and La) has been extensive1y investigated bo血 theoretically組 d
experimentally. It has been determined白紙 themetal atom is located at an 0百'-centered

position on the C2 axis adjacent to a hexagonal ring of C2v-CS2 cage by theoretical calculations 
and MEM/Rietve1t analysis of X-ray powder di百ractiondata. Recent1y， the endohedral 
structures of Eu@Cgz[l] and Gd@Cd2] have been determined by MEM/Rietve1t analysis. It 
has been shown出at血emetal atom is located on the C2 axis and adjacent to血eCーCdouble 
bond on由eopposite side ofthe C2v-CS2 cage， un1ike the M@CS2 (M=Sc， Y， and La) case. We 
report density functional calculations of the endoherdral structures and e1ec住onicproperties 
ofEu@CS2 and Gd@CS2・

References 

hexagonal ring side 

恥I{@Cs2(M=Sc，Y， La) 

by theoretical calculations 
and MEM!Rietvelt analysis 

M@CS2 (M=Eu and Gd) 
byMEM!Riet、reltanalysis 

c-c double bond side 

[1] B-Y. Sun， T. Sugai， E. Nishibori， K. Iwata， M. Sakata， M. Takata， H. Shinohara， Angew. Chem.44 (2005) 
4568. 

[2] E. Nishibori， K. Iwata， M. Sakata， M. Takata， H. Tanaka， H. Kato， H. Shinohara， Phys. Rev. Lett. 69 (2∞4) 
113412. 
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A New Metallofullerene Growth Mechanism n 

-AMechanism ofTwo orTh四eMetal Atoms Encapsulation・

Yohji Achiba 

Depar加lentof Chemistry， Tokyo Metropolitan University， 

Hachi吋i，Tokyo， Japan 

We have proposed a new fullerene network growth model by which several unknown 

factors related with the formation of stable endohedral metallofullerenes(Mx@C2n) are safely 

described. In this model， we proposed a specific carbon skeleton consisting of three fused 

hexagons coupled with isolated three pentagons， might be cal1ed“phenalenyl skeleton"， as a key 

carbon network(see Fig.l). In this model， we assume that at the first stage， carbon ring and/or 

chain clusters s旬rtto form carbon aggregates like a:“carbon nest"， as those demons回 tedin the 

previous s知dyof fullerene molecular dynamics simulations. In the carbon aggregates， we 

further assume that P(phenalenyl)-skeleton plays an essential role as a “center" of the 5・and

6-membered network carbon cage formation of a metal encapsulated metal1oful1erene. 

In this work， we here try to apply the p-center model 

to understand the process how the second or third metal atoms 

are entrapped in the cage. In Table 1， we summarized the 

numbers of the p-active centers for the metalofullerene cages 

with different sizes and symmetries. It is quite interesting to 

note that all the cages in which two 

or three metal atoms are safely 

entrapped possess at least four p-

center active sites. Furthermore， it 

should also be noted that the spatial1y 

relative position of each active site is 

very impo抗antto explain the specific 

cages for M2@C2n or M3@C2n・

Al1 the cage network having two or 

品
Fig.l 

Numbers 01 a P.圃cen胞'rActJve $;te and Metallo如'/Ierenes

Size Sym. ActJve slte Me担Ilofullerenos

66 C2v(NonIPR) Sc2@C回

68 D3(NonIPR) B Sc3N@C回

72 C2v(NonIPR) 8 La2@C72 

74 D3h 2 Ca@C74， La@C74 

76 Td 4 Lu2@C76， 
C2v(NonIPR) 4 Ca@C76 

78 D3h(5) 6 La2@C78，Ca曜~C78

80 u・(7) 20 La2@C闘，Sc3N@C80

82 C2v(9) 8 Ca@CIl2，La@CIl2 
Cs(6) e Er2@C82 
C3v(8) 旬。 Y2@C1l2 

C2(5) 4 Ca@C胞

C3v(7) 2 

Cs(4) 2 
84 

D2d(23) Sc2C2@C84 

Table 1 

three metal atoms inside seem to satis今thecondition in which two or血reep-center acive sites 

are located with each other with a certain long distance. 

E-mail: achiba-vohi i(a)c.metro-u.ac. iQ， Tel:+81-426-77・2534Fax:+81-426-77岨2525
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ESR Spectrum of La@CS2(Ad) Single Crystal 

ORyuheiN町aぺYutakaMaeda G)， Takatsugu Wakaharaη， Takahiro Tsuchiyaη， 
Kazuhir'O Takeuchiみ，Mak'Ot'O FukusmmaぺTakeshiAkasakaη， Tats叫lIsaKat'O"り*

J)Department ofChemistry， Josai University， Sakado 350-0295， Japan，ηCenter for 

Tsukuba Advanced Research Alliance， University ofTsukuba， lbaraki 305・8577，Japan， 

。Dψ'artmentof Chemistry， ToかoGakugei University， Tokyo 184・8501，Japan，。
lnstitute for Molecular Science， Okazaki・444-8585，Japan， 

The g-tens'Or 'Ofthe magnetizati'On 'OfLa@C82(Ad) (Ad=adamantylidene) single crystal 

was determined by the high-field (W-band) ESR spectr'Osc'Opy at vari'Ous temperatures， 

企'Om6K t'O 300K.百lesingle crystal 'Of La@C82(Ad) was recently synthesized by曲e

Gakugei and Tsukuba gr'Oup 'Of the auth'Ors， and the X-ray analysis gave it's 

unambigu'Ous crystal s仕ucture(l).It's ESR spectrum exhibits a very sharp single line at 

the g-value depending 'On the 'Orientati'On 'Of the crystal t'O the static magnetic field， see 

the left hand side figure.百lehigh-field (W-band) ESR spectrometer gives the precise 

g-tens'Or 'Of the crystal企omthe 'Orientati'On-depending analysis. The g-tens'Ors at vari'Ous 

temperatures are determined， and the anis'Otr'Opy 'Of the g-tens'Or decreases with 

increasing temperature. And the line width 'Of the spec佐山ndepends 'On the 'Orientati'On 

'Of the crystal and 

o ao 番号 事o120 150 I毒事
知話事川事事

References: 1)Y. Maeda et al.， J. A. C. S. 126(2004) 6858・6859.

bec'Omes sharp with 

increasing temperature， 

see the right hand side 

figure. The feature 'Of 

the anis'Otr'Opy and the 

line width reflects the 

magnetlc mteracti'On 

am'Ong m'Olecules in 

the crystal structure. 
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Synthesis and Characterization of Carbene Derivatives of La2⑧Cso 

o Chika Someya， 1 Michio Yamada， 1 Takatsugu Wakah紅'a，1 Takahiro Tsuchiya， 1 Yutaka 
Maeda，2 Takeshi Akasaka， 1 Naomi Mizoroge， and Shigeru Nagase3 

1 Center for Tsukuba Advanced Research Alliance， University ofTsukuba， Tsukub仏 Ibaraki
305-857スJapan

2 Department of Chemistη，おかoGakugei University， Koganei，おか'0184-8501，Japan 
J Institute for Molecular Science， Okazaki， Aichi 444・8585，Japan 

Encapsulation of one or more metal atoms inside hollow fullerene cages is of interest since it 

leads to new spherical molecules with novel properties unexpected for empty fullerenes. [1] 

Chemical functionalizations of endohedral metallofullerenes provide an entry into 

investigations of the biochemical and pharmacological potential of this fascinating class of 

compounds. Recently， we have isolated and characterized carbene derivative La@Cs2Ad 

(Ad = adamantylidene) prepared by the reaction ofLa@CS2 wi血 adamantanediazirine.[2] 

In this study， we report for the first time the synthesis and isolation of carbene derivatives of 

La2@CSO 3 and 4 which were prepared by the reaction of La2@CSO wi由 adamantanediazirine

1 and sugar diazirine 2， respectively.百leirstructures were determined by mass， absorption， 

NMR spec仕oscopicanalyses. The elec仕ochemicalproperties of 3 and 4 were also 

investigated by means of cyclic voltanlmetry. 

Scheme 

8+ 
&1' やそ9
1 

H OBn 
，. 

3 

BnBon'KOんト、ヨと7H』 -λF -4Hγ4'Ml、L、hOn¥ 4 辰吉』Nー，、
2 4 

[1] Endofullerenes: A New Family ofCarbon Clusters; Ak出aka，T.; Nagase， s.， Eds.， Kluwer: Dor，合echt，2002. 

[2] Maeda， Y.; Matsunaga， Y.; Wak油釘a，T.; Takah出，hi，S.; Tsuchiya， T.; Ishitsuka， M. 0.; Hasegawa， T.; 

Akasaka， T.; Liu， M. T. H.; Kokura， K.; Hom， E.; Yoza， K.; Kato， T.; Okubo， S.; Kobayashi， K.; Nagase， S.; 

Yamamoto， K. J. Am. Chem. Soc. 2004， 126， 6858. 
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100 Mobility Studies 00 Sc metallofullerenes 

OT. Sugai1， M.F.Jarrold2， H. Shinoh訂a1ム4

1 Department of Chemistり~ Nagoya University 
2Department o[ Chemistη~ Indiana sf，αte Universi砂

3Institute for Advanced Research， Nagoya University 
4CREST， .fI中anScience and Technology Agency 

Structura1 studies have been a main issue on metallofullerenes. NMR and X-ray 

di飴actionhave clarified their unique structures and properties. These methods， 

however， require isolated 加geamount of samples， which prevents us企omsystematic 

studies on cage size. For this p田pose，we have developed an ion mobility method and 

have cl紅白eduniversality of the carbide s加lctures[1] and their cage size dependence. 

百le Sc meta110fullerene samples are 

prep訂edby an arc discharge using Sc 

graphite composite rods. They were 

extracted and were desorbed and ionized 

with a XeCl laser. Thus produced ions were 

introduced into a企iftcell filled with He of 

500 Torr. After passing through the cell， the 

ions were mass selected and were detected to 

measure a世ifttime which is defined as the 

time difference between the laser shot and 

the ion detection. 

Figure 1 shows the mobility profiles of 
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various Sc di圃meta110fullerenes.where two 
Fig. 1 Mobi1ity profiles of Sc di-metallo釦llerene

species are identified. The drift time or the 

mobili守 differencebetween the two peaks corresponds to that between Cn and Cn-2 

fullerene cage meaning carbide and normal structures [1]. These series measurements 

show也剖 SC2C82+ tends to have也enormal SC2@C82 structures. The intensity ratio 

between the normal and the carbide shows maximum at C82， suggesting Sc 

di司metallofuellerenshave specia1 stability with C82 cage. For the higher or lower cage 

size， the ratio decreases indicating the carbide s佐山知reis dominant for these fullerenes. 

References: 
[1] T. Sugai et al.， J. Am. Chem. Soc. 123， 6427 (2001). 
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Fabrication and characterization of solution-processed 

Pd，・.C60polymer-based thin film transistors 

o Yukitaka Matsuoka 1，2， Kagan Kennan 1， Eiichi Tamiya1， Akihiko Fujiwara1， 2 

1 School of Materials Science， Japan Advanced Institute of Science and Technology， 
1-1 Asahidai， Nomi， Ishi知wa923-1292， Japan 

2 CREST， Japan Science and Technology Corporation， 
4-1-8 Honchou， Kawaguchi， Saitama 332・0012，Japan 

Over last few ye訂s，ubiquitous computing society， which provides infonnation and 
services anytime and anywhere， has been intense attention. In order to realize it， the 
development of low-cost and flexible， large-area devices like担 e-paperis important. It 
is demonstrated that Organic Thin Film Transistors (OTFTs) are considerably valuable 
for application to such devices because solution processes are available for the 
fabrication of OTFTs [1]. However， the contact resistance at interface between 
electrodes and organic semiconductor is comparable to or exceeds the channel 
resistance in OTFTs [2]. The contact resistance causes the degradation of the 
perfonnance of OTFTs. In the OTFTs， therefore， the decrease of the contact resistance 
is one of the most important issue to be solved. 
Recently， the immobilization of cytochrome c on C6o-palladium (Pd) polymer 
(Figure. 1) which was modified on Pt electrodes was reported， and the direct elec住on
transfer between the Pt electrode and the immobilized cytochrome c was observed [3]. 
This suggests that the Pt and C6o-Pd polymer are tight1y connected. 
We synthesized the C6o-Pd polymer and fabricated the TFTs with the C6o-Pd 
polymer active layer by the solution processes. The output characteristic of a C6o-Pd 
polymer TFT is shown in Figure. 2. This TFT shows n-channel behavior. The 10 first 
increased 1inear1y with Vos. This linear increase of the 10 suggests. low~ contact 
resi~tance. The field effect mobility and current on-off ratio were 3xlO-" cm，i.Ns and 
::::: 10"'， respectively. 
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Fi伊lfe1. Chemical Structure of a C60・Pd Figure 2. Output characteristic of a C6o-Pd 
polymer. polymer TFT. 

[1] C. D. Dimi佐akopouloset al.， Adv. Mater. 14，99 (2002). 
[2] P. V. Nec1iudov et al.， Solid State Electron. 47， 259 (2003). 
[3] F. D'Souza et al.， Bioelectrochemistη，66，35 (2005). 
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Fabrication of high performance fullerene field-effect transistor devices 

and their performance control 

o Takayuki Nagano1ぺKenjiOchi
1， Haruka Kusai1， Toshio Ohta¥ Kumiko Imai1ペ

Akihiko FujiwariぺandYoshihiro Kubozono1，2 

1 Department 01 Chemist.η¥ Okayama University， Okayama 700-8530， Japan 

2CREST， Japan Science and Technology Corporation， Kawaguchi， 322-0012， Japan 

3 Japan Advanced Institute for Science and Technology， Ishi知wa923-1292， Japan 

Field-effect transistors (FETs) with organic thin films have many advantages such as 

large-area coverage， structural flexibility， portability， and shock-resistance. The conventional 

Si02 gate insulators should be replaced by polymer gate insulators in order to bring out these 

advantages. 

We have first fabricated flexible fullerene FET devices with polymer gate insulators on 

the poly( ethylene terephthalate) (PET) substrates. The n-channel normally-off FET prop出 ies

were observed in the C60 FET device with polyimide gate insulator [1]. The field-effect 

mobility，μwas estimated to be ~ 10・2cm2 V-1 S-1 at 300 K. On the other hand， the n-channel 
normally-on FET properties were observed in the fullerodendron FET with polyvinyl alcohol 

(PVA) insulator. The ID -VDS plots ofthe fullerodendronlPVA FET is shown in Fig. 1. 

The high-carrier injection into the active layer is expected to achieve the low-voltage 

operation in the FET device. We have fabricated C60 FET device with high-dielectric gate 

insulator， Bao.4 Tio.6SrO.9603 (BST). The ID -VDs plots of the C6o/BST FET is shown in Fig. 2. 

Low-voltage operation was observed in the FET device. Application of fullerene FET devices 

in practical devices will be reported in this symposium. 
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Fig. 1. ID・VDSp10ts of ful1erodendronIPVA FET. Fig. 2. ID -VDS plots ofC601BST FET. 

[1] Y. Kubozono et al.， Appl. Phys. Lett. 87， 143506 (ο2005). 
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Japan 

32CREST， Japan Science and Technology Agency， Kawα!guchi， Japan 

Organic field e宜ecttransistors (FETs) are important considering白卸reapplications 

to electronic devices， and have intensively been investigated. In order to improve the 

properties of organic-FETs like C60 FET， the methodologies have not still been 

established. Especially， one of the most important key issues will be the interfacial 

problem between organic thin films and gate-insulators andJor electrodes and this is 

now drawing intense atientions. The surface con位。1using self-assembled-monolayers 

(SAMs) is a well known method as such a surface modification for providing 

microscopically good interface regulations. Such e宜icientsurface modifications have 

been reported to be achieved on Si02 gate insulators using silane molecules and on gold 

elec仕odesusing由iolones in the case of gold electrodes. 

In the present s佃dy，interfacial modifications of so町ceand drain gold electrodes 

using thiol molecules have been studied in detail for pentacene-FETs， using由reethiol 

molecules出 SAMswi由 differentfunctional groups， 4・methyl(4MeBzT)， 4・nitro

(4・NBzT)釦 d4・amino(4-ABzT) benzene血iolsand the organic FET properties have 

been investigated. The hole carrier mobility in organic-FETs can be increased by由e

SAMs modifications when the optimized preparation conditions are employed. 

Threshold-voltage (V th) has been success白llycontrolled depending on the end 

白nctional-substituentsof benzene由iolmolecules. The changes in V th observed in the 

present experiments are considered to be explained in terms of the charge住ansfer

occurring企omSAMs to pen旬.ceneor vice versa in the interfaces， which is also the very 

important in addition to the work functions to be modified with the SAMs treatment. 
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Fabrication of field-effect transistor devices with three types of 

fullerodendrons by solution process， and their electronic properties 
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2 Crest， .ft.苧anScience and Technology Agency， Kawaguchi， 322・0012，Japan 

3Graduate School ofEnvironmental Science， 0向yamaUniversi.収 Okayama700-8530， Japan 
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Solution-processed field-effect tr加 sistor(FET) devices have attracted special interests in 

their applications owing to low-temperature / low-cost fabrication processes. In this study， we 

have fabricated the FET devices with出reetypes of fullerodendrons by using solution process. 

百leirFET properties are also of interests from the viewpoints of supramolecular chemistry. 

百lemolecular structures of fullerodendrons are shown in Figure 1. 

The ful1erodendron films were formed on Si02/Si wafers by spin-coating of chlorobenzene 

solution of 白l1erodendron. 百le so町'ce and drain electrodes were formed on the 

fullerodendron films by thermal deposition of gold.百leFET properties were measured under 

vacuum of 10司6Torr. The value of field-e宜ectmobility，μof也efullerodendron (11) FET 

reaches 1.7 x 10・3cm2 V-1 S-1 at 300K.百lemobility gap and optical gap of fullerodendron (11) 

have been determined to be 0.30 and 1.4 eV， respectively，企omthe optical absorption 

spectrum and temperature dependence of resistivity. The electron transport is expected to 
... ，.冊

occur through overlap ofπ-orbita1s between the C60 moieties in 寸

白l1erodendron(11). It has been found丘om血etempera同問 。〆N-./γR
dependence of theμvalue制 thechannel conduction in the 不尽ρH
負Illerodendron (11) FET device fol1ows thermally activated Vずも

hopping-transport mechanism with activation energy of 0.21 e V. In 

this study， we have found from the properties of three FET devices 

that the suitable molecule for FET device is the ful1ereodendron 

molecule (11). 

References: 
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Resonance Raman Spectra of Polyyne Molecules 

T. Doi， and OT. Wakabayashi 

Department 01 Chemistry， School 01 Science and Engineering， Kinki University， 

Kowa初e3・4・1，Higashi-Osaka 577・8502，Japan 

Abstract: Recent1y， the hydrogen-capped linear carbon molecules， namely polyynes 

H( -CaC-)nH (n = 4-8)， were produced by a relatively simple me血odof laser ablation of 
carbonaceous particles in solution and characterized by their UV absorption spectra during 

the analysis using high-performance liquid chromatography (HPLC) [1]. For further analysis， 

surface enhanced Raman spectroscopy (SERS) was performed for the polyyne m江加reto 

observe ，..，2000 cm-1 bands， which are characteristic of stretching modes of the carbon chains 

[2]. Furthermore， in order to obtain purified s創nples血 macroscopicquantities， preparative 

HPLC and NMR characterization is in progress in our group [3]. In血isposter， we focus on 

our recent resu1ts of Raman spec位oscopyfor the polyyne molecules H(-C昌C-)nHof n = 5 and 
6 using the chromatographically separated samples in n-hexane. 

Figure 1 shows the Raman spec回 m with an excitation at 234 nm， which is in 

resonance to a wavelength within the dipole-allowed electronic absorption band below 252 

nm. The line with a Raman shift of 2120 cm-1 (designated部“1sb' in Fig. 1) is followed by the 

series of lines (2ベヂ， and 4th) exhibiting the characteristic intervals. According to血c

molecular orbital calculation (B3LYP/cc-pVDZ)，血eprogression is at住ibutedto one of the 

s住etchingmodes of the ClOH2 molecule. The decay upon UV exposure is also observed. 

References: 

[1] M. Tsuji et al.， Chem. Phys. Lett. 355， 101 (2002). 

[2] H. Tabata， M. Fujii， and S. Hayashi， private communications. 

[3] T. Doi et al. 29th Fullerene-Nanotube Genera1 Symposium， 2P-70 (2005). 
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日g.1. Resonance Raman spectrum of 
polyyne molecules ClOH2 in n-hexane. 
τne UV laser pulses at 234 nm (0.5 
mJ/pulse) are irradiated through the 
solution and the scattered light is 
dispersed and detected using a 0.3 m 
monochrometer. The Stokes lines of 
L1v= 1 -4 are observed with increments 
of 2120， 2105， 2090，組d2070 cm-1 

hr the r-lst，lsL2nd，2ad-3ベ3
rd-4血

gaps， respectively. The bands with 
asterisks are due to the Raman signals 
ofthe solvent molecules. 
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The ultrasonication power density effects on carbon nanotube dispersion in 

aqueous solutions 
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Recently， sonochemis句rwぉ successfullyapplied for nanotube colloidal dispersion 
in aqueous or organic solvents. The process of debundling is based on powerful cavitation 
effect and subsequent substitution of powerful nanotube-nanotube Van der Waals forces by 
surfactant micelles or polymer wrapping.百leultrasonication is a quite complex process and 
由erecent reports have been ambiguous with regard to the mechanism of nanotube dispersion 
in water [1・2].
In this work we are investigating the effect of ultrasonication p紅ameterson 

single-walled nanotubes (SWNTs) dispersion in aqueous solutions in order to understand the 
side reactions and their effect on nanotubes' properties. The ultrasonication is dependent on 
hom type， cup geometry， power density， reagent's puri句r，and dispersion agent type.百le
temperature reached during the ultrasonication in air could be a good indicator of power 
density of the ultrasound. 
We found that ul位'asonicationpower density is a key parameter for SWNTs 

dispersion. The pH of dispersion is decreasing during mild ultrasonication and is affecting由e
optica1 spectra of dispersion部 shownin Fig. 1.百lechira1 distribution is changing only for 
very high power energy ul佐田onication.
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[1]. D.A. Heller et al.， Carbon， 43， 651 (2005). 
[2]. B. Benedict et al.， J. Phys. Chem. B， 1097778・7780(2005). 
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Gas Analysis of CVD Processes for High-Yield Synthesis of 

Single-Walled Carbon Nanotubes 
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lC;raduate School of Engineering Sciences， K.戸lshuUniversity， Fukuoka 816-8580，.fI.中 an
.. Institute for Materials Chemistη， and Engineering， Kyushu Universi.砂andCREST-JST 

Single-walled carbon nanotubes (SWNTs) are attractive material for their unique electronic 
and mechanical properties. However， an industrial scale synthesis of SWNTs has not been 
achieved yet. Understanding the kinetics of nanotube growth in chemical vapor 
decomposition (CVD) reaction is important for the high yield synthesis. Here， we 
investigated the kinetics through the gas analysis during CVD reaction in terms of catalytic 
activity and lifetime. SWNTs were synthesized by the thermal pyrolysis of CH. over 
Fe-MolMgO catalyst [1]， and the exhaust gas was analyzed by a double-column gas 
chromatography (GC， Agilent 6890N). The methane conversion was determined by the 
amount ofreleased H2 and unreacted CH.. We mainly studied (i) roles ofMo as co-catalyst 
and (ii) e能ctsof water vapor to the nanotube growth. Fig. 1 shows the methane 
conversion出 a白nctionof reaction time. It was found that Mo co剛ca阻lystsignificantly 
improves the ca阻lyticactivity as well as the lifetime. This suggests that Mo stimulates the 
surface decomposition of CH. and also prevents企omthe catalyst poisoning. Addition of 
the appropriate amount of water into the CVD system (0.8阿nJl)was found to elongate the 
ca阻lystlifetime， as shown in Fig. 2. The water vapor is supposed to clean the sur白ceof 
由ecatalyst [2]. We also found that the water addition reduces the relative ratio of 
small-diameter nanotubes， resulting in the enrichment of large-diameter nanotubes. 百le
present study suggests that the gas analysis is an e宜ectivetool to clari命 thekinetics of 
SWNTs growth and to realize a high nanotube yield. 
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Purification of single wall carbon nanotube made by arc plasma jet method 
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In the arc plasmajet (APJ) method1)， a large amount of soot including single wall carbon 

nanotube (SWNT) can be made in a short time. However， a lot of impurities， such as 

amorphous carbon and catalyst metals， are included in the made soot besides SWNT. It is 

indispensable to remove these impurities to obtain pure SWNT. Here， we reported that it was 

able to puri命easilyin large quantities by reflux in the hydrogen peroxide solution using the 

iron particle. 

The most important problem to puri今APJ-SWNTis how ωremove an amorphous 

carbon attached to catalyst metals. In the heating method， SWNT burns simultaneously with 

an amorphous carbon because combustion tempera加resof amorphous carbon and SWNT訂e

close， the tempera印remanagement is di伍cult.Then， the purification by the reflux in the 

hydrogen peroxide solution is tried. However， an amorphous carbon cannot be removed only 

by usually reflux. Then， it refluxes mixing a small amount of iron particle to activate the 

oxidation reaction of the hydrogen peroxide solution. 

Figures 1 and 2 show TEM images of as-grown and purified APJ-SWNT， respectively. It 

is clear也剖thereis no catalyst metal and it is purified， though some血inglike a husk remain. 

Moreover， other experimental results show that the size of the iron particle greatly influences 

the effect. Those results show that it is possible to reflux more effectively by using smaller 

iron particles. 

Fig. 1 TEM image of as-grown APJ-SWNT Fig.2 TEM image ofpurifiedAPJ-SWNT 

References: (1) Y. Ando et al.， Chem. Phys. Lett. 323 (2000) 580・585
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Growth of carbon nanotubes on Si substrates with nanoprotrusions 
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1n a growth of carbon nanotubes (CNTs) by chemical vapor deposition (CVD) method， 
existence of catalyst particles is significantly important. We have found that existence of 
nanosized protrusions (nanoprotrusions) on substratre surface strongly influences to 
granulation of catalyst thin film that is deposited onto the substrate. Here we show e宜ectof 
nanoprotrusions on formation of catalyst nanoparticles and its influences to growth of CNTs. 
Nano-protrusions were formed on Si (100) by reactive ion etching (RIE). A detailed 
process for formation of the nanoprotrusions is described elsewhere [1]. 百ledensity of 
nanoprotrusions was 1010 cm -2 and averaged height of the protrusions was 107nm. After the 
formations of nanoprotrusions， titanium (Ti) bu能r白1mand iron (Fe) catalyst film were 
deposited by vacuum evaporation. Deposition of titanium with a thickness of 0.5 nm was 
followed by the deposition of iron with a thickness of 0.5nm. After the deposition of bu百er
and catalyst film， CNTs were grown by a thermal CVD. C2H2， H2 and Ar were used as a 
process gases. 百leflow rates of C2H2， H2 and Ar were 5， 30 and 120 sccm， respectively. 
百legrowth tempera如rewas 700 oC. The grow由timewas 5 min. 
Fig.l (a)加 d(b) are TEM images of the CNTs grown on substrate without and with the 
nanoprotrusions， respectively. Multi-walled structure was seen for both cases. Averaged 
diameter of CNTs grown on the subs仕atewith the nanoprotrusions was about 6 nm， which is 
about a half of the diameter of the CNTs grown without the nanoprotrusions (10nm). 
Diameter distribution of CNTs was also decreased drastically by using the substrate with 
nanopro仕usion. Detailed examinations showed that the reduction of the diameter stems 
仕omdifference of granulation behavior between the substrates with and without the 
nanoprotrusions. 

(a) (b) 

Fig.l TEM images of the CNTs grown on substrate (司 wi出outnanopro回 sions，(b) with 
nanoprotrusions 

[1] H Sato， T. Sakai， M. Matsubayashi， K. Hata， H. Miyake， K. Hiramats岨，A. Oshita， and Y. Saito， Vacuum 
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Dispersion behavior and spectroscopic properties of SWNTs in various 

biopolymer solutions 
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12-1 Funagawara-machi， Shi弓;uku・ku，おか'0162・0826，Japan 

We have developed the novel dispersion and purification procedures of single wall carbon 
nanotubes(SWNTs) using biopolymers1J• Recent1y， we found the cationic polysaccharide 
chitosan is an efficient dispersion agent for SWNTs.lJ. The spectroscopic properties of 
chitosan・SWNTsdispersion are different丘omsodium dodecyl sulfate(SDS)-SWNTs 
dispersion in acidic conditions. In this paper， we discuss the di首位enceof spectroscopic 
characteristics of出eSWNTs dispersed in chitosan and SDS solutions. SWNTs s置nple山 ed
in this study were HiPco SWNTs. HiPco SWNTs was mixed wi由 SDSID20and chitosanl2% 
acetic acidID20s01ution and then treated using an ultrasonic disruptor for 60min.百le
obtained dispersions were ultracentrifuged to remove large bundles. The SDS-SWNTs (pH 6) 
and chitosan-SWNTs (pH3.7) dispersion liquids were labeled S and C-SWNTs， respectively. 
In order to confirm pH effect for the absorption spec住aof S-SWNTs， the pH of the S-SWNTs 
dispersions was changed with O.lM HCl solution after centrifugation. This sample was 
labeled AS-SWNTs (pH 3). Fi伊reshows the UV -vis-IR absorption and NIR emission spectra 
of S， AS， and C-SWNTs， respectively. The spec住oscopicfeatures were very di宜erent.The 
S-SWNTs showed well resolved peaks， but， for AS-SWNTs， peaks in semiconductor range 
disappeared in both absorption and emission spec回.On the other hand， C-SWNTs showed a 
simi1ar well resolved peaks under the acidic condition. This means chitosan is efficiently 
protective against the protonation of SWNTs. In addition， Emission and Raman spectra 
suggest由.atchitosan could be a chiral separation agent for SWNTs. 
百ledetail experimental conditions will be discussed in the presentation. 
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Figure UV-vis-NIR absorption spectra of S-SWNTs(白shline)， AS-SWNTs(dotted line)， 
釘吋C-SWNTs(ful1line).The inset shows emission spectra ofthe same samples under 
720mn excitation.百leemission intensitv ofS-SWNTs was decreased 10times. 
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Selective Chemical Vapor Growth ofVertically Aligned Carbon Nanotubes 

onPa批emedMetal Layers 

oHirokiO加yama，Nobu)'l水iIwata and Hiroshi Yamamoto 

Col/ege ofScience andTechnolog){ Nihon University， Funabashi， Chiba 274・8501，Japan

It is necessary to pl1叩aren佃何回ledprobes and to control aω:urate approaching toward 

specimen for me郡山恒gelectronic propαties of nano回甜uc加redspecimen. CNTs have many 

unique characteristics，おrexample， high mechanica1 s悦ngth，t1exibi1ity and high ele凶 ic

conductivity. Fur伽 moreCNTs grow f拘置non1y血leparticles ofω均st，and the gro叫 1direction 

is∞ntroll油leby applying elec仕icfields during CVD. 百losecharacteristics eU宅appliedto prepare 
novel vertically aligned CNT (VACN1) probes血atare e猫 ytop陀P釘eand to handle. In出iswork， 

we demonstrate血epro切 ssfor selective growth ofVACNTs on pattemed metallayers. 

A Ni catalyst and a Mo metaI layer were deposited on a q回抱sub紺蹴伽ougha metaI mask. 

百leboundary of the metaI pat旬mw，稲preparedωbecome也ingradua11y.百leCNTs were grown by 

Thermal-CVD and dc Plasma-Enhanced-CVD method. 百lereactor加beof the CVD equipment 

was heated up to 600 oC. The t10w of C2~ : H2 : Ar (5 : 50 : 50ωm)w.出血ltroducedinto出c
reactor加he. 百lewo止ingpressure w出自xedat 2 kPa. A dc voltage and current w.部開250Vand

O.3A間早ectively. 百legrowth time was 5 min. 

Figure 1 (a) and (b) shows SEM images ofthe CNTs grown by the T-CVD and the PECVD 

me出odsresp倒的ly. By低下CVDm拙叫 CNTswi白 15nm diameters 伊 :wwi由 random

directions. 百leCNTs grew at near出eboundary of the metal pa伽mwhere血esurfi邸 eofthe Mo 

films was rough and porous. 百lewid血ofthe CNT grown問:gionwas about 30凹n. In con回st，

no CNTs grew on the smooth Mo surfaces. In the case ofPECVD me血吋，VACNTswi也30nm

diameters grew up a11 over白epat低m.

百lereason why CNTs gr芯wat near血eboundary by T-CVD is血at也eNi伺旬ly路島Irmed血le

particles at血eregion. 百leNi cataIys包didn'tbecome曲leparticles on血esm∞也叩由∞ofMo

due 加白ehigh wettabi1ity. Rough morphology of血eMo underlayer promoted由eNi catalyst to 

become fine pruticles. But in theωse ofPECVD， in∞ntrast， CNTs grew on the sm∞由surfaceof 
Mo. 百lisresult suggests the plasma promoted the Ni ω，taIyst旬 become血児particles.

Conclusively it was 

demons仕ヨ鉛d血ata selective 

grow血ofCNTswas realized by 

controlling the血icknessof the 

underlayer， and using di民間lt

kind ofCVD methods. 

Corresponding Au血or:Hirok:i Okuyama 
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Fig. 1. SEM image of出eboundarv betw田nmetal oattem and subs甘ate.
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Preparation of Carbon Nanowires by Using 

Carbon Electrode Containing Fe Catalyst 
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Carb'On nan'Owires (CNWs)， which is a 'One-dimensi'Onal (1D) carb'On chain inserted 

inside a multiwalled carb'On nan'Otube (MWNT)， have been prepared by dc arc discharge 

evap'Orati'On 'Ofpure carb'On electr'Ode in H2 gas
l
). Here， we sh'Ow出atthe evap'Orati'On 'Of 

carb'On electr'Ode c'Ontaining Fe catalyst by using an arc plωma gun2) 'Or hydrogen arc 

discharge als'O results in the f'Onnati'On 'Of CNW s. 

Figure 1 sh'Ows a句rpicalSEM image taken企'Omthe surface 'Of the cath'Ode dep'Osit， 

prep紅edby dc arc discharge evap'Orati'On 'Of carb'On electr'Ode c'Ontaining 1 at% Fe 

ca抱lystin H2 gas under a press町'e'Of 40 T'Orr. Many l'Ong MWNTs bundles Can be seen 

in this figure. Alth'Ough 1剖%Fe cata1yst has been added int'O carb'On electrode， energy 

dispersi'On X-ray analyses indicate that n'O Fe element c'Oexist wi由theseMWNTs.百le

R田nanspectra 'Obtained by using tw'O kinds 'Of laser s'Ources， 514 and 633 nm， are 

sh'Own in Fig. 2. The high-graphitizati'On 'Of MWNTs can be c'Onf・inned企'Omtheir GID 
rati'O. The peaks at approximately 1850 cm-I 'Originate仕omthe l'Ong 1D carb'On chains 

inserted inside MWNTs， and the str'Ong RBM peaks剖 328佃 d389 cm-I (see the inset) 
c'Ome fr'Om the innenn'Ost tubes wi由 diameters'Of 0.7 and 0.6 nm 'Of MWNTs， 

respectively. It can be c'Oncluded that the preparati'On 'OfMWNTs with very thin cen凶 l

h'Oles (~0.7 nm in diameter) is the essential c'Onditi'On f'Or CNW gr'Ow由.

1300 1400 1500 曲 1700 1800 ・00
Raman Shift (cm-') 

Fig. 1. SEM image 'OfMWNTs. Fig. 2. Raman spectra 'Of MWNTs. 
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Coalescence of C60 in a peapod under electron irradiation 
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3 Department 01 Chemistry， The University olTo匂叫 HongoBunか'o-ku，おか0，Japan 

Coalescence of C60 peapod is analyzed 企'Omhigh-resolution transmission electron 

microscopy at 120 kV. At room temperature， isolated C60 molecules dimerize at a 

smaller electron dosage (Fig.1 bottom)， while closely-packed C60 molecules preserve 

their s岡山間 tomuch higher electron dosage (top). It is expected with a smaller 

electron dosage th剖 aninjected charge or heat be localized within a molecule， resulting 

in a coalescence of C60 molecules in a peapod with a small dosage. With a shorter 

distance among closely-packed C60 molecules， on the other hand， charge or heat would 

be delocalized to adjacent molecules， which stabilizes由eC60 structure against electron 

irradiation. At higher electron dosage， knock-on damage in addition to the ionization 

becomes substantial， resulting in higher coalescences of C60 molecules in a peapod. A 

detailed analysis of radiation damage in C60 peapod is applied to interpret the stability 

ofC60 crys阻1，which shows much higher stability against radiation damage. 
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Fig.1 A different sensitivity to the radiation dose in C60 peapods. The larger the C60 

distance becomes (top to bottom)， the faster C60 molecules coalesce. 

References: Urita， K. et al. Nano Le悦.2004，2451-2454.
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Large Scale Production of Carbon Nanohorns with High Purity 
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Single-wall carb'On nan'Oh'Oms (SWNHs) are a type of single-wall carb'On nan'Otube having 
diameters 'Of 2--4 nm and h'Om-shaped tips [1]， and they f'Orm dahlia-like aggregates. Their 
unique structures make SWNHs well suited f'Or vari'Ous applicati'Ons such邸 ca旬lystsupp'Ort 
f'Or fuel cells [2]. SWNH aggregates are produced by C02・laserablati'On 'Of pure graphite in an 
Ar-gas atm'Osphere [1]. The highest SWNH p町ityprevi'Ously achieved is ab'Out 90% [1，3]. In 
this report we describe h'Ow we achieved a purity 'Of ab'Out 95% by impr'Oving the fabricati'On 
equipment. 
We m'Odified the C02・laserablati'On appara加ss'O th剖 alarge graphite rod (diameter 100 
mm; length 500 mm) can be泊sertedand s'O that也eused r'Od is semi-aut'Omatically replaced 
with a new 'One. This enables continu'Ous laser irradiati'On. We als'O 'Optimized the laser ablati'On 
c'Onditi'Ons. The target r'Od is r'Otated at 2 rpm， me副首ng血atthe laser sp'Ot vel'Ocity 'On the target 
surface is ab'Out 10 mm/s. The laser p'Ower is ab'Out 3.5 kWand the sp'Ot diame旬ris 3.5 mm， 
c'Orresp'Onding t'O a laser p'Ower density 'On the target surface 'Of ab'Out 30 kW/cm~. As a result， 
ab'Out 50 g 'Of SWNHs can be 'Obtained企om'Onerod.
Figure 1 sh'Ows the results 'Of therm'O gravimetric analysis (TGA) 'Of SWNHs 'Obtained wi也
the impr'Oved equipment. The SWNHs 
exhibited a main peak at ab'Out 600-C and 

a small peak at ab'Out 750 C. The 750 C 
peak is ascribed to an impurity 
c'Omp'Onent (ab'Out 5%) in the f'Orm 'Of a 
giant graphite ball (GG ball) [3]. Little 
am'Orph'Ous carb'On was f'Ound. The purity 
'Of the SWNHs w;ωthus ab'Out 95%. 
Transmission elec仕'On micr'Osc'Opy 
'Observati'Ons c'Onfirmed the high purity 
andthe “dahlia-like" f'Orms 'Ofthe SWNH 
aggregates (diameters 80-120 nm). 

The improved equipment can thus be 
used for large-scale producti'On 'Of 
SWNHs with high p町ity.
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OHideki Mori1， Shigenobu Oga阻2ム

lDepar帥lentof Physics and Electronics， Osa初 Pr，ψctureUniversi帆
1-1 Gakuen-cho， Sakai， Osaka 599・8531，Japan. 

2Center for Atomic and Molecula Technologies.， Osaka University， Osaka 565・0871，
Japan 

3 Department of Mechanical Engineering， -Osaka Universi収 Osaka565・0871，Japan 

4 Handai Frontier Research Center， Graduate School of Engineering， Osaka University， 

2・1Yamadaoka， Sui，ω~ Osaka 565-0871， Japan 

Getting control over plastic defonnation of carbon nanotubes (CNTs) is vital to 

prep紅efunctional elements for miniaturized electronic and mechanical devices. 

Recently， Nakayama et al. have succeeded in induction of a plastic bend defonnation to 

double-walled CNTs by applying a current flow.[l] Although many theoretical s加dies

have been reported in the last decade， a mechanism from a standpoint of 

thennodynamics remains obscure. In this work energetics of the plastic defonnation of 

single-walled CNT is studied. 

Stone-Wales (SW) defect is known as a 

topological defect of CNTs. The fonnation of 

this defect is an initiation. Then the SW defect 

splits into two pentagon-heptagon (p四h)pairs by 

a rotation of a neighboring bond.百世SIS由efirst 

split step.百letwo p-h pairs move away each 

other by further bond rotations and the chirality 

in the domain between the two p-h pairs changes 
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consequently. These steps are the 2nd， 3rd， ---split 

step. The separating of the two p-h pairs causes the 

plωtic bend defonnation to carbon nanotubes. 

Fig.1 (a) snapshot of a SW defect. 
The potential energy plotted along 
the path of defect migration with (b) 
no-load condition， (c) tensile 
condition and (d) bending condition 

We found that the local strain due to 

mechanical loading defonnation efIectively decreases the activation energy and the 

fonnation energy of the SW defect nucleation and splitting of the defec臼ωshownin 

Fig. 1. These theoretical results are consistent with the previous experimental result. 

References: [1] Y. Nakayama et al.， Jpn J. AppL Phys. 44 L720.(2005) 

Corresponding Author: Hideki Mori， Tel&Fax: +81-72-254・9265，

E-mail: mori@dd.pe.osakafu-u.ac.jp 

-173-



3P-29 

FET Properties of Surface Silylated Carbon Nanotubes 

ORyotaro Kumashiro1， Hirotaka Oh出.hi1，Takeshi Ak出aka2，Yutaka Maeda3， 

Takeshi lzumida4， Rikizo Hatakeyama4 and Katsumi Tanigaki1，5 

1 Graduate Schoo/ of Science， Tohoku Universi砂¥Sendai， Japan: 2 Center for Tsukuba， 

Advanced Research Alliance， Universi砂ofTsukuba，Tsukuba， Japan: 3 Department of 

Chemistη，おかoGakugei Universi収おか0，.fIψan: 4 Graduate School of Engineering， 

Tohoku University， Sendai， .fI正l]Jan:5 CREST， Japan Science and Technology Agency， 

Kawaguchi， Japan: 

Carbon nanotubes (CNTs) have a bright prospect出 theelectronic material for 

nano・scaledevices in the fu加re，and a large number of studies have been made in recent 

years. In particular， it is wel1 known that the field effect transistors (FETs) fabricated by 

CNTs having semiconducting properties show high ability in terms of the mobility. 

However， carriers in pristine CNTs are mostly hole， therefore， CNTs-FETs usually show 

吐lep-句rpeproperties. For applying CNTs to electronic devices， it is necessary to control 

the both carriers of electrons as well as holes， that is，出eelec位oncarrier doping should 

be established. As electron carrier doping techniques for CNTs， two m司ortechniques 

are generally possible. One is endohedral and the other the exohedral modifications. It 

has been known that由edoping with alkali meta1s or organic molecules can change the 

properties of CNTs-FET [1，2]. We reported the FET 

properties of exohedral1y modificated CNTs using 

Si-containing organic molecules in the last meeting [3]， 

and demonstrated也at p-type nanotubes can be 

converted to n-type ones鎚 shownin Fig.l. In this 

meeting， we will present comparison of the FET 

properties between separated individual and bulk 

samples of exohedral1y silylated CNTs， and wil1 

discuss the effect of surface silylation on the elec佐'OillC

states of these CNTs in more detaiL 
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[1] C. Zhou et al.， Science， 290， 1552 (2000). [2] T. Takenobu et al.， Nature Materials， 2， 683 (2003). [3] 

R. Kumashiro et al.，百le29也Fullerene剖anotubesGeneral Symposium， 3-2 (2005). 
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High Field Magneto-optical Study of Unbundled Single-walled 
Carbon Nanotubes to 120 T 

OHiroyuki Yokoi1， Noritaka K町oda1，Yeji Kim2， Kanae Miyashita2， Said Kazaoui2， 

Nobutsugu Minami2， Eiji K吋ima3，Kaz出 toUchida3， Shojiro Takeyama3 

lDept. ofMechanical Eng. and Materials Sci.， Kumamoto Univ.， 2-39-1 Kurokami， 

Kumamoto-shi， Kumamoto 860-8555 

2Nanotechnol. Research lnst.， Nat'! lnst.of Advanced lndustria! Sci. and Technol.， 

Higashi， Tsukuba， lbaraki 305-8565 

3lnst.for Solid State Phys.， Univ.ofToわ叫KashiVl仰 oha，KashiVl叫 Chiba277-8581 

Single-wal1ed carbon nanotubes (SWNTs) have cylindrical structure made of a graphene 

sheet， which leads to theoretical predictions of their novel properties， including the 

emergence ofthe Aharonov-Bohm (AB) effect when threaded wi出 amagnetic flux. [1] 

Ap訂t丘omthe AB e宜ectobserved in nanometer-sized structures of semiconductors，出e

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・opticalstrudies in magnetic fields to 45 T by Zaric et a1. [2] However， no 

variations were observed for the second-subband gaps of semiconducting tubes and 

metal1ic tubes， which would be at佐ibutedto the innate broadness of the corresponding 

abso中tionpeaks. We have conducted interband magneto・absorptionstudy in the visible 

light region for highly unbund1ed SWNTs embedded in gelatine or 

carboxymethylcellulose films under high magnetic fields up to 120 T. Absorption peaks 

originated丘omthe second-subband gaps in semiconducting tubes and metallic tubes 

were observed to split by the application of magnetic fields in parallel to the linear 

polarization of the incident light while not in perpendicular to it， which confirms a 

manifestation of the AB effect in the band structure of metallic tubes as well as 

semiconducting tubes. These observations suggest the magnetic field induced 

metal-semiconductor transition in the metallic tubes strongly. 

[1] H. Ajiki and T. Ando， 1. Phys. Soc. Jpn. 62， 1255・1266(1993). 

[2] S. Zaric et al.， Science， 304， 1129-1131 (2004). 
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Environmental effects of PLlRaman spectra from suspended SWNTs 

Qy. Kobayashit， D. Takage and Y. Homma2 

lNTTBωic Research Laboratories， NTT Corporation， Atsugi-shi 243・0198，Japan 
2 Tokyo University 0/ Science， and CRES1χ1ST， Shinjuku-ku， To匂'0162・0825，Japan 

Suspended single-walled carb'On nan'Otubes (SWNTs) d'O n'Ot make c'Ontact with f'Oreign 
materials such as a substrate， and environmental interacti'On， which a宜ectsSWNT 
'Optical properties， is expected t'O be reduced significantly. We have investigated 
'Optical properties 'Of suspended SWNTs and 'Observed extremely intense signals 'Of 
ph'Ot'Oluminescence (PL) and Raman spectra [1，2]. In this w'Ork， we examined the 
envir'Onmental effects due t'O SDS wrapping， Si 'Oxide substrates and bundle f'Ormati'On， 
based 'On PL and Raman spec回'Obtained企'Oman identical suspended SWNT [2]. 
百lechirality 'Of a specific SWNT gr'Own by CVD between a pair 'Of Si02 pillar can be 
determined by the c'Ombinati'On 'Of Raman and PL signals企'Omthe identical suspended 
SWNT. The analysis results are summarized in Fig.lωthe relati'On between the 
chiralities 'Of each SWNT and RBM企equencies. The RBM丘'equenciescan be better 
自社edusing the equati'On RBM仕eq.ω[cm-1]=223.5/diameterd[nm]+12.5， which is 
based 'On the res叫tsf'Or SDS-wrapped SWNTs [3]， rather由anthe eq田.ti'Onω=248/d，
which is derived企'Om the results 'On Si 'Oxide substrates [4]. In 'Other w'Ords， 
environmental effects in Raman spectra紅'every str'Ong f'Or 'Oxide subs回.tesand cause 
higher frequency shifts 'Of the RBM signals but are negligible f'Or the SDS wrapping. 
The latter result f'Or SDS wrapping makes sharp c'Ontrast with the PL spec仕a， in which 
all 'Of the PL peaks fr'Om SDS-wrapped SWNTs [1・3]紅eclearly shifted fr'Om that 'Of 
suspended SWNTs.百世sindicates that SDS wrapping has a significant envir'Onmental 
e能 ct'On PL spec仕ac'Ompared wi由Ramanspectra. The 'Observed systematic shift t'O 
l'OwerRBM企equenciesdue t'O bundle f'Ormati'On by ab'Out 5 cm-1 is quite c'Ontrary t'O血e
the'Oretical predicti'On [5] and als'O intuitive expectati'On.百四seresu1ts indicate very 
c'Omplicated features 'Of environmental effects. 

References: [1] J. Lefebvre et al.: Appl. Phys. A78 
(2004)1107. [2] Y. Kobayashi et al.: 29th Fullerene 
Nanotubes General Symp. lP-55 (Kyoto， July 2005). [3] 
B. Weisman et al.: Nanole伐.3(03)1235. [4] A. Jorio et 
al.: PRL86(2001)1l18. [5] L. Henrard et al.: PRB 
64(2001)205403 
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Fig.l: Relati'On between analyzed chiralities 'Ofindividual (s'Olid circles) and bundled 
(s'Olid squares) suspended SWNTs and RBM仕'equencies'Observed企'Om 由em.
Calculated丘equenciesbased 'On refs.[3，4] are als'O pl'Otted f'Or c'Omparis'On. 
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Raman study of laser-induced defects in single-wall 
carbon nanotube bundles 

OTakashi Uchida， Masaru Tachibana and Kenichi Kojima 
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22・2Seto， Kanazawa-初，ゐkohama236-0027， Japan 

Defects in single-wall carbon nanotubes (SWNTs) significantly affect the physical 
properties of SWNTs. Evaluating and controlling of the defects in the SWNTs are very 
important for characterization and nanotechnological application of the SWNTs. Resonant 
Raman spectroscopy has been shown to be a powerful tool for characterizing the structure of 
SWNTs. In the Raman spectrum of the SWNTs， defect-induced Raman band (so-called D 
band) is observed at ~ 1350 cm'l. It is known出atdefect-induced D band originates 合omthe 
double resonance process. Howeve巳 thestructure of the defect related to the D band 
formation is not understood yet. In由isstudy， we investigate the defects in SWNT bundles 
due to the laser irradiation using the resonant Raman spectroscopy. 

百leSWNT bundles using in this s佃dywere produced by electric arc discharge 
method. A catalyst with a 1: 1 Ni:Y atomic ratio was used in the synthesis. Laser irradiation 
was carried out with pulsed KrF excimer laser (LAMBDA.physic， COMPEX 205).百le
Raman spectra were acquired on a micro-Raman system (NRS-l 000， JASCO) composed of 
an optical microscope (X 100 objective)， a holographic notch filter， a single-grating 
spectrometer (1800 gr/mm grating) and an air-cooled charge-coupled device(CCD) detector. 
百lespectra excitation was provided with a Nd;YV04 laser of a wavelength of 532 nm. The 
excitation laser power in the focal spot of about 1μm in diameter was kept below 0.02 m W， 
which corresponds to an average laser power density of2 kW/cm2.百lemeasurements were 
performed using a back-scattering geometry. 

Raman spectra of SWNT bundles including RBM， D band and G band were 
obtained before and after irradiation (Fig.l).百leintensity of the D band relative to the G 
band (IdIG) being roughly 
proportional to the amount of the 
disordered Sp2 carbon is about 0.01 
before irradiation.百leIdIG increased 
five-fold after irradiation. This 
indicates that the defects were 
introduced to the SWNTs by laser 
irradiation. In the meeting， the 
characteristic of the defects wil1 be 
discussed by comparing TEM 
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Abstract: 

Double walled carbon nanotube (DWCNT) is a multi-walled carbon nanotube 

(MWCNT) that has the lowest number of layers. While most of MWCNTs have 

incomplete carbon layers， DWCNTs have c10sed cylinder s回 C仰向 likesingle-walled 

carbon nanotubes (SWCNTs). Thus DWCNTs can be regarded部組 idealmaterial to 

see inter1ayer interactions in carbon nanotubes. To date， many groups have synthesized 

double-walled carbon nanotubes (DWCNTs) by ca旬lyticchemical vapor deposition 

(CCVD) technique. In most cases， however， as-grown sample contains SWCNTs as 

impurities. Since SWCNTs show much more intense optical response than multi-layered 

nanotubes， it is very important to remove SWCNTs to see intrinsic physical properties 

ofDWCNTs. 

In this work， high-purity DWCNTs sample was realized by a simple production and 

purification procedures. DWCNTs containing SWCNTs sample was produced by 

CCVD method using Fe catalyst and was purified by a simple treatment. Finally we 

obtained high叩mlitybucky paper ofDWCNTs just like the bucky paper ofDWCNT by 

Endo's group [1]. Raman spec回 andoptical abso中tionspectra of the DWCNT will be 

discussed. 

References: 

[1] M. Endo et al. Nature 433 (2005) 476. 

Corresponding Author: Hiromichi Kataura 

E-mail: h・kat鍋 ra<maist.eo.iD

Tel: 029・861・2551，Fax: 029・861-2786

-178-



3P-34 

Lithium Ion Storage Property of Peapod 

OS. Kawasak:ia， Y. Iwaia， I. Watanabea， H. Kataurab 
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Gokiso， Showa， Nagoya 466-8555， Japan 
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Single-wal1ed carbon nanotube (SWNT) bundle having ordered porous structure is 

one of由egood candida臼sas new anode materials for li吐l1umIOn se∞ndary ba抗ery.
However， according to a recent paper[1]， tube interior does not actぉ ane:fficient si白

for the lithium ion storage. If li出iuminsertion inside the旬bewil1 be possible， the 

storage capacity of SWNT bundle wil1 be much improved. C60・peapod，a SWNT 

including C60 molecules inside the tube， has a different tube interior environment丘om

empty SWNT. In this study， we report on the storage capacity of the peapod sample. 

SWNT samples used in the present study were prep紅'edby laser-ablation method. 

The同bediameter was estimated to be 1.35-1.45 nm by Raman scattering (JASCO， 

NRF・2200)measurement of radial breathing modes (RBM) ， by TEM (JEOL， 

JEM-2010)加 dXRD (Rig法u，RINT・2200)measurements. For the prep町ationof 

C6o-peapod sample， after decapping血eSWNTs， C60 molecules were introduced into 

tubes by heating C60 powders with SWNTs in a sealed qu紅白tube.The C60・occupancy

of仕lepods was estimated to be more than 80% by the decrease of (1 0) XRD diffraction. 

The discharge-charge (DC) experiments were performed using three electrode 

coぱiguration.The peapods and SWNTs were used出 theworking electrode and Li 

metal is used as the reference and counter elec仕odes.

1 M LiCI04 solution in 1: 1 ethylene carbonate and 

diethyl carbonate mixture was used as出eelctrolyte. 

The potential profile of the peapod sample from ミ

the galvanostatic DC experiment is shown in Fig. 1. 

The reversible capね tyis about 210 mAh/g and is 

about 1.3 times greatぽ than也，atofthe empty SWNT 

sample. In the symposium， we will also discuss the 

lithium ion storage site. 

。 1α氾
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[1] S. Komiyama et al.， Tanso， 25 (2005). 
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Energetics of Graphene Intrinsic Defects 

Kazuaki Yamashita and OMineo Saito 

Division 0/ Mathematical and Physical Science， Graduate School 0/ Natural 
Science& Technology， Kanazawa Universi.私Kakuma-machi，Kanazawa 920・119

Graphenes部 wellas carbon nanotubes recently attract much atlention since血ey紅e

candidates for nano device materials. To achieve nano devices， control of defects is very 

important as in the case of silicon technology. Compared with conventional silicon 

device，也eeffect of defects is expected to be very serious because of the low 

dimensional conductivity. Therefore， the study of defects in carbon materials is invoked. 

In this paper， we perform first principles calculations on fundamental intrinsic defects， 

mono-and di-vacancies and mono-and di-interstitial (adatom) defects. It is found由at

the divacancy forms pentagon-octagon-pentagon structure and is very stable. The 

reaction、 2V→V2 is found to be exothermic and the reaction energy is very 1訂ge

( 7.71 eV). Since the divacancy is very stable， its migration energy is expected to be 

higher than由atof monovacancy. So， we speculate由剖thedivacancy is experimentally 

detectable in some temperature range. 

In the most stale di-interstitial s仕ucture，two adatoms make bonds to graphene sheet 

and form two pentagons. Because ofthis pentagon formation， the di-interstitial defect is 

found to be stable， i.e.， the reaction， 1+1→h is exothermic and the reaction energy is 

very large (6.0 eV). We血usexpect th剖 thedi-interstitial defect is detectable in some 

temperature range. Since the migration energy of mono-interstitial defect is expected to 

be lower than出atof mono-vacancy， the temperature at which由ediinterstitial defect is 

detected is lower血m血atat which the divacancy is deteced. 
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Suspended SWNTs Functionalization witb DNA and Metal Nanoparticles 
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We have performed nanotube functionalization to create nanotube-based novel hybrid 

structures白紙canbe applied to biosensors and electronic devices. DNA and Au nanoparticles 。W)were selected for nanotube functionalization due to their specific assembling property. 
Suspended single-walled carbon nanotubes (SWNTs) were synthesized using ferritin 

molecules by CVD [1]， and functionalized by amide coupling process [2].百lIolatedsingle-

strand DNA (ss・DNA，15 mer) was used for coupling with Au NP (5幽nmdiameter). Finally， 

SWNTs were modified with Au NP [Figs. l(a)， (b)] or Aulss-DNA [Fig. l(c)]. The density of 

Au NP along the SWNTs was control1ed by the time of the amide coupling. 1n contrast to the 

Raman result of pristine tubes， additional peaks， which should not be resonant with a probe 

laser (633 nm)， appeared in the企equencyregion of radial breathing modes (RBM) after Au 

NP attachment [Fig.2]. Surface-enhanced Raman scattering effects induced by the Au NP may 

play a significant role in the appearance of these non-resonant RBM signals. A peak-intensity 

change of RBM and D-bands in Raman spectra and change of electronic transport properties 

from the SWNTs/Aulss-DNA suggest the possibility offunctionalization by Au NP and DNA， 

and further applications for electronic devices and sensors. 

We would like to thank Prof. H. Yoshimura at Meiji University for the ferritin supply. 
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Fig. 1. (a)， (b) DifferentAu NP density on 
SWNTs surface. (c) SWNTs/AuJss-DNAhybrids. 
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measured before/after Au functionalization. 
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[2] G. -H. Jeong et al.， Abstracts ofthe 28血Fullerene-NanotubesSymposium， 3P55， 2005. 
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Wrapping of multi wall carbon nanotubes (MWNTs) in deoxyribonudeic acid 
(DNA) was carried out. MWNTs used in也isstudy was prepared by using RF plasma 
method1Jin a mixture flow of Ar (20 l/min) and H2 (3.1l/min) at 460 Torr. Method for 
wrapping is follows:日rstwe prepared aqueous solutions of DNA and MWNTs 
separately with nearly equal concentration of -10μg/ml. Then， a few drops of DNA 
solution were put into the MWNT solution and the mixture was shaken several times. 
A丘町leavingfor 2 days， several droplets of suspension were spin-coated onto a high1y 
oriented pyrolytic graphite (HOPG) substrate. For control experiments， we also 
prepared samples of pristine MWNTs and DNA by the spin-coat. Fig. 1 is AFM 
images. Here， in (a)， we can only identiち，the agglomerated form of DNA molecules 
deposited on HOPG substrate like as the dot structures. Most of the isolated dots have 
田町lythe same size with -25 nm in width and -1.3 nm in height. Therefore， we 
consider that DNA molecules agglomerate together in the water and form spongy 
spherical structure. From Fig. 1 b， it can be found that the surface of pristine MWNT is 
fairly smooth. In Fig. lc， we cannot see any dot structured DNA assemblies on the 
surface ofMWNT unlike as shown in Fig. la. Instead， we can see arch-like structured 
material adhering to MWNT as indicated by the arrow in Fig. lc， which implies a 
disentangled structure of DNA molecules.lJ. From these facts， we suggest that the 
DNA molecules agglomerate and form spongy spherical s住uc佃resin the water， and 
these agglomerated DNA molecules are disentangled and immobilized on the MWNT 
surface when we only soak MWNTs in the DNA solution. 

Fig. 1. AFM images (400X400 nm2) taken for (a) DNA， (b) pristine MWNT， and (c) 
DNA-wrapped MWNT on HOPG 

References 1) A. Koshio， M. Yudasaka， S. Iijima， Chem. Phys. Le悦.356， 595 (2002). 
2) H. Tak油ashi，S. Numao， S. Bandow， S. Iijima， Chem. Phys. Lett. in press. 
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Single wall carbon nanotubes (SWCNTs) and vapor grow由 carbonfibers (VGCFs) 
exhibit many unique mechanical and electrical properties. The application of SWCNTs and 
VGCFs have been limited up to now because of their low ability of dispersion in matrices. 
百ledemerit in dispersion would be improved by the functionalization of SWCNTs and 
VGCFs. Up to now， several derivatization approaches on the sidewalls ofSWCNTs have been 
success白1，such as hydrogenation， fluorination， addition of azomethine ylides， ozonization， 
electrochemical reduction of aryl diazonium salts， and addition of peroxides. In由iswork， the 
reaction of azo-type radical initiators with SWCNTs or VGCFs was examined to derivatize 
SWCNTs and VGCFs with good solubility in solvents by the simple and clean process， 
according to the equation (1). 
VGCFs (40 mg) were placed 

in a flask and 0凶dichlorobenzene
(120 mL) was added. 2，2'-
Azobis(isobutyronitrile) (1.2 g) or ~~S.~T 

VGCF 
4，4'-azobis( 4・cyanovaleric acid) 
(ACVA) (2.0 g) was added.百len，the mixture was heated for 4 h at 80 Oc (for AIBN) or 130 
Oc (for ACVA) then another 4 h at 130 Oc (for AIBN) or 150 Oc (for ACVA). After filtration 
by using membrane filt民 theresidue was washed three times by tetrahydrofuran. The residue 
was dried to provide derivatized VGCFs. 
When standing several hours a mixture of VGCFs， 0・dichlorobenzene，and AIBN， 

VGCFs were precipitated and the upper layer was clear and transparent because VGCFs are 
insoluble in o-dichlorobenzene. The upper layer of the solution was colored in black after 
heating， which suggests the reaction of AIBN with VGCFs. After filtration of the reaction 
mixture， black fibers were recovered. The amount of addition of isobutyronitrile radical to 
VGCFs was calculated based on the weight of crude products and thermogravimetric analysis. 
This product was mixed with organic solvent such as methanol， tetrahydrofuran， and 
chloroform and then subjected to the sonication to provide a dispersion of derivatized VGCFs 
in organic solvents. 
百lereaction of ACVA with VGCFs was carried out by heating a mixture of VGCFs， 

0・dichlorobenzene，and ACVA. A paste-like product was precipitated at the bottom and wall 
ofthe flask with the increase in the heating time. After fil仕ationofthe reaction mixture， black 
fibers were recovered. The ability of dispersion ofthe derivatized VGCFs was monitored by 
the color of the upper layer of the mixture a抗erstanding for 48 h. The deriv 
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Very recently， considerable attention has been focused on the separation of metallic and 

semiconducting SWNTs.百lecombination of chemical modification and physical adsorption 

on SWNTs has been reported to be useful for the sep担割ion.Strano et al. 1 reported an 

interesting method to sep町atemetallic and semiconducting SWNTs， in which the separation 

is based on由edifference in the reaction rates of 4・chlorobenzenediazoniumtetrafluoroborate 

toward metallic and semiconducting SWNTs that are dissolved individually in an aqueous 

micelle of sodium dodecylsulfate. 

We have modified their methods. We synthesized a double-chain benzenediazonium 

tetrafluoroborates (1) and reported the separ剖ionof semiconducting and metallic SWNTs.2) 

Here， we synthesized long single-chain benzenediazonium tetrafluoroborates (2). Aqueous 

solutions of the compound was added to individually dissolved SWNTs in an aqueous 

solution of sodium cholate. By using the kinetically controlled reaction of SWNTs and the 

compounds， we examined the separation ofmetallic and semiconducting SWNTs. 

〉ふくトI~B后 。く)--N~BF;

(1) 
。)
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During the last few years， camphor has emerged as an efficient carbon nanotube (CNT) 

p問cursor.Camphor司grownCNTs (CGCNTs) have low amorphous carbon and extremely low 

metal impurity， and raw material-to-product yield is very high [1]. The only drawback is that 

CGCNTs consist of a lot of pentagonal defects. However， this demerit becomes a merit when 

it comes to extract field emission企omCNTs. It has been well established that CNTs are 

excellent field emitters by virtue of the localized density of states at pentagonal sites. 

MWNTs grown from camphor with 1 wt% ferrocene catalyst have shown appreciable 

field emission properties [2]. With continued efforts on optimization of catalyst concentration 

at the growth stage， we have been able to reduce the turn-on field down to 0.6 V/μm 

(corresponding to an emission current density of 10μA/cm2) and threshold field down to 

3 V/μm (corresponding to an emission current density of 10 mAlcm2). Thus CGCNTs meet 

technologically demanded field emission characteristics. As far as stability is concemed， we 

held the emission current density剖 1mAlcm2 and monitored for 72 hours at a constant 

applied field; there was no appreciable fall in current. Hence we hope it has a good stability. 

More study is underway. 
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Inna加ralphotosynthesis， one reaction center is associated with a number of light harvesting 
units in which the harvested light energy is efficient1y住ansferredto the reaction center. 
Extensive efforts have so far been devoted to construct artificial photosynthetic reaction 
centers. Carbon nanotubes and， in particular， single-wall carbon nanotubes (SWNT)， have 
recent1y attracted much attention as potentially usefu1 materials to construct donor-ac∞ptor 
nanohybrids. However， artificial photosynthetic mode1 systems containing SWNTs and light 
harvesting moieties， which can cause energy仕組sferprocesses， have yet to be deve10ped 
because the attachment of such antenna moieties to SWNTs has been very difficult. 1 
We report herein白紙 α-hericalporphyrin-peptide hexadecamer which contains 16 
po中h戸山(P(H2P)16)forms supramolecular assembly with fu11-1ength SWNTs (Figure 1). 
The purification procedu回 ofSWNTs (Carbon Nanotechnologies， Inc.) was adopted from 
血ereported procedure.2百lereaction between P但2P)16組 dpurified SWNTs was carried out 
by heating a DMF mixture of the two at 100 oc. After 
centrifugation at 15000中m，the centrifuged solid was 
resuspended in DMF. Unreacted SWNTs were 
separated by 20 minutes of centrifugation at 5000中m.
The stable dispersion of P(H2P)lJSWNTs nanohybrids 
was confirmed by由evisible-near-infrared (vis-NIR) 
absorption spec加 mas shown in Figure 2. Important1y， 
出eSWNTs' van Hove singularities， which fall into 

groups of metallic transition (i.e.， En) in the 500-600 
nm range 姐 dof semiconductor仕組sitions出 the Figure 1. Structure 01 porphyrin-peptide hexadecamer. 
600-900 nm (i.e.， E22 semiconductor凶 nsitions)組 d
also in the 1000-1500 nm regions (iム En
semiconductor 仕組sitions) 訂e discemable 血
P(H2P)lJSWNTs. We report herein the photophysical 
properties and structural characterization in 
P(H2P)l6"SWNTs nanohybrids. 
Referenc飴
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C訂bonnanotubes (CNTs) is studied in a variety of fields such as chemistry， physics， and 
material engineering because of the electronic and mechanical properties that derive from the 
unique structure. These properties depend on the length， diameter and chirality of CNTs. 
However， CNTs are produced as the mixtures that vary in length， diameter and chirality. In 
addition， the accurate separation method has yet to be well established. In this study， we 
focused on cup-stacked-type carbon nanotubes (CSCNTs) as a novel type of CNTs. CSCNTs 
have large hollow core， and form the unique structure which stacked the cup moieties.1 The 
length and diameter of each cup moieties are ca. 50 nm. We report herein that the cup-stacked 
structures of CSCNTs are electrostatically disassembled ~z 

by the electron-伽 sfer(ET) reduction. f，N，l ~ 
The reduced脚 iesof CSCNTs were prod附 dby the H2NOCスCONH2+ ifI 
photoinduced electron-transfer (P町)reduction with an llN1J &V 
NADH dimer analog [(BNA)J under photoirradiation (λBz  t::l 
〉刈34判.()nr町叫I
F日ig伊u町鵬r陀e 1 s蜘h加ow附st悦he UV一visible抑制 change __  h斗 25Jづ-2司v
observed in the PET reduction of CSCNTs with (BNA)z MeCN ~z t:丸戸虫色
in dCMated MCCN The absorption band d (BNA)z at schemeMJ13LionofC3;肝 S
348 nm decreased， accompanied by increase in the new 
absorption band at 260 nm due to the BNA +. The PET 
from (BNA)2 to CSCNTs gives (BNA)2叶.This step is 
followed by a fast cleavage of the C-C bond of the 
dimer to produce BNA・andBNA +. The subsequent 
second ET from BNA" to CSCNTs should be much 
faster than the first， as BNA・isa strong reductant. Thus， 
once PET from (BNA)2 to CSCNTs occurs， two 
equivalents of CSCNTs are reduced. The formation of 
the reduced products was confirmed by ESR 
spectroscopy. The structural characterization of the 
disassembled species produced by the PET reduction 
has been performed by SEM， TEM， AFM and raman 
spectroscopy. 
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Figure 1. UV -vis spectra observed in the 
photoreduction of CSCNTs by (BNA)2 
(1.0 X 104 M) in deaerated MeCN. 
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SWNTs are expected for various applications for extraordinary physical and chemical 
characters based on the unique geometric structure. As for the macroscopic generation， the 
ACCVD technique appears to be one of best synthesis methods [1]. However its synthetic 
mechanism has not yet been made clear， hence the fundamental research is necessary for 
generation of betier quality SWNTs. In order to investigate the initial reaction of alcohol or 
hydrocarbon with a metal nano・particle，we have been studying the chemical reaction of 
回nsitionmetals clusters by FT-ICRσourier Transform Ion Cyclotron Resonance) mass 
spectrometer with laser-ablation supersonic-expansion cluster beam source [2]. Our previous 
FT・ICRstudies have compared the reactivity of Fe， Co， and Ni clusters with ethanol. The 
dehydrogenation process on Co clusters was studied in detail by using isotopically modified 
ethanol. The dehydrogenation reaction was observed only in the limited size range of Co 
clusters i.e. C012 - C017・Onthe other hand， all the tested Ni clusters tested always showed 
immediate dehydrogenation reaction， whereas such reaction was not observed for Fe clusters. 
Among these transition metals， cobalt clusters are studied to ga泊betierinsights on血einitial 
reaction of catalysts with carbon containing molecules. 
In this paper， we have explored the basic reaction mechanisms of relatively large catalyst 
clusters of cobalt with ethanol， 
methane， ethylene and diethyl ether 
which are commonly used as carbon 
source for SWNTs generation. Fig. 1 
shows mass spectra of reaction of 
cobalt clusters with ethylene and 
diethyl e血er(RT， 1?10.8torr). For 
ethanol， ethylene and diethyl ether， the 
dehydrogenation reactions were 
observed. Fur出ermore，not only one 
molecule， but a few molecules 
adso叩tionto cobalt clusters 
observed. 
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Fullerenes characterized邸 anantioxidant are believed to reduce various reactive 

chemica1 species， suchω丘eeradicals， and their characteristic features have been disc10sed to 

furnish many useful pharmatherapeutic technologies [1，2]. Despite the numerous applications 

for the biological efficacy of fullerenes， less is known about the toxicity of fullerenes in 

mammals. Hence， the protocol was designed to determine the acute oral median lethal dose 

and evaluate the acute toxicity of fullerenes when administrated as a single dose to 

Sprague-Dawley rats. In an acute toxicity test， ful1erenes were administered once ora11y to a 

single group of ma1e and female at a dose level of 2000 mg/kg. No deaths were observed and 

the body weights in both sexes of 2000 mg/kg group increased in a similar pattem to the 

control group. Genotoxicity of fullerenes was also assessed in a bacterial reverse mutation 

assay (Ames test) and the chromosoma1 aberration旬stin cultured Chinese hamster lung 

(CHLlIU) cells. Although structural chromosomal aberrations were泊duced瓜 upto 5000 

μg血L，出erew;出 nosignificant increase in the frequency of chromosomal aberrations at any 

dose level regardless with or without metabolic activation. Fullerenes did not cause genetic 

damage in Salmonella typhimurium TAI00， TA1535， TA98 and TA1537 and Escherichia co/i 

WP2uvr A/pKMl 0 1. 

The excellent prec1inica1 safety profile of fullerenes has been bom out in a series of 

standard prec1inical evaluation.百leseresults indicate that fullerenes were not considered to be 

of toxicological significance. The fact s住onglysupports the promising medical application of 

fullerenes. 

References 

[1] H. Takada， L. Xiao， R. M. Islarn， S. S田uki，H. Mimura， K. Maeda and N. Miwa， In Technology ofEvidence 
Based Cosmetics; CMC Publishing: Tokyo， 2004， 291-308. 
[2] L. Xiao， H. Takada， K. Maeda， M. Hararnoto and N. Miwa， Biomed Pharmacother. 2005，59，351-358. 
Corresponding Author: Hiroya Taka也

E-mail: hiroya.takada@vc60.com， TEL: +81ふ3538-5917，FAX: +81ふ3538・5911

-189-



発表索引

Author Index 



Author lndex 

Abdou Hassaien 2S-3 Baopeng Cao 2P回11

Abe Hisao 1P-28 Catalin Romeo Luculescu 3P-19， 3P-23 

Abe Yoshimoto 3P-38 Chiashi Shohei 2P-26， 3-1 

Achiba Yohji 1P-28， 2-3， 2P-1O， Chikamatsu Masayuki lP-16 

2P】27，2P-42， 3-2， David Tomanek 2P-19 

3P-1O， 3P-33 Deguchi Shigeru 1P-14 

Adachi Kenji 2P-17 Doi Tatsuya 2-11， 3P-18 

Adam M. Gilmore 1-6 Don N. Futaba lP-31， 2P-20， 3-6 

Ago Hiroki 1-7， lP-46， 2P-47， Dragan Mihailovie 2S-3 

3国3，3P-20 Enda Jun 1P-7 

Ajima Kumiko 1P-33 Endo M. 3P-25 

Akada Misaho 2P-13 Endo恥1orinobu 3同7

AKAI Yoshio 3-12 Erik Einarsson lP-22， 1P-45 

Akasaka Takeshi 1P-9， 1P-1O， lP-11， Ernst Horn 1P-1O， 2-1 

1P-12， 2-1， 2】2，2P-1， Fan J. 1P-31 

2P-11， 2P-12， 2P-24， Fan Jing 2P-20 

3P-1， 3P-11， 3P-12， Fueno Hiroyuki 1P-40 

3P-29 Fuiieda Tadashi 1P-5 

Akazawa Minako 3P-38 Fujimori M. 2P-37 

AkimaN. 2P-39 Fujimoto Yuki 3P-44， 3P-6 

Akimoto Ikuko 2P-16 F吋山N. 2P-29 

Akita Seiji 1-11， 2P-35， 3P-28 Fujita Takeshi 2P-2 

Alan Maigne 1P-33 Fujiwara Akihiko 1P-17， 3P-14， 3P-15， 

AleS恥1rzel 2S-3 3P-17 

Ando Yoshinori 1P-29， 3P-21， 3P-25， Fukuda Takamitsu 3P-8 

3P同40 Fukui N. 2P-37 

Aoki Nobuyuki 2P-17 Fukushima Makoto 3P-ll 

Aoki Yosuke lP-28 Fukuzumi Shunichi 2-2， 3P-41， 3P-42 

Aonuma Shuji lP-21 G. M. Aminur Rahman lP-lO， 2P-l 

Aoyagi Yoshinobu 3-9 G.-H. Jeong 3P-36 

Arikai Hideki 3-7 Goo-Hwan Jeong 2P-43 

Arimitsu Koji 3P-38 Gunji Takahiro 3P-38 

Arkady Krasheninnikov 2P-19 H. Bang 2P-29 

Asai Nobuyuki 2P-27 ， 3-2 Hamanaka Yasushi 1-7 

Asano Koji lP-42 Hara Takumi lP-6 

Awano Yuj 1-10， lP-42 Harigaya K. 3-11 

Azami Takeshi 3P-27 Harima Hiroshi lP-27， 2P-28 

Azehara Hiroaki lP-5 Hasegawa Tadashi 2P-24 

Azumi Reiko lP働16 Hashimoto Hisayosi 2S陶4

Balakrishnan Na1ini 1-5 Hashimoto Naoaki 3P-8 

Bandow Shu吋1 2P-18， 2P-33， 3P-37 Hashizume T. 2P-37 

-191-



Hata Kenji 1P-31， 2P司20，3S-5， Ikuta Tatsuya 2P-47 

3-6 Imai Hideto lP-32 

Hata Koichi 1P-24， 1P-25， 2P-44， Imai Kumiko 1P-17， 3P-15， 3P-17 

3P-22 Imamura Sadanobu 1-7 

Hata Yasunori 1P-44 Imamura Shingo 3P-20 

Hatakeyama Rikizo 1-13， 1P-26， 2P-31， Inagaki Takayuki 2P-18 

3P-29 Inakuma Masayasu 2-12 

Hatori Hiroaki 3-6 Inakura Hideki 3-4 

Hayamizu Yuhei 3-6 Inoue Sakae 1P-29， 3P-21 

Hayashibara Mitsuo 1P-5 Inoue Takashi 1P-13， 1P-30， 2-4， 

Hayazawa Norihiko 1P-37 2P-9 

Heike S. 2P-37 Inouye Yasushi 1-3 

Hiasa Ken 1P-25 Ishi Hisao 3P-16 

Hidaka Kishio 1P-5 Ishibashi Ayumi 1P-2， 2P-45 

Higashi Keisuke 2P-34 Ishida Kohtaro 3-8 

Higashi Taijiro 2P-3 Ishida Masashi 1P-30 

Hino Shojun 2-5 Ishida Yasuhiro 2P-8 

Hiramatsu Kazumasa 3P-22 Ishigaki Satoru 2P-28 

Hiramatsu Mineo 3P-40 Ishigami Naoki 1P-46， 2P-47 

Hiraoka Tatsuki 3-6 Ishihara Masayuki 2P-9 

Hirooka Motoyuki 1P-5 Ishii Tadahiro 3P-2， 3P-19， 3P-23 

Hiroshiba Nobuya 3P-16 Ishii Toru 3P-19 

Hiwatashi恥1:asataka 3P-39 Isobe Hiroyuki 1-15， 1P-8， 1P-32， 2-7 

Homma Yoshikazu 2P-43 ， 3P-31， 3P-36 Isshiki Toshiyuki 1P-27， 2P-28 

Honda Hiroyuki 1P-43 Itakura Atsushi 1P-16 

Honma Takeshi 1P-6 Itatani Taro 3-8 

Horikoshi Koki 1P-14 Ito Akihiro 2P-41 

Hoshino Mikio 1P-6 Ito Hiroshi 1P-43 

Hozumi Y. 2P-29 Ito Osamu 3P-1 

Igimi Daisuke 1-9 Ito Shinobu 3P-44 

Igusa Masahiro 3-8 Ito Ya印刷ro 2-5， 2P-9 

Iida Sadahiro 2P-17 Itoga Emiko 3-8 

Iiduka Yuko 2-1 Itoh Shigeo 2P-34 

Iijima Sumio 1-15， 1P-31， 1P-32， Iwai Yuki 3P-34 

1P-33， 1P-39， 2-6， Iwasa Yoshihiro 1P-17， 2P-39， 3-9 

2P-18， 2P-20， 2P-33， Iwasaki Kentaro 2-5 

3-5， 3-6， 3-7， 3P-27， Iwas北iShinya 1-4 

3P-37 Iwashita Akihiko 3P-5 

Ikeda Ken-ichi 3-3 Iwata Nobuyuki 1P-44， 3P-24 

Ikeda N oriaki 1P-1 Izumi Yuya 2P四23

Ikegami Asato 2P-17 Izumida Takeshi 1-13， 2P-31， 3P-29 

Ikenaga Eiji 1-10 J. Jiang 1-2， 2P-40 

Ikeuchi Takahiro 1P-3 J. S. Park 2P-40 

-192-



J.L. Musfeldt 2P-39 Kishi Naoki 2P-38 

James M. Mattheis 1-6 Kishimoto Shigeru 1-4， 1P-43 

Jing Lu 2P-24 Kisoda Kenii 1P-27， 2P-28 

Kadota Naoki 2-10 Kitamura Hiroshi 2P-3 

Kadowaki Masayuki 1P-22， 1P-45 Kitamura IT. 1P-29 

Kagan Kerman 3P-14 Kitamura Yutaka 2-4， 2P-32 

Kakehi Kazunori 2P-26 Kitaura Ryo 1P-13， 1P-30， 2-4， 

Kakiuchi Toru 2P-13 2P-32 

Kako Masahiro 3P-1 Kobata Masaaki 1-10 

Kakudate Yozo 3-6 Kobayashi Kaoru 1P-9， 2-1， 2-2， 2P-ll， 

Kan'no Ken-ichi 2P-16 3P-1 

Kanbara Takayoshi 3-9 Kobayashi Keisuke 1-10 

Kanda Makoto 2P-24 Kobayashi Keita 1P-19 

Kaneko Toshiro 1-13， 2P-31 Kobayashi Nagao 3P-8 

Kasanuma Yuka 1P-5 Kobayashi Yoshihiro 1P-41， 2P-43， 3P-31， 

Kasuya Daisuk巴 3P-27 3P-36， 1P-40 

Kataura Hiromichi 1-14， 1P-23， 1P-28， Kodama Takeshi 2-3， 2P-1O 

1P-37， 2S-3， 2P-27 ， Kohda Kohfuku 2P-5， 3P-6 

2P四30，2P-42， 3-2， Koizumi Kohei 3P-43 

3-7， 3-8， 3P-33， 3P-34 Kojima Eiji 3P-30 

Kato Masayuki 2-5 Kojima Kenichi 1P-38， 1P-47， 3P-32 

Kato Tatsuhisa 1P-9， 1P-ll， 2-1， 2-2， Kokai Fumio 1-16， 1P-19， 2P-48 

2P-12， 3P-11 Kokubo Ken 2P-3， 3P-4 

Kato Tomohiro 2P-17 Komaki Tomohito 2-3 

Kato Toshiaki 1-13， 1P-26， 2P-31 Komatsu Koichi 1P-2， 1P-8， 2-8， 2P-13 

Kawabata Akio 1-10， 1P-42 Komatsu Masaharu 1P-2， 3-10 

Kawahama Sayako 3P-4 Komatsu Naoki 1P-21， 2-10 

Kawahara Syo 3P-6 Komiya Satoshi 1-10 

Kawai Takazumi 3S-6 Kondo Daiyu 1-10， 1P-42 

Kawakami Kiminori 1P-7 Konishi Yasumoto 2P-35 

Kawakita Kunihiko 2P-44 Konno Takashi 1P-4 

Kawamoto Hironori 1P-38 Kono Takayoshi 1P-9， 1P-ll 

Kawamura Y. 2P-29 Konstantin Iakoubovskii 1δ 

Kawasaki Shinji 3-7， 3P-34 Koshino Masanori 3P-26 

Kawata Satoshi 1-3， 1P-37， 2P-30 Koshio Akira 1-16， 1P-19， 2P-48 

Kazaoui Said 3P-30 Kubo Takahiro 2P-6， 3P-7 

Kikuchi Koichi 1P-16， 2-3， 2P-1O kubo Yoshimi 1-15， 3P-27 

Kikuchi Satoshi 2P同22，2P-38 Kubozono Yoshihiro 1P-17， 2-14， 3P-15， 

Kikuchi Takashi 1P-1O 3P-17 

Kim Jung-Jin 1-10 Kumashiro Ryotaro 3P-16， 3P-29 

Kim Yeji 1-5， 3P-30 Kuroda Noritaka 3P-30 

Kimura Shin-ichi 2P-24 Kusai Haruka 1P-17， 3P-15， 3P-17 

Kimura Takahide 1P-21， 2-10 Kusunoki M. 2P-29 
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Kusunoki Michiko 1-9 Miura Kouji 2P-34 

Kuwahara Shota lP-36 Miwa Nobuhiko 3P-44 

Kyushin Soichiro 2P-l お1iyaharaTsuneaki 2P-42， 3P-33 

LemiとgreLoic 2-7 Miyake Hideto 3P-22 

Li Yongfeng 1-13， 2P-31 Miyake Koji 1-9， 3-6 

Lian Yongfu lP-12 Miyake Takashi lP-35， 3-12 

M.F.Jarrold 3P-13 恥1iyakeYoko 2-3， 2P-1O 

Maeda Fumihiko lP-41 Miyamoto Hisakazu lP-3 

恥1aedaShuhei 2-8 Miyamoto Yoshiyuki 2P-19 

恥1aedaYutaka lP-9， lP-lO， lP-l1， Miyashita Kanae 1-5， 3P-30 

2-1， 2同2，2P四1， 2P-12， Miyata Naoki 2P-5， 3P-6 

2P-24， 3P-l， 3P-1l， Miyata Yasumitsu 1-14， lP-23， 2P-30 

3P-12， 3P-29 Miyauchi Yuhei 1-1， lP-20， 3-1 

Maja Remskar 2S-3 Miyawaki Jin 1-15， lP-32， lP-33 

Maniwa Yutaka lP-23 Mizorogi Naomi lP-9， lP-lO， lP-12， 

恥larkus羽Taelchli lP-12 2-1， 2-2， 2P-1， 2P-12， 

Maruyama Shigeo 1-1， 1-4， lP-20， lP-22， 3P-9， 3P-12 

lP-34， lP-35， lP-45， 恥1izunoKohei 2P-20， 3-6 

2P-21， 2P-26， 3-1， Mizuno Kyozo lP-48 

3P-43 Mizutani A. 3P-25 

Maruyama T. 2P-29 Mizutani Takashi 1-4， lP-43 

Masunari Kosuke 2-14 Mori Hideki 3P-28 

Masuyama Naoto 2P-21 Mori Tomohisa 3P-44 

Matsubayashi Kenji 3P-4， 3P-44 Moribe Hiroe 2-5， 2P】9

お1atsubayashiMai 3P-22 Moriyama Hiroshi lP-1， 2-13 

Matsui Eitaro 2P-6， 3P-7 Motohashi Satoru lP-15， 2P四14，2P-15 

Matsui H. 2P-39 Motoyama Yukihiro lP-46 

Matsumoto Hideyuki 2P-l 恥1ukaiSada-atsu lP-14 

Matsumoto Kazuyo lP-27， 2P-28 Mukul Kumar 3P-40 

Matsumoto Shiro lP-6 Murakami Hiroto 3P-39 

Matsumoto Tetsunori 2P-43 ， 3P-36 Murakami Takashi lP-37， 2P-30 

加1atsunagaYoichiro lP-9 Murakami Toshiya lP-27， 2P-28 

Matsuo Yutaka lP-8， 2P町2，2P-4， 3P-5 Murakami Yoichi 1-4， lP-20， lP-22， 

Matsuoka Yukitaka 3P-14 lP-45， 2P-21， 3-1 

Matsushita Tomohito 2-4 恥1urataMichihisa lP-2， lP-8， 2-8 

Matsuura Koji lP司39，3-5 Murata Naomi 2P-1O 

Matsuzaki Shun 3-8 Murata Yasujiro lP-2， lP-8， 2-8， 2P-13 

Meguro Akira 2P-l Muro Takayuki 2-4 

Michael T. H. Liu 2-1， 2P-l Nagano Takayuki lP-17， 3P-15， 3P-17 

Minami Nobutsugu ト5，2P-24， 3P-30 Nagasawa Hiroshi lP-28 

Misaki Yohji lP-3 Nagase Shigeru lP-9， lP-lO， lP-ll， 

Mitani Yuichi 2P同4 lP-12， 2-1， 2-2， 2P-l， 

Mitikami Kazuya 2P-28 2P-ll， 2P-12， 2P-24， 
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3P-1， 3P日9，3P-12 Ochi Kenji 3P-15 

Nagatsuka Junko 3P-1 Ochiai Yuichi 2P-17 

Nakagawa Hidehiko 3P-6， 2P-5 Ogata Hironori lP-15， 2P-14， 2P-15， 

Nakagawa Tatsuo 1P-19 2P-23 

Nakagita Tsuyoshi lP-25 Ogata Shigenobu 3P-28 

N akahodo Tsukasa 1P-9， lP-lO， lP-l1， Ogawa Daisuke 2P-32 

2-1， 2-2， 2P-1， 2P-11， Ogawa Kenichi 2P-17 

2P-12， 3P-1 Ohashi Hirotaka 3P-29 

N akai Hiroshi 1P-47 Ohdo Ryota 3-3 

Nakamura Arao 1-7 Ohkubo Kei 2-2 

Nakamura Eiichi 1-15， 1P-8， 1P-32， 2-7， Ohmori Shigekazu 1P-40， 2P-41 

2P-2， 2P-4， 3P-5， 3P-26 Ohno Masatomi 1P-48 

N akamura Kazuhiro 3-3 Ohno Yutaka 1-4， 1P-43 

Nakamura Masato 2P同49 Ohshima Satoshi 1P-39， 3-5 

Nakamura Tetsuya 2-4， 2P-32 Ohshita Akinori 3P-22 

Nakamura Yosuke 1P-4 Ohta Toshio 2-14， 3P-15 

Nakanishi Waka 2-7 Ohtani Masataka 3P-42 

N akashima N aotoshi 1P-2， 2P-45 ， 2P-46 ， Okada Shinichi 2P-7 

3-10， 3P-39 Okada Susumu 1-12， 1P-35 

Nakayama Yoshikazu 1-11， 2P-35， 3P-28 Okada Takeru 1-13， 2P-31 

Namai Tatsunori 2P-20， 3-6 Okajima Takaharu 1P-5 

Nanao Susumu 2-4 Okamoto Hiroshi lS-2 

N aniki Takashi 1P-15 Okazaki Toshiya 1P-39， 2-6， 2P-24， 

Nara Ryuhei 3P-11 2P-42， 3回5，3P-33 

Narimatsu Kaori 2P-46 Okimoto Haruya 2-4， 2-5， 2P-32 

Naritsuka S. 2P-29 Okino Fujio 3-7 

Nemoto Katsumasa 3P-3 Okochi Mina 1P-43 

Nigawara Masahiro 2P-41 Okubo Shingo 1P-9， 2噸6，2P-42， 3P-33 

Nihei恥1izuhisa 1-10， 1P-42 Okumura Kensuke 2P-25 

Niidome Yasuro 1P-2， 2P-46 Okuyama Hiroki 3P-24 

Nikawa Hidefumi 1P-1O， 2P-1 Osawa E討i lS-l， 2-10， 2-12， 2-13 

Nishibori Eiji 2P-9 Osedo Hiroki 2-9 

Nishide Daisuke 1P-30 Oshima Takumi 2P-3， 3P-4 

Nishii Toshiaki 2P-21 Oyama Y. 1-2， 2P-40 

Nishimura Jun 1P-4 Ozawa Mas北i 2-12 

Nishio Koji 2P-28 Ozeki Yuji 1P-20 

Niwa Hiroaki 2P-34 P. A. Hervieux 2P-49 

Noda Suguru 2P-21 ， 2P同26 Pac Chyongjin 1P-1 

Nojima Yoshio 3-7 Pan Lujun 2P-35 

Nouchi Ryo 2-14 Pedro Mo1ina-恥10rales 1P-47 

Numao Shigenori 3P凶37 Ray K. Kaminsky 1-6 

O. Zhou 2P-39 Said Kazaoui 1-5， 2P-24 

Oba恥1ototeru 1-1， 1P-35 Saigo Kazuhiko 2P-8 
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Saito Kenji 3P-41， 3P-42 2P-32， 2P-37， 2P-38， 

Saito恥1ineo 3P明35 3P-13 

Saito R 1-2， 2P-40 Shinohara Kenji 2P-34 

Saito Susumu 3-12 Shiomi Junichiro lP-34 

Saito Takeshi lP-39， 3-5， 1-7， lP-24， Shiraishi M. 2P-39 

lP-25， 2P同25，2P-44， Shiraiwa T. 2P-29 

3P-22 Solladie Nathalie 3P-41 

Saito Yuika lP-37， 2P-30 Someya Chika 3P-12 

Sakai Takamichi lP-24 Sonoda Motohiro 2-11 

Sakakibara Youichi 3-8 Suenaga Kazutomo 3P-26 

Sakata Makoto 2P-9 Sugai Toshiki lP-13， lP-30， lP-36， 

Sako Yuuki 3P-17 2-4， 2-5， 2P-22， 2P-37， 

Sakuraba Akihiro 2-1 2P-38， 3P-13 

Sakurai Toshihiko 2-9 Sugaya Motohiro 2P-18 

Sano Masahito 1-8 Sugime Hiroshi 2P-21 

Sasaki Shinya 3-6 Sugitani Sachie 3P-l 

Sasaki Yoshiko 3P-l Sugiura Takahito 2-13 

Sashiwa Hitoshi 3P-3 Sugiyama Hiroyuki lP-17 

Sato Hideki lP-24， lP-25， 2P-44， Suhama Kenji 3P-21 

3P-22 Sunouchi Toshiki 2P-48 

Sato K. 1-2， 2P-40 Suwa Y. 2P明37

Sato Kenichi lP-20 Suyama Naoki 3P司43

Sato Kumiko 2-2 Suzuki Atsushi lP-24 

Sato Shintaro 1-10 Suzuki恥1asato lP-4 

Sato Syuichi 1-8 Suzuki Satoru lP-41， 2P目43，3P-36 

Sawa Hiroshi 2P-13 Suzuki Shinzo lP-28， 2-3， 2P-IO， 

Sawaguchi Toshiko 3P-44 2P-27， 2P-42 ， 3-2， 

Sawamura Seiji 2P-7 3P-33 

Sawaya Sintaro 1-11 Suzuki Takayoshi 2P-5， 3P-6 

Seike Nozomu 2P-3 Suzuki Tomoko 3P-21 

Sekido恥1asaru lP-48 Tachibana Masaru lP-38， lP-47， 3P-32 

Seko Kazuyuki 2P-25 Tada Tomoyuki 2P-8 

Senna Mamoru 2P-6， 3P-7 Tajima yl凶 lP-6， 2-9 

Shigeta Masahiro 3-10 Takada Hiroya 3P-4， 3P-44 

Shimada Ryoko 2-9 Takagi Daisuke 3P-31 

Shimada Takashi lP-20 Takaguchi Yutaka 3P-17 

Shimawaki Takanori lP-21 Takahashi Hirotoshi 3P-37 

Shimizu Tetsuo 2P-24 Takahashi Katsumasa 2P-5 

Shimoda H. 2P-39 Takahashi Koji lP-46， 2P-47 

Shinagawa Masashi lP-46， 2P-47 Takahashi Makoto 2-12 

Shinohara Hiromi 2P-46 Takahashi Teruo 3P-19， 3P-23 

Shinohara Hisanori lP-13， lP-30， lP-36， Takahashi Tetsuo 3-9 

2-4， 2-5， 2P-9， 2P-22， Takano Yuta 2P-12 
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Takasaki Mikihiro 1P-46 3P-20 

Takata Masaki 2P-9 Tsukagoshi Kazuhito 2P-30， 2P-42 ， 3-9， 

Takei Fumio 1P-42 3P-33 

Takematsu Yuji 1P-11 Tsumoto Hiroki 2P-5， 3P-6 

Takemura Yuta 1-16 Uchida Katsumi 3P-2， 3P-3， 3P-19， 

Takenobu Taishi 1P-17， 3-9 3P-23 

Takeuchi Kazuhiro 3P-11 Uchida Kazuhito 3P-30 

Takeuchi Kazuo lP-6 Uchida Takashi 1P-38， 3P-32 

Takeyama Shojiro 3P-30 Uehara Naoyasu 3-3， 3P-20 

Takikawa Hirofumi 2P-34 Ueno Taro 2P-42， 3P-33 

Tamiya Eiichi 3P-14 Umeda Rui 2-11 

Tamura Goshu 2P-33 Umemoto Hisashi 1P-13， 2P四9

Tamura Ryo 2P-36 U sami Hatsuhiko 1-9 

Tanaike Osamu 3-6 Wakabayashi Tomonari 2-11， 3P-18 

Tanaka Hiroyoshi 2P-35 Wakahara Takatsugu 1P-9， 1P-1O， 1P-11， 

Tanaka Kazuyoshi 1P-40， 2P同41 1P-12， 2-1， 2-2， 2P-1， 

Tanaka Ryota 2P回16 2P-11， 2P-12， 2P-24， 

Tanaka Takatsugu 1P-8， 2-7 3P-1， 3P-ll， 3P-12 

Tanaka Teruyuki 2P-48 Watanabe Hiroto 2P-6， 3P-7 

Tani Kentaro lP-43 Watanabe Ikumi 3P-34 

Tanigaki Katsumi 2P-13， 3P-16， 3P-29 Watanabe Kenichi 1P-2 

Tanioku K. 2P-29 Watanabe Miki 1-7 

Tategaki Hiroshi 3P-4 Watanabe Satoru 1P-4 

Terada Y. 2P-37 Xu Guochun 2P-34 

Terauchi Ikuya 2P-9 Xu Wei-Chun 3-5 

Tobe Yoshito 2-11 Y. A. Kim 3-7 

To同iKazuyuki 1P-26 Yajima Hirofumi 3P-2， 3P-3， 3P-19， 

Toida Tatsuo 3P-2 3P-23 

Tokumoto Hiroshi 1P-5， 2P-24 Yamada Michio 1P-12， 3P-12 

Tokumoto Madoka 3-8 Yamada Takayuki 2-4 

Tomikawa Takako 1-7 Yamada Takeo 2P-20， 3-6 

Tomiyama Tetsuo 1P-13 Yamamoto Hiroshi lP-44， 3P-24 

Tomonari Yasuhiko 3P-39 Yamamoto Kazunori lP-18 

Touhara Hidekazu 3-7 Yamashiki Tomoya 2-9 

Toyoda Shouhei 3P-39 Yamashita Kazuaki 3P-35 

Toyota N. 2P-39 Yamaura Tatsuo 2P-34 

Tsuchida Satoru 2P-14， 2P-15 Yanagi Kazuhiro 1-14， 2P-30 

Tsuchiya Takahiro lP-9， lP-lO， lP-l1， Yano Taka-aki 1-3 

1P-12， 2-1， 2-2， 2P-1， Yase Kiyoshi lP-16 

2P-11， 2P-12， 3P-1， Yasuda Kyohei 3P-40 

3P-11， 3P-12 Yasuda Toshio lP-5 

Tsuji H勾ime 2P-17 Yokoi Hiroyuki 3P-30 

Tsuji Masaharu lP-46， 2P-47 ， 3-3， Yomogita Akinori 2P-12 
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Yongfu Lian 2P-24 

Yorimitsu Hideki 1-15， 1P-32 

Yoshida Hiromichi 2P-22， 2P-37 

Yoshida y1吋i 1P-16 

Yoshikawa Kazuo 2P-34 

Yoshikawa Masahito 1P-20 

Yoshikuni Masato 1P-44 

Yoshimatsu Daisuke 3P-43 

Yoshimura Akihiko 1P-47 

Yoshimura Daisuke 2-5 

Yoshimura Hirofumi 1P-47 

Yoshitake Tsutomu 3P-27 

Yoza Kenji 1P-1O， 2-1 

Yudasaka Masako 1-15， 1P-31， 1P-32， 

1P幽33，2P-18， 2P-20， 

3-7， 3P-27 

Yuge Ryota 1-15， 1P-31 

Yumura Motoo 1P-39， 2P-20， 3-5， 3-6 

Zhao Xin1uo 1P-29， 3P-21， 3P-25 

Zhao Yanli 2P-25 

Zhong Yu-Wu 2P-4 
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一一一一J¥.イオの技術をナノテクヘ
⑧ 

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

轡密閉処理
溶媒の蒸発・揮散がありません。

コンタミがありません。
ナノリスク対策に対応可能。
事多試料同時処理
最大24試料を同時に処理できます。

轡再現性良好
回転機構の採用により均一な超音波照射が可能です。

幾多彩なラインアップ
汎用機から八イパワー機および連続処理機をご用意しています。

連続式NANORUPTOR(NR-2028) 

ハイパワーNANORUPTOR(NR-300l BIORUPTOR(UCW-201) 密閉容器

お問い合わせ先
販売

]スモ・パ冒イオ株式会社
〒135-0016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 
営業本部機器グループ栗原
e-mail:mkurihar@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
TEL (045)261-8388 FAX (045)252-8935 
技術部長伊藤
e-mail:k-ito@bioruptor.jp 



! ナノテク材料は進化しつづけている.
C13安定同位体置換C607ラーレン(99%)

C13安定同位体置換C707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、C60F36フラーレン、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C60フエロセン、ハイブリッド、C60コバルトセン

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 Nanofiber， C60Br24， C76， C78， C84， C86 

SWNT .COOH， purified (70・80%)

SWNT.NH2， purified (70・80%)
SWNT.CONH心18H37，purified (70-80%) 

SWN下COO.R-OH(2・5%rpynn) 

Shorted SWNT-COOH， purity 90%， length 200・500nm 

Shorted SWN下NH2，purity 90%， length 200・500nm 
Shorted(200・500nm) SWN下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圃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. & Beta.) : Diamond Abrasive: <50nm， <100nm， <200nm， <250nm， 

<500nm， 200圃400nm，<1 um: Graphite: 15，000 mesh， 10，000 mesh. 

Nanowires (Diameter -1 OOnm，し=-1-2um): Si， Ga， Bi， InP， GaP， II-VI compounds圃

Composite particles: Dropped， shelled， & cored metals/oxides like Ag/Si02 core<100nm. 
Coated particles: Surfacants on oxides， or Metals. 
Shorter length CNTs: 0.5um (SWNTs， MWCNTs) ， 5um (more easily dispersible) . 
SWNTs， MWNTs surface funcationized with .COOH 

SWNT MWNT (陪gular) MWNτ(short} 

Closed SWNT 50-70% 95+%， 00/10: <8/2-5nm 95+%， 00/10/L: 8-15/3-5/500nm 
Open SWNT 90% 95+%，00/10: <1 0/2-7nm 95+%， 00/10/L: 10-20/5-1 0/500nm 

95+%， 00/10: 3-20/1-3nm 95+%， OO/IO/L: 20-30/5-10/500nm 
MWNT (Aligned) 95+%，00/10・8-15/3-5nm 95+%， OO/IO/L: 30-50/5-15/500nm 

95+%， 00/10: 10-20/5-1 Onm 94+%， OO/WT/L: 20-30/1-2nm 
95%+00: 10-20nm 90+%， 00/10: 10-30/3-1 Onm 94+%， OO/WT/L: 20-50/1-2nm 

95+%，00/10: 10-30/5同10nm 94+%， 00/10/L: 40-70/5-40nm 
Carbon Nano Fibers 95+%， 00/10: 20-30/5-1 Onm 85%， OO/WT/L: 20-40/5-15nm 

95+%，00/10: 20-40/5-1 Onm 90%， OO!WT/L: 20-40/5-15nm 
00: 240-500nm 95+%，00/10且 30-50/5-15nm 95%， OO!WT/L: 20-40/5-15nm 
00: 80-200nm 95+%，00/10: 40-60/5-10nm 98%， OO/WT/L: 20-40/5-15nm 
00: 40-80nm 95+%，00/10: 50-100/5イOnm 99%， OO/WT/L: 20-40/5-15nm 
00: 240-500nm (graphitized) 85%， OO!WT/L: 40-70/5-30nm 

90%， OO!WT/L: 40-70/5-30nm 
95%， OO/WT/L: 40-70/5-30nm 
98%， OO/WT/L: 40-70/5-30nm 
99%， OO/WT/L: 40-70/5-30nm 
95+%， OO/IO/L: 10-30/5-10/1-2μm 
95+%， OO/IO/L: 20-40/5-10/1-2μm 

※詳細資料は下記へご請求願います。

【 弊社取り扱い製品はliii3・ 914'， 'N'''''!~ゆぷでご覧いただけます。 】目

株式会祉サイエンスラボラトリース4ク一時
干270・0021千葉県松戸市小金原7丁目10番地25 TEL: 047-309・8311 FAX: 047・309・8310

E-mail: sales@scilab.co.jp URL : http://www.scilab.co.jp 



nacalai tesque乙、ζ 金属内包フラーレン用ra:ll.e]カラム E 

m 
C~Mω 叫yprep・

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!

圃分析例
COSMOSI~ Buc同P陪 p-M

COSMOSI~ Buckyprep 

C86 1¥ 
SC2@C76(I) 

• 1;叫前略C84 

'.1 ¥ 1 ¥. 〆SC2@Cso(I)35 (min) 25 30 20 ，. 10 

¥一一一一

2o(mini 

COSMOSI~ Buckyprep-M 

C88 

COSMOSIL@ Buckyprep SC2@C84(I) 

/ 

• 
C86 

C倒¥竺ヅ
旬。 15 20 25 '0 35 (mln) 

se 15 

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-.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目075-21ト2703 FAX目075-211-2673

Web site :http:グwww.nacalai.co.jp



私たちの炭素の夢は、未来へと無限に拡がります。

その優れた特性によって限りない可能性を持つc(カーボン)。
私たち東洋炭素は、無限に広がるカーボンの応用分野を求めて、
常に人と環境にやさしくをモットーに、未来技術の創造にチャレ
ンジしています。金属内包フラーレンやカーボンナノチューブ合
成用原料の開発など、今、私たちに求められているものは何かを
常に考え、 21世紀に貢献する未来型企業を目指し続けます。

x TOYO TANSO = c 

東津炭素株式会社@ 
http://www.toyotanso.co.jp/ 

【本社】干555-0011大阪市西淀川区竹島5-7-12 TEL 06-6473-7912 
【工場】詫間事業所・大野原技術開発センタ-.萩原工場・いわき工場

【営業所】東北・つくば・東京・北陸・静岡・名古屋・大阪・広島・四国・九州

【圏内関係会社】東炭化工株式会社・大和田カーボン工業株式会社

URL 
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TII -世界初に

グローJ~J

3D顕微ナノラマン装置

Nanofinder@30 
3Dイメージで化学状態を分析すると一目瞭然

-新光学設計により感度が10倍以上(当社比)アップ
今まで見えないものが見えて来る。

高速測定が可能になり測定環境を気にしない。

更に低パワーレーザー励起(サブmW)で非環壊測定0

・堅牢な設計で機械的安定度が向上

レーザー共振器設計技術と分析機器の複合技術を採用

で3D光ナノ計測における機械的ドリフトを解決

eSERS近接場光学顕微鏡対応
(大阪大学河田研究室との産学連携品)

目標イメ ジ平面空間分解能30nm目標(現80nm)
共焦点、レーザ顕微鏡でも150nm(@633nmHeNeレー
ザ一使用)達成

・3Dラマン、形状、 AFMの同位置同時計測
3D光ナノ計測に対応しサンプルを移動することなく
短時間(数分間)でイメージングする画期的測定方法です。

.偏光測定
レーザ励起側と検出側に偏光子を装備しました0

・全自動化
全ての機能はPCより制御で再調整は不要。
レーザー出力自動調整、共焦点ピンホール

・多種類のレーザー入射数
2種類まで標準で、 5種類まで同時入力が可能

.モジュールタイプで分光器の選択司

標準分光器は52cm焦点距離のイメージ分光器で回折
格子は4枚搭載。
ダブル分光器、工ッシ工jレ分光器、またはお手持の

分光器に接続可能。

.多機能
ラマン、蛍光、共焦点、顕微鏡、 AFMトポグラフィ 、
SERS(表面増強ラマン)イメージンゲ

本装置は科学技術振興事業団の独創的研究成果育成事業(平成14年度)による委託により商品化しました。

TII 株式会社東京インスツルメンツ
干134-0088東京都江戸川区西葛西 6-18-14 T.I ビル
http://www圃tokyoinst.co.jp/
大阪営業所:干532-0003大阪市淀川区宮原4-1-46新大阪北ビル

TEL 03 (3686) 4711 (代)FAX 03 (3686) 0831 
e-mail:sales@tokyoinst.co.jp 

TEL 06 (6393) 7411 (代)FAX 06 (6393) 7055 
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Total Solution focusedon. Carbon ，Nanotube 
ーとして、カーボンナノチューブの計測評価に関する様々 なソlJューション右

口微量CNTの純度・熱特性の評価
口CNTの結晶性と耐熱性の評価

口SWNTの近赤外PL3次元分布測定
近赤外フォトルミネッセンス測定システム

襲ミヲロ熱量買測定装置

置 TGA~50

口CNTの直径測定
口CNTの結晶性と耐熱性の評価
ラマン分光光度計

HoloLabシリーズ

ロあらゆるナノテク材料を観察・測定

ナノザーチ⑨顕微鏡

5FT-35口口

口CNTの直径測定
口CNTの精製前後の観察
ロCNTとポリマーコンポジット
試料の観察

走査型プローブ顕微鏡 a・h
5PM-96口口 司~

額島津製作所
京都市中京区西ノ京桑原町1

L System 

口CNTの紫外可視近赤外吸収スベクトル測定
紫外可視近赤外分光光度計

5olid5pec-37口口

ロ極小量CNTの
X線光電子分光測定

X線光電子分光分析装置

AXI5-NOVA 

ロ液中でのCNTの分散・凝集過程の評価
レーザ回折式粒度分布測定装置

5ALD-7000 

口CNTのバンドル状態の解析
X線固折装置

X円0-6100

-東京 (03)3219-5685・北関東 (048)646-0081 ・神戸 (078)331-9665 
・関西(06)6373-6556・横浜 (045)311-4615・岡山 (086)221-2511 

分析計測事業部 (075)823・1195・札幌(011)205-5500・静岡 (054)285-0124・四国 (087)823-6623 
お問合せはもよりの営業所へ・東北(022)221-6231 ・名古屋 (052)565-7531 ・広島 (082)248田4312

・郡山 (024)939-3790・京都 (075)811-8151 ・九州 (092)283・3334

・つくば(029)851-8515 



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ー502

電話:03-5570-0457 FAX: 03-5570-0462 

URL: http://www.tokyoprogress.cojp 

営業品目(詳細は URLをご覧下さい)

。ダイヤモンド類及びその他超硬材料(販売単位:グラムからキログラムまで)

1 .ショックダイヤモンド・パウダー(00): 爆薬の爆発の温度と圧力で作られるダイヤモンドで

す。高純度で最高の硬度と研磨性を持っています。

2.超分散ダイヤモンド(UOO):爆薬分子中の炭素が爆発によってダイヤモンドに変わったもの

です。 粒径は数ナノの球状ですが、集まってクラスターになっています。エンジンの潤滑剤や

エレクトロニクス産業などの高精度研磨・表面処理に用いられています

3.静圧合成ダイヤモンドーミクロンサイズ:黒鉛から高圧高温下で合成されるダイヤモンドで

す。

4.その他ダイヤモンドペースト・ BN .合成ダイヤモンド結品など

金フラーレン誘導体 (MTR社製 U.S.A.)

No. 3 水酸化フラーレン:C6o(OH)n，n =24 

No.4安定同位体置換フラーレン:C60 : 99% C13， 20""'30%置換

No. 5 安定同位体置換フラーレン:C70: 99% C13，20""'30%置換

No.6安定同位体置換フラーレン:C60/70混合物 C13，10""'15%置換

No.9 フッ化フラーレン:C60(F)36. 99% 

No. 10高次フラーレン混合物(C76，C78，C80，C82，C84) 

No. 16力ルボン酸フラーレン C60CHCOOH

(1.2-MethanbofullerenC6o)ー61-carboxylicacid 

No. 17 Bucky Fullerene -molecular hybrid C60 with Ferrocene: 

[η5 (C5H5) 2Fe]2 * C60 
No. 18 Bucky Cobaltocene -ionic hybrid C60 with Cobaltocene: 

(η5 -C5H5) 2CO * C60 
No.22アミノカプロン酸Naフラーレン:C6o(H)NH(CH2)5COONa 

No.23 ビスマロン酸エチルフラーレン:C6oC(COOEt¥ 

No.24ビスマロン酸シゃエチルフラーレン:C60[C(COOEt)2]2 

No.26 C60Br24 

No.28 C60F36 mixture of isomers (T: C3: C1=25: 70: 5) 

No.29 Endohedral metollofullerene: Gd@C82 60-80% 

No.30 LO@C82: purity 70% 

No.31 PCBM (6， 6-Phenyl-C61 ・・-Butylacid -Methylester) 99.8% 

“For plastic Solar Cells" 

No.32 C60F48 (新製品)

歪金生L安定同位体・・レアーメタル・その他の技術調査・翻訳・出版



ナノテクノEジーシグ-;(jの第二弾寿子ザヘ/

新発売ナノテクノロジーシリ}ズE

フラーレンとカーボンナノチューブ (II)

-好評を頂いた 2002年 7月発刊「フラーレン

とカーボンナノチューブJ*)の第二弾

.内外の関連特許の収録と解析実施

総計:2 ， 253 件~2001/8~2004/8

.フラーレン:466件

・カーボンナノチューブ:1，787件

・最近の新聞情報を整理し纏めた

433 件~2001/1~2005/3

フラーレ カーボンナノチューブ

フラーレンとカーボンナノチューブの最近の研究開発動向について特許情報を

整理し調査した。 2001年 8月""'-'2004年 8月までに公開された特許を分類・整

理した結果 2，253件となったが出来る限り特許請求条件を定量的に記載するこ

とを試みた。また、新聞情報もナノカーボンに関する記事 433 件~200 1/8""'-'

2005/3についてトピックスとして纏めた。

本書は解説だけでなく技術を集約させてあるので、内外のフラーレンとナノカー

ボン研究に関する動向を探求するには最適の書になると確信しております。

カーボンナノチューブとフラーレン 特許情報 CD-R版
2005年より毎月 1回刊行 105，000円/年(総額)

カーボンナノチューブとフラーレンに関する日本特許及び海外主要国特許情報

をカーボンナノチューブとフラーレンそれぞれについて、構造関連、製造関連、

応用(用途)に分類したデータベースを 1ヶ月に 1回、当年 1月から当月までを

CD-Rに下記仕様で集録し郵送致します。

• CSV形式のテキストデータ及び簡易データベース (MicrosoftAccess2000以上)

・内容:書誌事項、要約、クレーム(約 5，000文字以内)

<関連刊行物>
「フラーレンとカーボンナノチューブ」ホ 2002年7月刊 99，750円(総額)

株式会社ダイヤリサーチマーテック 干102・0083 東京都千代田区麹町6丁目 6番地
企画営業部 TEL03(522ω0734~0736 Fi立 03(5226)0741
E-mail info@drmi.co.jp URL http://www.drmi.co.jp 

※ホームページからもお申し込み頂けます。



圏ナノカーボシの
新展開

篠原久典:縦

化学1，;]人

超分子科学
一一ナノ材料創製に向けて

材料を:主t;クト白土クス"蛾料"パー1
オなど，多様な分野への応用が期待

できるフラーしンおよびカーボンナ

ノチューフ、は，多くの民間企業が重

要プ口ジェクトとして研究開発を推

進している.最新のデータに基づい

て，これらナノカーボン物質の量産

化や応用・実用化研究に向けた戦略

などを解説.

85・224頁・定価4515円

趨分子科学

中嶋直敏編著

A5・上製・488頁・定価9450円

本書は従来のホス卜・ゲス卜系超分子，分子組織体だけでなく，ナノ

材料倉Ij製にもスポッ卜を当てた，第一線研究者による超分子の集

大成である.超分子関連の研究者，技術者，院生の必読の書

化学周人刊百P://UfUfUf.畑 IIH加 dojin.co.jp (ホムページで書籍注文できます)
‘'石F 干600戸8074京都市下京区仏光寺通柳馬場西入ル TelOアラヴラ2-3373F皿 Oアラヴラ1-8301



株式会社テクノ 00I? 
干460-0012 名古屋市中区千代田 2・ 11-11 

te1: 052 -251 -8771 (総務部) fax: 052 -264 -9501 

te1: 052 -251 -8772(第一営業部) fax: 052 -251-2138 

te1: 052 -251四 8773(第二営業部) fax: 052 -251-2138 

URし:http://www.tekunishi.com 

d5'@/J芳之?望書'êJ':t5の、そ~nl.フ煽左5の政破gaです

総合力ゆえに情報力、提案力がちがいます。同業他社では

望むことのできない総合力が、たとえば設備単体ではなく、

システム全体の提案をも可能にします。そうしだ総合力を活

かし、有用性の高い情報を幅広く提供する一方で、課題解決

型の営業を展開。お客様が抱える問題点の発見と解決に努め

ております。

宵研究開発分野
.j凡用科学機器

・分析機器
-実験室設備
*日質保証分野
-試験機器
宵環境保全分野
-環境測定機器

【取扱い分野】

責特殊機器分野
-特殊機器製作
貴教育機器分野
.理化学機器
・視聴覚機器
-教育用教材機器
・家具・遊異

女福祉分野
・福祉機器
責保健分野
-保健関係機器
貴情報分野
-情報機器
・事務用機器
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NanoFrontier L 

目立高速液体クロマトグラフ 目立分光蛍光光度計

F-2500 

目立ダフルビーム分光光度計 l 目立ダイオートプレイ型
バイオ光度計

SH-8000Lab 

U-0080D 

目立分離用超遠心機

MmacCPWXシリーズ

コロナ
マルチマイクロプレートリーダ

MTP-800Lab 

目立ハイテクノロジーズは、バイオ解析・創薬支援システムの提供から受託解析サービスまで、

世界最先端のバイオ・ソリューションをお届けし、お客様と共に生命の新たな未来を切り拓いていきます。

その先は、まだ誰も経験したことのない世界。しかし、私たちはもう歩き始めてL悼す。

⑥株式会社目立ハイテクノロジ‘ーズ干10日 717東京都港区西新橋一丁目24番14号電話ダイヤルイン(回)3脳同7211
北海道(札幌)(011)221・7241 東北(仙台)(022)264・2211 筑波(志満)(029) 825-4817 中部(名古屋)(052)219・1683
静岡(054)262・0561 三島(055)989・7571 関西(大阪)(06)4807・2551 京都(京都)(075) 241-1591 
四国(高松)(087)825・9977 中国(広島)(082)221-4518 九州(福岡)(092)721・3501 沖縄(那覇)(098)863・8295



|製品名 目-~M霊霊Eヨ・
|HiPco As P削!llm.-未精製品_1-E園盟国
HiPco Purified (精製品-園田署園置圏・

圃圃圏 5wt廻・HiPco Su er Pure三里町時-

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104-8610東京都中央区晴海1-8・11
URL www.sumitomocorp.co.jp/section/joho/nanotube.shtml 



もっと、向こうへO
風は、東レグループから。

思議蟻・ファッシ議ン
東レ・デユポン オベt:Iンテックス 犬猿扶桑紡富農 業レ・ラユキスタイル

弁波テキスタイル マツモト・テキスタイル 言葉洋益事長

東レコーテyクス 策季語織物{大級)J{レ-.:cノフィラメント

東洋タイヤコード翼宣言挙管綴 丸一繊維創粉テキスタイル

ー村幾重量 JL後 J{レ考もの簸発 東レフィッシング
策レヱクセーヌプラザ 東レ・デイプロモード

サンリッチモード サンヱオリジン

日本アパレルシステムサイエンス

信議事

策レアイワ…ブ 東レインターナシ忍ナJv話題策ゼネラルサービス

寮レアルファート 緩王室

蹟プラスチック・ケミカル
家レフィJv，ム加:ε 東洋プラスチyク織ヱ 東レペフ線二Cd義
東レ・ダウコーニニング 東レ・ファインケミカル 滋a香料

麗盤s;;.エンジニアリング
J{レ建設業レA偲策レエンジニアリング家レ・プ妙ジョン 3静水銀漣メンテ3トンス
氷濯機工

灘援譲・麓嬢

3震いメディカル

盤場報・サ欄鵬ピ:ぇ

業レリサーチセンター 東レシステムセンタ由 来レ・l:吋シーエス J{レ緩滋続発事野

幾レエンタープライズ実1111;*うfJvJ震いヱージ会ンシ一家いトラベル)東洋楽祭

3範添濠総 3範レ知約総選Eセンター滋賀:4:時ブルネッドワ叩ク ヱイトピア鎌倉テクノサイミEンス

模様会経路内123縁、海外109，投

'TORAY~c~ 
東レ撚式会社



世界最高宿場NMR
JNM-ECA920高分解能FTNMR装置
日本電子は、独立行政法人物質・材料研究機強磁場構研究セン
ターに世界最高の磁場(21.6T)で動作する920MHz高分解能
NMRスペクトロメータ-JNM-ECA920を納入致しました。
理化学研究所ゲノム科学総合研究センターの協力を得て行われ
たこれまでの測定では世界最高の磁場に相応した結果が得うれ
ております。

※弊社ホームページ WWW.j巴口I.co.jp/妓術情報，分析機器かうと覧]頁けます。

JNM-ECA920で測定した lmM'3C/"N

ラベルユピキチンのHNCACB3Dデーヲ

《資料ご提供》

独立行政法人物質・材料研究機構

強磁場研究センター

dEDL 

ナノ鍍揮を周<FE電子原微鏡
JEM・2100F電界放出形電子顕微鏡
高輝度で干渉性の高い電子線を供給する電界放出形電子銃(FEG)は、

高分解能観察やナノ領域分析に欠かせない装備です。JEM-2100Fは、

デジタル化を一層進め、装置の機能を十分に発揮できるインテグレー

ションTEMです。

本社ー昭島製作所干 196.855日東京都昭島市武蔵野 3 ー 1 - 2 "(042)543.1111 
営業統括本部〒 190.0012東京都立川市曙町 2-8-3 新鈴春ピル 3F "(042)52日-3353
札明 ω11)726-9680 . (仙台 (022)22ι3324・世班 (02日)856-3220・東京 ω42)528-3211 官長 (045)47牛2181
名古屋(口52)581-1406.大阪(口6)63口4-3941 広島 (082)221-25日日高松の87)821-84自7 福岡(092)411-2381 



レ回口jココ:二;璽至璽亙璽垣聖豆童塾司思鯉諜諮監P
半導体工場即J¥りンド阿フI'':J'J2006;鰐誇i震罷聖詑;:ι1:工午:LLL円円附…(体本
液縮品'PDp.ELメーカー計画鶴哲男P鞄諜:告書官立14.000
アジア半導体/縮ハンドブック2005智智和沼
化合物半導体最前線2005司君臨;諮問問
半導体産業会社禄型野間;謹諸諜宅rfr!r;r;:::ニ!:::::::::;:ご江1:!:江1!:11 

5ニニニに) ;;::ιι 
プリント固路メ-力-総覧雫留FE響鷺普:h?出品話5併智問思鰐脅
半導体産業計酉総覧型留P罷1窓R;詰士古fご:ニ士Z工乙9叩削川叩日∞附附8∞嗣0胴円
半 導体産業新聞2鮪農伊版智窓轡臨臨予桔藷;富;部謹謂宮tEi!官主rf古7f古ff : 
燃料電池産業総覧 喜穐宅鰐壁士?士:ι体18日∞0 



励起・蛍光スペクトル針演IJシステム
カーボンナノチューブにおける励起・蛍光スペクトルの2次元マップ計測に最適!

株式会社ラムダビジョン
〒242-0001神奈川県大和市下鶴間505-1
TEL 046-272-5666 FAX 046-272-5716 
E-mail: user@lambda-vision.cojp 

Web : http://www.lambda-vision.cojp 

税込み櫨格;700万円
女装置構成

.PLE.250S本体
・感度補正用小型分光器

-測定用パソコン

K Lgz 



Memo 

オフィス・実験室を

充実化・改修

おまかせ!

(有)章生息声庖
千 458-0847 名古屋市緑区浦里4-207
.TEL--052-891-8125 
FAX 052-891-3957 

スチール製品・力一子ン・力ーへQツトブラインド・木製家具



-出前仕出し恕します。

0120-044551 

国営業時間午前 1 1:30~午後 2:00

午後 5∞~午後 11:00

(ラストオーダーlel窃苫J)分部

ランチあります

天白区泡釜口・名古屋銀行北

f:834-1203 

きゅん・子iゴ、処 手介
お薦めメニュー

O みそ煮込みうどん
O きしめん
O そば
麺類以外にも、井などもあります。五5tな屋市え<!liV長公司三寸Iil508番地

(電持 o5 2 -8 3 3 -5 048 
為城大学本l勺γ弘1. 3分。

副営業時間 午前 llJ1寺~午後 2ft寺

午後5時"-'8 n寺30分

-ランチ 680円 (5種類)"-' (ランチの種類は多数あります)
1月8日(日)も、特別にランチメニューいたします。

1月9日(月・祝)は、お休みします。

一一一一一一一」

-営業時間 午前8時~

…
別
b
p
 
u
 

人

ω
C

園モ)ニング 午前8時"-'1 0時

A ドリンク+王子+トースト+サラダ

B ドリンク+ホットケーキ+サラダ

C ドリンク+ホットドック+サラダ

4 2 0 Pi 
4 8 0 pj 

530 円

特別に、 1月81=1 (日)、 9日(月・祝)も営業。

ランチいたします。

-ランチタイム 午前 11時~午後 2時

ランチ 680円(ドリンクなし)
840円(ドリンク付き)

名古屋市天白区塩釜口 1・648
TEL: 052司834-2629

手打めん処

‘うるぎ'は健康のことも考えて… A湾冨W

鞍革Eそば茶 、油はこめ泊を使ってます!"!W l' 

8るきや
《営業時間》

月~土/AM11:0u'""PM 2:15 
PM 5:45""AM 0:00 

日・祝/PM 4:45'"" 11:00 

議議

お薦め

TEL:052-833-6552 
O ランチ

メーュー O うるぎ定食(お米もそばもおかずもボリューム満点
o チーズカレーうどん (とろ一り伸びるチーズとほど良いカレー。締めのうどんの絡み具合が絶妙け



う:うなぎ

そ:そi議場うどん

す:舞鶴

と:とんかっ

学:室参裳

フン

そ

'aA炉~RI
めベノ郊ラるさヂ



Jl¥i 

LCo9201/9204 

+Lc.9101 繊測量モデル
専照めGPC:hラム (20φX6∞mm)t:~産着すれば、分離費量t:君臨とすこ
となく、常務3∞mgを議入ずることができます.対MR謀略震に気分な最を
分取できるよ.分子濠分寺輪灘定など領事撃濠続料め分訴にも議しています昏

+LCo9102 グラジヱントモデル
グラジヱントとりサイクルがワンタッチで電車鯵えられます盆
低a4濠混合グラジエントが標準重量量廃されています.務aグラジヱント・
波蒙ダラジエントの:コント際司ラーが内蔵されているので、応規軍基鐙が広

がります，

+LCo9官04*-張分型車モデル
耳草剤のGPCカラム (40やx600mm)を義清すれば、試料処理重量I立、
し.c-9101 書誌の豹4鎗a 霊堂終注入から分取~で鴎磁化されています.また、
ODS・シリカカラムなど、大量分草RF障カラムの儀費量を最大限に引き滋"t緩
覆段者tt再縁されていますs

+LC・9201/LC-9204::2ンパタトモデル
手金書草分取に1t君事のあるしCゆ101塑の高い数髭を受縫務官がふサイズ署長コ
ンパタトにし、奇襲スペFス{~と低癒格化委案渡しまし . LC-9204重量拡大
口議カラムの量産鱗も可能です。

高分子分析の未来と取り組む!

日本分析工業株式会社
URL : httpllwww.jai.co.jp/E叩 mail:翰 les-l@出.coJp

口本社・工機:宇1時措13 東京都頭多目医郡端種問武灘208 τEL 042-557-2331 FAX悦2-557-'1槌2
口大阪営業所:学532べ獄)2大阪市議JII区東三国5-13-8-303τEL部-6393-8511FAX部-6393-8525





nanom フラーレン関連製品(フロンティアカーボン株式会社製)

銘柄
取扱数量

(注2)
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酸化フラーレン
19-

(注1)当該数値は代表値であり、
(注2)大学、公的研究機関様向けに

【開発・製造元}

e e Fron伽 CarbonCorporation 
フロンティアカーボン株式会社
104・0031 東京都中央区京橋1・8・7
京橋日殖ピル5F

TEし03-5159帽6880FAX.03-5159-6872 

【問い合わせ先1

4砂第一実業績式怠社
新規事業推進室(担当:原)
干102-0084東京都千代田区二番町11番19号

興和二番町ビル
TEL.03欄5214-8614FAX.03・5214・8501
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