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プログラム早見表

受付 8:00- 受付 8:00- 受付 8:00-

9:00 9:00 
特別講演 特別講演 特別講演

9:301 
(飯島澄男) (田代健太郎) (森口勇)

9:30 
一般講演4件

9:30 
河I;zp再{貝生 1ι十

一般講演4件 (金属内包フラーレン) (ナノホーン・内包ナノ
(ナノチューブの物性) (フラーレン生成・高次フ チューブ)

10:30 
ラーレン)

10:30 
(ナノチューブの応用)

休憩 休憩 休憩
10:45 10:45 10:45 

一般講演5件 一般講演5件 一般講演5件
(ナノチューブの物d生) 飯島賞受賞対象者講演 (ナノチューブの応用)

12:00 l E12:00 12:00 

昼食 昼食 昼食

13:00 13:00 13:00 
特別講演 総会 特別講演
(Lunhui Guan) 13: 15 (二瓶史行)

13:30 特別講演 13:30 

一般講演4件
(表研次) | 一般講演2件

13:45 (炭素ナノ粒子・その他)
(ナノチューブ:生成と精

一般講演3件 14:00 
製)

大津賞受賞対象者講演
14:301 14:30 

休憩 休憩 1 ポスタープレビュー14:45 

一般講演5件
一般講演4件

(フラーレン固体・フラ
(ナノチューブ:生成と精

レンの化学)
15:00 

製)

ポスターセッション

ポスタープレビュー
ポスタープレビュー 16:30 

ポスターセッション
ポスターセッション

懇親会
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Time Table 

Registration (from 8 am) Registration (from 8 am) Registration (from 8 am) 

9:001 9:00 9:00 
Special Lecture Special Lecture Special Lecture 

9:301 
(S. Iijima) (K. Tashiro) (1. Moriguchi) 

9:30 9:30 
General Lecutures [4J General Lecutures [4J General Lecutures [4J 
(Properties of CMetallofullerenes) (Nanohorns and 

10:301 
Nanotubes) (Fullerene Formation) Endohedral Nanotubes) 

10:30 10:30 
Break Break Break 

10:45 10:45 

Lectures by Candidates 
General Lecutures [5J 

(Properties of (Applications of 
Nanotubes) 

for the Iijima Award [5J 
Nanotubes) 

12:00 

Lunch Lunch Lunch 

13:00 13:00 
Special Lecture Meeting Special Lecture 
(L. Guan) 13:15 (F. Nihey) 

13: 30 ~ Special Lecture 13:30 

General Lecutures [4J 
(K. Omote) |GeneralM-凶

(Formation and 
13:45 CScience of Nanocarbons) 

Purification of Nanotubes) Lectures by Candidates 14:00 
for the Osawa Award [3J 

14:301 14:30 
Break Break I Poster Preview 14:451 14:45 

General Lecutures [5J General Lecutures [4J 
(Formation and (Fullerene Solids，目

15:00 
Purification of Chemistry of Fullerenes) 
Nanotubes) 

15:45 

削 01
Poster Session 

Poster Preview 
Poster Preview 16:30 

16:45 

Poster Session 
Poster Session 

Banquet 
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座長一覧

7月11日(水) (敬称略)

時 間 座 長

特別講演(飯島) 9:00 - 9:30 中嶋直敏

一般講演 9:30 - 10:30 片浦弘道

一般講演 1 0 : 45 - 12: 00 村越敬

特別講演 (Guan) 13 : 00 - 13: 30 坂東俊治

一般講演 1 3 : 30 - 14: 30 岡崎俊也

一般講演 14 : 45 - 1 6 : 00 牧英之

ポスタープレビュー
16 : 00 - 17: 00 

竹延大志

小塩明

7月12日(木)

時 間 座 長

特別講演(田代) 9:00 - 9:30 藤ヶ谷剛彦

一般講演 9:30 - 10:30 米村弘明

一般講演 1 0 : 45 - 1 2 : 00 若林知成

特別講演(表) 1 3 : 15 - 1 3 : 45 森田良美

一般講演 13 : 45 - 14: 30 吾郷浩樹

一般講演 14 : 45 - 15: 45 北浦良

ポスタープレピ、ユー
1 5 : 45 - 1 6 : 45 

菅井俊樹

野田優

7月13日(金)

時 間 座 長

特別講演(森口) 9:00 - 9:30 中嶋直敏

一般講演 9:30 - 10:30 大野雄高

一般講演 1 0 : 45 - 11 : 45 前田優

特別講演(二瓶) 13 : 00 - 13: 30 水谷孝

一般講演 13 : 30 - 14: 00 柳和宏

ポスタープレビュー
14 : 00 - 1 5 : 00 

梅山有和

新留康郎

-3-



7月11日(水)

特別講演発表25分・質疑応答5分
一般講演発表10分・質疑応答5分
ポスタープレビュー発表1分・質疑応答なし

特別講演(9:00-9:30)
IS・1 産総研/ナノカーボン研究センターにおけるカーボンナノチューブの研究:基礎と応用
飯島澄男

一般講演(9:30-10:30) 
ナノチューブの物性
1・1 単層カーボンナノチューブ、における環境効果
0宮内雄平、斎藤理一郎、佐藤健太郎、大野雄高、岩崎真也、水谷孝、 JieJiang、丸山茂夫

1・2 サファイア上に配向したSWNTのカイラリティの結晶面依存性
0石神直樹、吾郷浩樹、今本健太辻正治}くonstantinlakoubovskii、南信次

1・3 酸素分子およびオゾン分子によるカーボンナノチューブの酸化
0河合孝純、宮本良之

1・4 金属表面に吸着した単層カーボンナノチューブ、ラマンスベクトルの構造依存性
武田憲彦、 O村越敬

ヲ公安交官公安食休憩 (10:30-10:45) 女安安安女大

一般講演(10:45-12:00) 
ナノチューブの物性
1-5 カーボンナノチューブに対する電界ドープの第一原理計算
0内田和之、岡田普

1・6 ボ、ロンドーフ。した多層ナノチューブ集合体における可変長ホッヒ。ング伝導

0坂東俊治、沼尾茂悟、飯島澄男
1・7 ホウ素ドープカーボンナノチューブの電子構造
0是常隆、斎藤晋

1-8 単層カーボンナノチューブの光学遷移におけるカイラル角依存性と励起子効果
0佐藤健太郎、禁藤理一郎、 Ji巴Jiang、GeneDresselhaus、Mildr巴dS. Dress巴lhaus

1-9 一軸引っ張り歪印加による孤立単層カーボンナノチューブ、のバンド、ギャップ連続制御

0牧英之、佐藤徹哉、石橋幸治

*女ヲ令官た*女昼食 (12:00-13:00) ..，公安安安食会

特別講演(13:00-13:30) 
IS・2 HRTEM Imaging of the Doped Single-walled Carbon Nanotubes and Full巴reneNanopeapods 

Lunhui GUAN 

一般講演(13:30-14:30) 
ナノチューブ、:生成と精製
1・10 ナノチューブ、成長モデル一成長過程におけるカイラル依存性一
0阿知波洋次

1-11 カーボンナノチューブの成長に関する炭素透過法の研究
O日方威、林和彦、水越朋之、桜井芳昭、石神逸男、青木学聡、瀬木利夫、松尾二郎

1・12 ディーゼル煤からの単層カーボンナノチューブの生成
0内田貴司、橘勝、小島謙一

1・13 残留触媒が無し、SWNTフォレストに不純物はないのかつグラフィティック炭素不純物の存在
0保田論、平岡樹、二葉N ドン、湯村守雄、飯島澄男、畠賢治

ヲた*..，公安食食休憩(14:30-14:45) 安食会食ヲ公安

一般講演(14:45-16:00) 
ナノチューブ:生成と精製
1・14 コンビナトリアル手法を用いたカーボ、ンナノチューブ、触媒成長の基礎と応用
0野田優、杉目恒志、長谷川馨、寛和憲、丸山茂夫、山口由岐夫

1・15 Co-フェリチン触媒を用いたCVDによる単層カーボンナノチューブP成長のその場ラマン観察
0内田貴司、田沢雅也、山寄明、小林慶裕
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7月11日(水)

1・16 気相触媒化学蒸着によるカーボンナノチューブ、のための触媒ナノ粒子のサイズ、制御 48 
0大原賢治、根尾陽一郎、三村秀典、井上翼、石田明広

1-17 インパクタ法で分級した触媒微粒子による2層・単層カーボ、ンナノチューブの低温成長 49 
0近藤大雄、佐藤信太郎、山口佳孝、岩井大介、粟野祐二

1・18 単層カーボンナノチューブPのCVD成長フ。ロセスにおけるSi02上の触媒観察 50 
0村上俊也、長谷部祐樹、木曽田賢治、西尾弘司、一色俊之、播磨弘

ポスタープレビュー(16:00ー17:10) 
ポスターセッション(17:00-18:00) 

フラーレンの化学
lP-l フェノチアジン C60連結化合物の光誘起分子内電子移動反応からのビラジカルにおける新規融場効果と時間分解 79 
EPRスベクトノレ
0米村弘明、森部真也、脇田佑哉、山田淳、藤原好恒、谷本能文

lP-2 sーカロテン退色法による水溶性[60Jフラーレンならひ、に[60Jフラーレンエポキシドの抗酸化能の速度論的評価 80 
0小久保研、後藤忠示、都賀谷京子、青島央江、大島巧

lP-3 フラーレンを用いたカーボン/エポキ、ン複合材料の界面制御 81 
田島右副、 O山崎大輔、松浦孝伯、沼田陽平、川村博昭、大背戸浩樹

lP-4 結晶性C60とC70の材料電気伝導率の温度依存性 82 
0河野剛、高倉剛、高瀬剛、中村英嗣、孫勇

lP-5 イリジウムポルフィリン環状二量体 著しく高い親和性 83 
0柳沢誠、田代健太郎、相田卓三

lP-6 クロラミンTのフラーレンへの付加一環化における選択性の制御 84 
0在岡亮治、南方聖司、小松満男

lP-7 酸素雰囲気におけるフラーレンと水のメカノケミカル反応による水酸化フラーレンの効率的合成 85 
。石山雄一、渡辺洋人、仙名保

lP-8 フラーレンC60およひ、関口C60誘導体の二価アニオン種に内包された水素分子のNMR観測 86 
0村田理尚、越智雄大、回遵史行、村田靖次郎、小松紘一

lP・9 高い溶解性を有するフラーレン誘導体とそのプロセス開発 87 
0橋口昌彦、出島栄治、矢野智美、田中克知

lP・10 ニトロフラーレン中間体を用いたアミノフラーレン誘導体の合成
0関戸大、大野正富

金属内包フラーレン

88 

lP-ll Luクラスタ 内包フラ レンの光電子分光 89 
0宮崎隆文、加藤真之、古川浩之介、隅井良平、梅本久、沖本治哉、菅井俊樹、篠原久典、日野照純

lP-12 Gg@C82のBingel反応付加体のESRスベクトノレ 90 
0金住誠、竹松裕司、若原孝次、土屋敬広、古川貢、赤阪健、加藤立久

lP・13 アルカリ金属内包フラーレンのキャラクタリゼーション:凝集クラスター構造 91 
0岡田洋史、表研次、笠間泰彦、横尾邦義、小野昭一、宮崎孝道、安東真理子、前川英己、秋山公男、小室
貴土、飛田博実

lP-14 Pr@C82の可逆的構造転移と構造解析 92 

0北浦良、北村豊、沖本治哉、西堀英治、青柳忍、坂田誠、篠原久典

フラーレン固体
lP-15 マグネシウム添加アラーレン化合物の金属相 93 
0平郡諭、木全希、小林本忠

lP-16 ナトリウム添加フラーレンNaxC60の超伝導 94 
0木全希、平郡論、小林本忠

lP・17 C60(1l1)面上における銅フタロシアニンの分子線エヒ。タキシ一成長 95 
鈴木秀俊、山下イ有佑、 Oノl、島信晃、山口真史

ナノチューブ、:生成と精製
lP-18 アルコール封入CVD法によるサブ、ミリメータ長SWNTの合成 96 
0鈴木義信、島津智寛、大島久純、丸山茂夫

lP-19 触媒構造変化によるカーボンナノチューブのミリメーター成長の停止 97 
0諸隈慎吾、長谷川馨、野田優、丸山茂夫、山口由岐夫

lP-20 直径制御したRh/PdおよびCo粒子からの触媒担持化学的気相成長法による単層カーボ、ンナノチューブの成長 98 
0小林慶太、北浦良、熊井葉子、後藤康友、稲垣伸二、篠原久典

lP-21 白金触媒を用いた直径の細し、単層カーボンナノチューブ?の生成 99 
0浦田圭輔、鈴木信三、長津浩、阿知波洋次
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7月11日(水)

lP-22 Fe/Co/Mo触媒およびMgO担持体を用いたCVD法によるDWNTの効率的成長 100 
0内藤亮治、村上俊也、長谷部祐樹、木曽田賢治、西尾弘司、一色俊之、播磨弘

lP-23 水素直流アーク放電で合成されたSWNTsの精製 101 
OB. Chen、鈴木智子、越新洛、井上栄、橋本剛、安藤義則

lP-24 液中日中における配向カーボンナノチューブ、のl段合成 102 
O山際清史、三上真史、竹内恒晴、山口吉弘、岩尾有里子、斎藤守弘、桑野潤

lP-25 温度勾配を利用したカーボンナノチューブの直径分布の制御 103 
O中山崇、鶴岡泰広、鈴木信三、阿知波洋次

lP-26 ACCVD法による垂直配向SWNT合成における反応条件と触媒条件のマッチング 104 
0杉目恒志、野田優、丸山茂夫、山口由岐夫

lP-27 ブラシ状カーボンナノチューブ、の成長における残留アセチレンガスの影響 105 
O山口整郎、 j番路軍、秋田成司、中山喜蔦

lP-28 低圧エタノーノレCVDによるカーボンナノチューブ、成長の触媒金属に関するその場光電子分光による研究 106 
0前回文彦、鈴木哲、小林慶裕

lP-29 カーボンナノチューブP及び触媒微粒子のTEM平面観察とSWNT成長における触媒活性の検討 107 
0長谷部祐樹、村上俊也、木曾田賢治、播磨弘、西尾弘司、一色俊之

lP-30 膜厚を連続的に変化させた触媒からのカーボンナノチューブ成長の不連続性 108 
0寛和憲、里子回優、丸山茂夫、山口由岐夫

ナノホーン
lP-31 Close-Op巴n-CloseEvolution of Holes in Single←Wall Carbon Nanohorns Caus巴dby Heat Treatment 
0市晶、湯田坂雅子、宮脇仁、弓削亮太、河合孝純、飯島澄男

lP-32 シスプラチン徐放のためのシスプラチン内包ナノホーンの化学修飾
0安嶋久美子、湯田坂雅子、村上達也、張民芳、飯島澄男

lP・33 葉酸標識カーボンナノホーンの癌細胞への選択的取り込み
0宮脇仁、村上達也、湯田坂雅子、安嶋久美子、張民芳、津田浩秀、土田邦博、飯島澄男

lP圃34 アーク放電法によって作製されるボロンドーフ。ナノホーン粒子
0原田学、稲垣貴之、坂東俊治、飯島澄男

lP-35 過酸化水素処理で損傷したカーボンナノホーンの先端構造の電子顕微鏡観察
O山口貴司、坂東俊治、湯田坂雅子、飯島澄男

lP・36 カーボン・ナノホーンの超遠心分離
O田村豪主、坂東俊治、湯田坂雅子、飯島澄男

109 

A
U
 
--

111 

112 

113 

114 

ナノチューブの物性
lP-37 ホウ素添加MWNTにおける伝導率の増加
0石井聡、渡遁徹、小河原昭吾、奥津貴史、冨岡史明、上回真也、津田俊輔、山口尚秀、高野義彦

lP-38 その場観察電子顕微鏡法による架橋した多層ナノチューブの電子輸送
鈴木泰伸、安坂幸師、 0斎藤弥八

lP-39 紫外ラマン分光による単層カーボンナノチューブの評価
0片浦弘道、宮田耕充、真庭豊、柳和宏

lP-40 単層カーボンナノチューブ守と高配向性グラファイトのラマンスペクトルの温度依存性
0北田典央、加藤健一、小島謙一、橘勝

115 

116 

117 

118 

lP・41 Effects of doping to the G'Raman spectra of single and double-wall carbon nanotubes 119 
OEduardo B. Barros、JinSung Park、GeorgiiG. Samsonidze、RiichiroSaito、MildredDresselhaus 

lP-42 DNA!MWNTの結合系創製とDNA薄膜の電気特性 120 
0井出光隆、替藤允俊、河野浩明、村田尚義、春山純志

lP-43 蜂の巣配置された多層ナノチューブアレイにおけるマイスナー効果 121 
0村田尚義、春山純志、上回延輝、松平将治、八木優子、中村仁、野沢響子、清水台生、 ErikEinarsson、千足昇平、
丸山茂夫、菅井俊樹、岸直希、篠原久典

ナノチューブの応用
lP圃44 シクロデキストリン←カーボンナノチューブ?複合体を用いたゲスト応答性カーボンナノチューブヒドロゲル 122 
0生越友樹、山岸忠明、中本義章、原田明

lP-45 ゲスト分子シクロデキストリン包接錯体によるカーボンナノチューブの可溶化 123 
0生越友樹、山岸忠明、中本義章、原田明

lP-46 カーボンナノチューブ、/PVAコンポジット材料を用いた偏光子の作製 124 
。庄司暁、鈴木秀昌、河田聡

lP・47 カーボンナノチューブ、合成基板電極上で、のグルコースオキシダーゼの直接電子移動反応 125 
冨永昌人、 O野村真也、西村敏史、谷口功

lP-48 カーボンナノチューブ、膜の作成と物性 126 
0宇尾基弘、赤坂司、阿部薫明、互理文夫、笹森賢一郎、木村久道、佐藤義倫、回路和幸
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7月11日(水)

lP-49 表面修飾を施した高結晶性単層カーボンナノチューブpの電気二重層キャパシタンス 127 
。荻野真一、佐藤義倫、名村優、大泉豆、紙透浩幸、本官憲一、伊藤隆、パラチャンド、ランジャヤデワン、回路和幸

その他
lP-50 Fabrication ofCarbon Nanotubes Through MetalイreeChemical Vapor Deposition 128 
OJarrn-Homg Lin， Hui-Ling Ma， Ching-Shiun Chen， Chen-Yin Hsu， Hsiu-Wei Chen 
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特別講演(9:00-9:30)

7月12日(木)

特別講演発表25分・質疑応答5分
一般講演発表10分・質疑応答5分
ポスタープレビュー発表1分・質疑応答なし

2S-1 ナノカーボン/金属ポルフィリン複合化の精密制御 国代健太郎 29 

一般講演(9:30-10:30)
金属内包フラーレン
2-1 (M2C2@C82)(C6H5CH3)と(MZC2@C82)(C6H5CH3)2の結晶構造 51 

0西堀英治、石原将行、寺内伊久哉、青柳忍、坂田誠、高田昌樹、井上崇、伊藤靖弘、梅本久、森部裕江、篠原
久典

2・2 エノレビウムカーバイド、内包フラーレンの1.5μm近赤外蛍光 52 
0伊藤靖浩、岡崎俊也、大窪清吾、赤地祐彦、沖本治哉、大野雄高、水谷孝、中村哲也、北浦良、菅井俊樹、篠
原久典

フラーレン生成・高次フラーレン
2・3 タイタン衛星は炭素クラスター合成工場ではないか?ー衝突合成実験よりー
0三重野哲、長谷川直

2-4 極性溶媒中におけるSWNTフラーレン超分子複合体の光誘起電荷分離
0伊藤攻、荒木保幸、アツーラサンダナヤカ、ルグーチイ夕、フランシスドゾーサ

官公女1公安1公安休憩 (1 0:30-1 0:45) 女女ヲ令官公安安

一般講演(10:45-12:00) 
飯島賞受賞対象者講演
2-5 

2-6 

2・7

2-8 

2・9

Optical Enrichment of SWNTs 
OXiaobin Peng、NaokiKomatsu、TakahideKimura、AtsuhiroOsuka 

内包色素分子にとって透明なカーボンナノチューブの開発
O柳和宏、宮田耕充、片浦弘道
カーボンナノチューブ中の飽和炭化水素鎖の電子顕微鏡観察
0越野雅至、田中隆嗣、ソリン・ニクラス、末永和知、磯部寛之、中村栄一
ZnPcナノホンー蛋白質ナノハイブリッド、の構築とその光線力学治療への応用
。張民芳、湯田坂雅子、安嶋久美子、宮脇仁、飯島澄男

半導体微粒子からのカーボンナノチューブ成長
0高木大輔、日比野浩樹、鈴木哲、小林慶裕、本間芳和

"*:..，令官た女女"*:昼食 (12:00-13:00 ) 女女1公安食女

総会(13:00-13:15)

特別講演(13:15-13:45)
2S・2 Li@Cωの合成表研次、笠間泰彦

一般講演(13:45-14:30)
大津賞受賞対象者講演
2-10 新規開発したパルスイオンバルブ、によるイオン移動能測定
0菅井俊樹、篠原久典

2・11 HRTEMによるC60フラーレン単分子の観察と電子ビームによるC60フラーレンの変形過程

0劉崎、末永和知、 AlesMrzel、片浦弘道、飯島澄男
2・12 化学修飾によるフラーレンケージに内包された金属原子の配向制御
O山田道夫、染谷知香、若原孝次、土屋敬広、赤阪健、前回優、与座健治、溝呂木直美、永瀬茂

"*:..，た"*:食会食休憩 (14:30-14:45)女安食事公安安

一般講演(14:45-15:45)
フラーレン固体・フラーレンの化学
2・13 十二重および十三重付加型[60Jフラーレンの合成，構造および光学特性
0藤田健志、松尾豊、中村栄一
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57 

58 

59 

30 

60 

61 

62 

63 



7月12日(木)

2・14 トリアリールメタン色素系カチオンで、安定化したC60フラーライド、単結晶の示す低次元カラム配列

0森山広思、杉浦崇仁
2・15 多様なアルカンチオールでイ彦飾されたAu電極を用いたC60薄膜FETデバイス

0太田洋平、川崎菜穂子、長野高之、藤原明比古、久保園芳博
2・16 フラーレン繊維の作成と重合
Oスディップマリック、藤田典史、新海征治

ポスタープレビュー(15:45-16:45) 
ポスターセッション(16:45-18:15) 

フラーレン生成・高次フラーレン
2P-1 金属および半導体カーボンナノチューブP上の吸着原子に働く電流誘起力
Oイヴ、アンギラード、山本貴博、渡辺一之

2P・2 フラーレンの形成過程
0上野裕亮、斎藤晋

フラーレンの化学

64 

65 

66 

129 

130 

2P-3 c60ーフェノチアジン系の混合ナノクラスターを修飾した電極の形態・電気化学・光電気化学特性に及ぼす磁場印加 131 
プロセスの効果
O脇田佑哉、米村弘明、黒田憲寛、山田淳、藤原好恒、谷本能丈

2P-4 [70Jフラーレン三重付加体の合成と電気化学特性 132 
0一木孝彦、松尾豊、中村栄一

2P・5 フラーレン類によるPMMAの熱分解抑制機構
0寺田智仁、松浦孝伯、佐々木健夫、田島右副

2P-6 インドリノ[50Jフラーレンの合成及び電気化学的性質
0)11嶋淳一、原拓生、松浦孝伯、沼田陽平、田島右副

金属内包フラーレン
2P-7 Scカーバイド、内包フラーレンの固体NMR
0沖本治哉、 WilhelmHemme、伊藤靖浩、 HelmutEckert、篠原久典

2P-8 M@C74の構造と振電相互作用

0佐藤徹、葛本泰崇、徳永健、今堀博、回中一義
2P-θ9 s叩pi廿凶r印O叫[2-Adaman凶l此ta叩n児e-一一一乞3'一寸3H←一一Di臼azmn汀me凶1との反応によるLi@C6ω0の化学修飾
0石川真介、小室貴土、岡田洋史、表研次、笠間泰彦、横尾邦義、小野昭一、飛田博実

2P-10 Sc@CS2の構造と電子的特性

0蜂屋誠、飯塚裕子、若原孝次、土屋敬広、前回優、赤阪健、溝呂木直美、永瀬茂

133 

134 

135 

136 

137 

138 

2P・.11 Missing Metallofullerene: La@C2n 139 

0二川秀史、菊池隆、山田智也、若原孝次、仲程司、 G.M. Aminur RAHAMAN、土屋敬広、前回優、赤阪健、与
庫健治、 ErnstHORN、山本和典、溝呂木直美、 ZdenekSlanina、永瀬茂

フラーレン固体
2P-12 振動リード法によるフラーレン薄膜の内部摩擦測定 140 
0脇田慎也、松本修一、吉井尊範、桐本賢太、孫勇

2P-13 パーフルオロアルキノレ基を有するC60誘導体塗布膜のTFT特性 141 

0近松真之、板倉篤志、吉田郵司、阿澄玲子、八瀬清志
2P-14 ホール輸送材料の量子化学的設計:水素化フラーレン 142 
0徳永健、大森滋和、川畑弘、松重和美

2P・15 圧縮粉末及びJ夜中成長したフラーレンの自由電子レーザー照射によるポリマー化 143 
0岩田展幸、安藤慎悟、飯尾靖也、野苅家亮、山本寛

2P-16 Mg ドーブ℃ω薄膜の電気伝導特性 144 

0小島信晃、寺山隆志、鈴木秀俊、名取雅人、山口真史
2P-17 内包H2@C50の物理的物性 145 
0谷垣勝己、良知健、熊代良太郎、村田靖次郎、小松紘一、垣内徹、 j宰博、小j賓芳充、泉沢悟、川路均、阿竹徹

炭素ナノ粒子
2P-18 生体分子の炭化によるカーボンナノ粒子の作製 146 
冨永白人、 O宮原勝也、里子村真也、谷口功

2P-19 グ、ラフェンへの高速イオン衝突による電子励起効果 147 
0宮本良之、アルカディカラシニコフ、デ、ェイヴ、イツド、トマネク

2P-20 ポリインのレーザー誘起発光 148 
0若林知成、永山寛幸、大極孝太、清岡洋介、橋本健朗
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7月12日(木)

2P・21 C60ーエチレンジアミンナノ粒子の作製と光電気化学的応用 149 

松岡健一、瀬尾英孝、 0秋山毅、山岡淳
2P-22 高密度炭素アーク放電法による多面体グラファイト粒子の形成 150 
0片桐洋次、小塩明、馬淵淳平、小海文夫

2P・23 ナノグ、ラファイトのエネルギー論:端形状と電子状態 151 
0岡田晋

内包ナノチューブ
2P-24 ナノチューブ内におけるC60のエネルギー論 152 

0岡田晋
2P・25 銅ナノワイヤーで完全に充填されたカーボンナノチューブの高効率形成 153 
0水野直樹、小塩明、鬼頭大信、小海丈夫

2P-26 フラーレン及びヘテロフラーレンを用いたヒ。ーホ。ッド合成とその電気的輸送特性 154 
0李永峰、金子俊郎、西垣昭平、畠山力三、表研次、笠間泰彦

2P-27 単層カーボンナノチューブに吸着したメタンのNMR 155 

慶津智之、 O松田和之、馬子貴之、門脇広明、真庭豊、片J甫弘道
2P-28 マイクロ波プラズ、マ化学気相成長法によるAAO基板上への金属内包カーボンナノチューブ、の成長 156 
0松岡洋平、内藤綱彦、林靖彦、藤田武志、種村員幸、曽我哲夫

ナノチューブ:生成と精製
2P・29 その場吸光測定による垂直配向単層カーボンナノチューブの生成メカニズムの解明 157 
0小倉一晃、門脇政幸、大川潤、 ErikEinarsson、丸山茂夫

2P-30 長尺カーボンナノチューブP合成とカーボンナノチューブ、コーティング 158
0柿畑和行、虞野友作、堀江寿紀、井上翼、石田明広、三村秀典

2P・31 単層カーボ、ンナノチューブ、の分散挙動に及ぼす超音波効果 159 
O田島勇、 CatalinRomeo Luclescu、鈴木芳枝、内田勝美、石井忠浩、矢島博文

2P-32 金フェリチンを触媒に用いたサファイア基板上で、の配向単層カーボ、ンナノチューブ?成長 160 
O山寄明、高木大輔、大塚康之、鈴木哲、本間芳和、吉村英恭、小林慶裕

2P-33 アルコール化学気相堆積法による分岐カーボ、ンナノチューブの生成 (3)- Co/Moモノレ比によるCNT成長の違い 161 

0前川将之、須田善行、菅原広岡IJ、酒井洋輔

2P-34 Fe-Sn触媒による多層カーボンナノコイノレの作製
0金田亮、i番路軍、秋田成司、平原佳織、中山喜寓

ナノホーン
2P-35 SWNH← Streptavidin: an Effectiv巴AnticancerDrug Delivery System 

OXu Jianxun、MasakoYudasaka、MinfangZhang、SumioIijima 

2P・36 近赤外光駆動型カーボンナノホーンの開発と感染症治療への応用
0都英次郎、長田英也、平野研、横田洋二、仲山賢一、度津孝弘

ナノチューブの物性

162 

163 

164 

2P-37 ナノビーポッド、から製作した2層カーボンナノチューブの共鳴ラマンによる評価 165 
0鄭淳吉、岡崎俊也、岸直希、 ZujinShi、飯島澄男

2P・38 単層カーボンナノチューブFとp フェニレン 1，1ービ、ニリデン欠陥構造を主鎖に有するポリ(pーフェニレン 1，2ピニレ 166 
ン)との複合体
O門田直樹、梅山有和、手塚記庸、俣野善博、今堀博

2P-39 7l'<.吸蔵単層カーボンナノチューブのガス吸着 167 
0客野遥、小笠原俊介、日比寿栄、宮田耕充、松田和之、門脇広明、鈴木信三、阿知波洋次、片浦弘道、斎藤
毅、大嶋哲、湯村守雄、飯島澄男、真庭豊

2P-40 二層カーボ、ンナノチューブの高温高圧処理 168 
0金森佑輔、川崎晋司、岩井勇樹、岩田篤志、村松寛之、林卓哉、金隆岩、遠藤守信

2P-41 RNA/単層カーボンナノチューブ複合体の光特性 169 
0若松信雄、野口悠一、藤ヶ谷剛彦、中嶋直敏

2P-42 SWNT-DNA複合物質の合成および電気力顕微鏡による観察 170 
0浅田有紀、桑原彰太、菅井俊樹、北浦良、篠原久典

2P-43 電気力顕微鏡によるカーボンナノチューブ守の欠陥検出 171 
0沖)11佑揮、楳坂武夫、大野雄高、岸本茂、水谷孝

ナノチューブの応用
2P-44 液相プロセスを用いた単層カーボンナノチューブトランジスタによる論理回路の作製 172 
0富田晴雄、小倉明夫、片浦弘道、野内亮、白石誠司
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7月12日(木)

2P・45 皮下組織におけるカーボンナノ物質の生体適合性 173 
0平田恵理、横山敦郎、佐藤義倫、野田坂佳伸、宇尾基弘、赤坂司、回路和幸、亘理丈夫

2P-46 サファイア上の配向SWNTの電子輸送特性 174 
0鈴木朋子、吾郷浩樹、石神直樹、辻正治、生田竜也、高橋厚史

2P-47 二層カーボンナノチューブpの物理化学的性質に与える化学酸化の影響 175 
0前田範子、内田勝美、石井忠浩、矢島博文

その他
2P-48 グラフェンナノリボンにおけるフォノン散乱ダイナミクス 176 
0高橋徹、山本貴博、渡辺一之

2P-49 両親媒性単層カーボンナノチューブ分散剤としてのイオン性ゲノレ化剤の合成と機能 177 
0吉田勝、甲村長利、三津善大、玉置信之、松本一、カザウィサイ、南信次

2P圃50 炭化ランタン内包グ、ラファイトカフ。セルの固化体の調製 178 
0脇一平、佐藤義倫、名村優、本宮憲一、パラチャンドランジャヤデ、ワン、大久保昭、木村久道、回路和幸
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7月13日(金)

特別講演発表25分・質疑応答5分
一般講演発表10分・質疑応答5分
ポスタープレビュー発表1分・質疑応答なし

特別講演(9:00-9:30)
3S・1 カーボン・金属酸化物ナノ複合材料の創製森口勇

一般講演(9:30-10:30) 
ナノホーン・内包ナノチューブ
3・1 ポリインピーポッド、のラマン分光

3・2

3-3 

0若林知成、西出大亮、片i甫弘道、阿知波洋次、篠原久典
ヒ。ーホ。ットへの単一電子注入

0春山純志、水林潤、武末出美、岡崎俊哉、篠原久典、原田康則、粟野祐二
カーボ、ンナノホーンを使ったサブ、ナノメートルサイズ、の白金粒子の作製

0弓削亮太、湯田坂雅子、張民芳、吉武務、飯島澄男

ナノチューブの応用
3-4 C60を内包した単層カーボンナノチューブによる抵抗スイッチング、効果

0菅洋志、柳和宏、堀川昌代、片i甫弘道、清水哲夫、内藤泰久

一般講演(10:45-12:00) 
ナノチューブの応用

-tn公安官令官毎食休憩 (10:30-10:45 ) 女女女1公安安

31 

67 

68 

69 

70 

3-5 カーボンナノチューブ上のアルミニウムクラスターの原子分解FEM像 71 
松川知弘、山下徹也、安坂幸師、中原仁、 O斎藤弥八

3・6 ポルフィリン修飾単層カーボンナノチューブ?を用いた光電気化学素子 72 

0梅山有和、藤田充、手塚記庸、門田直樹、俣野善博、今堀博
3・7 ナノ分散したカーボンナノチューブ・ネットワークによる電気的・光学的ガス検出 73 
0南信次、カルテイゲ、ヤン・アンナマライ、ヤクボブスキー・コンスタンチン

3-8 スーパーグロース単層カーボンナノチューブ?電気化学キャパ、ンタ 74 
Oイザデ、イナジャファバディアリ、畠賢治、平岡樹、山田健郎、二葉N.ドン、保田論、君塚統、棚池修、羽鳥浩章、湯
村守雄、飯島澄男

3・9 インクジェット法によるナノチューブ薄膜トランジスタの作製 75 
0竹延大志、美浦徳子、浅野武志、深尾朋寛、白石誠司、岩佐義宏

1公安1公安1公安昼食 (11:45-13:00) 女食女女女女

特別講演(13:00-13:30) 
3S-2 マルチチャネノレCNTトランジスタの特性二瓶史行 32 

一般講演(13:30-14:00) 
炭素ナノ粒子・その他
3・10 水分散性グpラフィティクナノチューブ?の作製 76 
0金武松、張関心、福島孝典、相田卓三

3圃11 円錐形キャビティー列を有する垂直配向カーボンナノファイバーの構造:グ、ラファイトコーンの一次元配列 77 
0小塩明、丹後佑太、山崎貴之、鈴木健太郎、小海文夫

ポスタープレビュー(14:00-15:00) 
ポスターセッション(15:00ー16:30)

ナノチューブの応用
3P-l 高配向、高含有した単層カーボ、ンナノチューブーエポキシコンポジットフィルムの力学的特性
0西野秀和、平岡樹、山田健郎、二葉ドン、畠賢治

3P-2 DNAを用いたカーボンナノチューブのガラス基板上への固定とパターン形成
0庄司暁、城野純一、何回聡

3P-3 単層カーボンナノチューブ、分散液の温度依存性による光学特性
。種村亜紀奈、 CatalinRomeo Luculescu、内田勝美、石井忠浩、矢島博文

3P-4 CNTs/キトサン複合フィルムへのイオンビーム照射による細胞接着性制御
0鎮目瑠美、高橋克宗、内田勝美、鈴木嘉昭、矢島博文

一 12-
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7月13日(金)

3P・5 垂直配向単層カーボンナノチューブマ膜面上への金属蒸着と金属面への接合 183 
0渡辺誠、小倉一晃、石川桂、大川潤、エリックエイナルソン、丸山茂夫

3P-6 チューブ直径に依存するDNA-SWNTハイブPリッドの分散状態 184 
0戸板湖、美東哲、小島謙一、橘勝

3P・7 タンパク質による単層カーボンナノチューブの高安定分散 185 
O田中丈士、金赫華、今中忠行、藤原伸介、片浦弘道

3P-8 meso-meso縮環ポルフィリンによる単層カーボ、ンナノチューブ、の可溶化 186 
0渡辺健一、藤ヶ谷剛彦、中嶋直敏

3P-9 半導体と金属カーボ、ンナノチューブ、を分離する電界クロマトグラフィーの開発 187 
0佐野正人、和田佳祐

3P・10 金属性単層カーボ、ンナノチューブ?の分離と透明導電性薄膜の作製 188 
0前回優、橋本正博、長谷川正、神田信、土屋敬広、若原孝次、赤阪健、 SaidKazaoui、南信次、丸山茂夫、永瀬茂

3P-1l ドライプロセスで作製したSWNT薄膜の評価 189 
0斎藤毅、大嶋哲、大森滋和、湯村守雄、飯島澄男

3P-12 中性粒子ビームによるカーボンナノチューブダメージフリー表面改質 190 
0和田章良、佐藤義倫、石田真彦、二瓶史行、回路和幸、寒川誠二

3P-13 Polybenzimidazol巴 CNT複合体の新機能開発 191 
0岡本稔、藤ヶ谷剛彦、中嶋直敏

3P-14 お茶によるカーボンナノチューブ、の可溶化 192 
O中村元気、成松香織、中嶋直敏

ナノチューブの物性
3P-15 酸化/エステノレ化処理カーボンナノチューブ、のポルフィリン修飾 193 
0新井徹、信園真吾、高橋康介、下手義和

3P-16 電界効果トランジスタにおけるカーボンナノチューブゃのフォトルミネッセンス及び光誘起電流の同時測定 194 
0小林篤史、大野雄高、岸本茂、水谷孝

3P・17 孤立単層カーボンナノチューブのバンドル再構成 195 
0宮田耕充、柳和宏、真庭豊、片浦弘道

3P-18 単層カーボンナノチューブ1こおけるラマン強度の長さ依存性 196 
0朴珍成、驚藤理一郎、佐藤健太郎、 Ji巴Jiang、GeneDresselhaus、Mildr巴dS. Dresselhaus 

3P・19 2層カーボンナノチューブの持つ層間相互作用のSTMによる観察 197 
0福井信志、加藤裕子、吉田宏道、菅井俊樹、平家誠嗣、藤森正成、諏訪雄二、橋詰富博、篠原久典

3P困20 In Situ Manipulation and Engineering of Carbon Nanotubes 
Inside a Transmission Electron Microscope 
O金伝洪、末永和知、飯島澄男

3P-21 垂直配向SWNT膜内の狭いバンド、ノレ構造
Oエリックエイナルソン、山本剛久、張正宜、幾原雄一、丸山茂夫

3P回22 SWNTs-FET特性に対する化学修飾の影響
0熊代良太郎、阿部有希、赤坂健、前回優、小林長夫、谷垣勝己

3P-23 単層カーボンナノチューブ?の低エネノレギー照射損傷の闘エネノレギー
0鈴木哲、小林慶裕

3P-24 レド、ックス反応に伴う半導体性SWNTsの分光特性
0平山康平、藤ヶ谷剛彦、新留康郎、中嶋直敏

3P-25 高純度単層カーボンナノチューブ、の光物性
0宮田耕充、柳和宏、真庭豊、片浦弘道

3P-26 カーボンナノチューブのフォトノレミネッセンスに対する環境の効果
0大野雄高、岩崎慎也、村上陽一、岸本茂、丸山茂夫、水谷孝

3P-27 単層カーボンナノチューブ、蛍光発光のエタノールガス圧依存性
0千足昇平、渡部智史、花島干城、本間芳和

フラーレン生成・高次フラーレン

198 

199 

200 

201 

202 

203 

204 

205 

3P-28 気相カーボン挿入反応によるCωからフラーレンC70の合成 206 

0尾形照彦、三重野哲、畳谷仁男
3P-29 SC2CS4(II)の構造に関する研究 207 

0中嶋康二、飯塚裕子、若原孝次、土屋敬広、前回優、赤阪健、溝呂木直美、永瀬茂

金属内包フラーレン
3P-30 La@CS2とシクロベンタジエン誘導体の可逆反応 208 

0佐藤悟、前回優、稲田浩司、長谷川正、山田道夫、土屋敬広、赤阪健、加藤立久、溝呂木直美、永瀬茂
3P・31 窒素原子内包フラーレン合成に関与する窒素フ。ラズマの発光特性 209 
0西垣昭平、金子俊郎、畠山力三
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7月13日(金)

ナノチューブ:生成と精製
3P-32 超音波処理によるCMC分散SWNTの構造変化
0大森滋和、斎藤毅、大島哲、湯村守雄、飯島澄男

3P・33 mmスケーノレの垂直配向SWNT成長条件と高速成長機構
0長谷川馨、野田優、杉目恒志、寛和憲、張正宜、丸山茂夫、山口由岐夫

3P圃34 触媒ノfターンを用いたサファイア表面上で、の配向SWNTの成長メカニズムの検討
0吾郷浩樹、石神直樹、大堂良太、辻正治、生田竜也、高橋厚史

3P-35 3C-SiC (111)表面からのCNT生成初期段階の第一原理分子起動力学法による研究
0森分博紀、平山司、楠美智子

内包ナノチューブ・ナノ炭素粒子
3P・36 カーボンナノチューブ・MgB2ナノチューブ子複合系の設計
0斎藤晋

3P-37 フラーレン内包による単層カーボンナノチューブ、の光学的バンド、ギャップ変調
0岡崎俊也、大窪清吾、中西毅、斎藤毅、大谷実、岡田晋、坂東俊治、飯島澄男

3P-38 磁気および光応答性ナノダイヤモンド
0小松直樹、森田将史、i龍本竜哉、木村隆英、犬伏俊郎

その他
3P・39 SiCナノチューブ'J::SiC系複合ナノチューブ、の作製と微細組織観察
O田口富嗣、井川l直樹、山本博之、社本真一

3P-40 円錐形キャビティー列を有する垂直配向カーボ、ンナノファイバーの成長における温度の影響
0丹後佑太、小塩明、鈴木健太郎、山崎貴之、小海文夫

3P-41 放射状単層カーボンナノチューブを補強材としたゴムの調製と特性
0佐藤義倫、長谷川研二、伊藤信幸、本宮憲一、パラチャンド、ランジャヤデワン、回路和幸

3P-42 カラム分離したDNA!カーボンナノチューブ?の安定性
0里子口悠一、藤ヶ谷剛彦、新留康郎、中嶋直敏

3P-43 印刷型フィールドエミッタに向けたカーボンナノツイストペーストの調製
0細川雄治、横閏真志、滝川浩史、伊藤茂生、山浦辰雄、三浦光治、吉川和男、伊奈孝

3P-44 カーボンナノウオールの微細構造解析
0小林健一、谷村誠、中井宏、吉村昭彦、吉村博史、小島謙一、橘勝

3P・45 TEM-STM複合型顕微鏡法によるカーボン原子状ワイヤーの原子直視観察
0安坂幸師、奥村健介、中原仁、斎藤弥八

3P-46 ポリイミド・カーボンナノチューブ複合体
0藤ヶ谷剛彦、岡本稔、友清亮輔、中嶋直敏

3P-47 グラフェン薄膜へのスピン注入
0大石恵、白石誠司、野内亮、野崎隆行、新庄輝也、鈴木義茂
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July 11th， Wed. 

Special Lecture: 25 min (Presentation) + 5 min (Discussion) 
General Lecture: 10 min (Presentation) + 5 min (Discussion) 
Poster Preview: 1 min (Presentation)， No Discussion 

Special Lecture (9:00・9:30)

IS・1 Carbon nanotubes research at AIST/Research Center for Advanced Carbon Materials: From basic to industrial 27 

applications 

Sumio Iijima 

General Lecture (9:30・10:30)

Properties of Nanotubes 

1・1 Environmental Effect of Single-Walled Carbon Nanotubes 33 

OYuhei Miyauchi， Riichiro Saito， Kentaro Sato， Yutaka Ohno， Shinya Iwasaki， Takashi Mizutani， Jie Jiang， 

Shigeo Maruyama 

1-2 Crystal Face Dependence ofChiralities of Aligned SWNTs on Sapphire 34 

ONaoki Ishigami， Hiroki Ago， Kenta Imamoto， Masaharu Tsuji， Konstantin lakoubovskii， Nobutsugu Minami 

1-3 

1-4 

Oxidative Reaction ofCarbon Nanotubes wiith O2 and 03 
OTakazumi Kawai， Yoshiyuki Miyamoto 

Structural Dependence ofRaman Spectrum ofSingle-walled Carbon Nanotube Adsorbed on Metal Electrode 

Norihiko Takeda， OKei Murakoshi 

**女***Coffee Break (10:30・10:45)女女安安食女

General Lecture (10:45-12:00) 

Properties of Nanotubes 

1・5 Field-Effect Doping in Carbon Nanotubes 

OKazuyuki Uchida， Susumu Okada 

1・6

1-7 

1・8

1・9

Variable Range Hopping Conduction in Boron doped MWNT Assembly 

OShunji Bandow， Shigenori Numao， Sumio lijima 

Electronic Structure ofBoron-doped Carbon Nanotube 

OTakashi Koretsune， Susumu Saito 

Chirality dependence and excitonic effect of optical transition of single wall carbon nanotubes 

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

Band-Gap Tuning ofan Individual Single-Walled Carbon Nanotube with Uniaxial Strain 

OHide戸IkiMaki， Testuya Sato， K吋iIshibashi 

*1佐官公*女大 LunchTime (12:00・13:00)*1公安食女女

Special Lecture (13:00-13:30) 

IS・2 HRTEM Imaging of the Doped Single-walled Carbon Nanotubes and Fullerene Nanopeapods 

LunhuiGUAN 

General Lecture (13:30・14:30)

Formation and Purification of N anotubes 

1-10 A growth model for single walled carbon nanotubes-Why near armchair structure is so special-

OYohji Achiba 

35 

36 

37 

38 

39 

40 

41 

28 

42 

1-11 Study ofCarbon Transmitting Method for Growth ofCarbon Nanotubes 43 

OTakeshi Hikata， Kazuhiko Hayashi， Tomo戸IkiMizukoshi， Y oshiaki Sakurai， Itsuo Ishigami， Takaaki Aoki， 

Toshio Seki， Jiro Matsuo 

1-12 Synthesis of single-wall carbon nanotubes from diesel soot 44 

OTakashi UchidaラTachibanaMasaru， Kojima Kenichi 

1-13 Are Catalyst Free SWNT Forests Free From Impurities ? Existence ofGraphitic Carbonaceous Impurities 45 

OSatoshi Yasuda， Tatsuki Hiraoka， Don N. Futaba， Motoo Yumura， Sumio Iijima， Kenji Hata 

ヲた*1佐官た女*Coffee Break (14:30・14:45)女**1公安食
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General Lecture (14:45-16:00) 

Formation and Purification of N anotubes 
1・14 Combinatorial Control ofCatalyst for Basics and Applications ofCarbon Nanotube Growth 46 

OSuguru Noda， Hisashi Sugime， Kei Hasegawa， Kazunori Kakehi， Shigeo Maruyama， Yukio Yamaguchi 

1-15 In-situ Raman observation of single-wall carbon nanotube growth by CVD using Co-filled apoferritin catalyst 47 

OTakashi Uchida， Masaya Tazawa， Akira Yamazaki， Yoshihiro Kobayashi 

1-16 Size control of catalyst nanoparticles for carbon nanotube growth by gas-phase catalytic chemical vapor 48 

deposition 

OKenji Ohara， Yoichiro Neo， Hidenori Mimura， Yoku Inoue， Akihiro Ishida 

1-17 Low-temperature growth of double and single-walled carbon nanotubes on a substrate using catalyst nanoparticles 49 

size-classified with an impactor 

ODaiyu Kondo， Shintaro Sato， Yoshitaka Yamaguchi， Taisuke Iwai， Yuii Awano 
1-18 Observation of catalyst in a CVD growth process of single-walled carbon nanotubes on Si02 50 

OToshiya Murakami， Yuki Hasebe， Ke吋iKisoda， Koji Nishio， Toshi戸lkiIsshiki， Hiroshi Harima 

Poster Preview (16:00-17:00) 

Poster Session (17 :00・18:30)

Chemistry of Fullerenes 

lP・1 Novel Magnetic Field Effects and Time-Resolved EPR Spectra ofBiradicals企omPhotoinduced Intramolecular 79 

Electron Transfer Reactions in Phenotiazine-C60 Linked Compounds 

OHiroaki Y onemura， Shinya Moribe， Yuya Wakita， Sunao Yamada， Y oshihisa F吋iwara，Yoshifumi Tanimoto 
lP-2 Kinetic Study of Antioxidant Activity ofWater-soluble [60]Fullerene and [60]Fullerene Epoxide by beta除Carotene 80 

Bleaching Assay 

OKen Kokubo， Tadashi Goto， Kyoko Togaya， Hisae Aoshima， Takumi Oshima 

lP-3 Kinetic Control ofInterfacial Energy in CarbonlEpoxy Composites by using Fullerenes 81 

Yusuke T句ima，ODaisuke Yamazaki， Takanori Matsuura， Youhei Numata， Hiroaki Kawamura， Hiroki Osedo 

lP-4 Temperature Dependence of Conductivity of Crystalline C 60 and C70 Pellets 82 

Gou Kawano， OTsuyosi Takakura， Tsuyosi Takase， Hidetsugu Nakamura， Y ong Sun 
lP-5 Cyclic Dimers of Iridium Porphyrins -Extraordinary High Affinities toward Fullemes 83 

OMakoto YANAGISA WA， Kentaro TASHIRO， Takuzo AIDA 

lP-6 Control of Selectivity in Addition-Cyclization of Chloramine-T to C 60 84 

ORyoji Tsuruoka， Satoshi Minakata， Mitsuo Komatsu 
lP・7 Efficient synthesis offullerenols by mechanochemical reaction ofC60 with H20 under O2 atmosphere 85 

OYuichi Ishiyama， Hiroto Watanabe， Senna Mamoru 
lP-8 NMR Studies ofMolecular Hydrogen Encapsulated in Dianions ofFullerene C60 and Open-Cage C60 Derivatives 86 

OMichihisa Murata， Yuta Ochi， Fumi戸lkiTanabe， Yasujiro Murata， Koichi Komatsu 

lP-9 Highly soluble fullerene derivative and its production process d巴velopment 87 

o Masahiko Hashiguchi， E討iD巴:jima，Tomomi Yano， Katsutomo Tanaka 
lP-10 Synth巴sisofVarious Amino-Functionalized [60]Fullerene Derivative via Nitrofullerene 88 

OMASARU SEKIDO， MASATOMI OHNO 

Metallofullerenes 

lP・11 Ultraviolet Photoelectron Spectroscopy of Lu-encapsulated Metallofullerenes 89 

OTakafumi Miyazaki， Masa戸lkiKato， Konosuke Furukawa， Ryohei Sumii， Hisashi Umemoto， Toshiya Okimoto， 
Toshiki Sugai， Hisanori Shinohara， Shojun Hino 

lP-12 ESR Spectra ofBingel Mono-adducts ofGd@C82 90 

OMakoto Kanazumi， Yuji Takematsu， Takatsugu Wakahara， Takahiro Tsuchiya， Ko Furukawa， Takeshi Akasaka， 

lP-13 Characterization of Alkali Endohedral Fullerene: The Aggregated Cluster Structure 91 

OHiroshi Okada， Kenji Omote， Yasuhiko Kasama， Kuniyoshi Yokoo， Shoichi Ono， Takamichi Miyazaki， Mariko 

Ando， Hideki Maekawa， Hideki Maekawa， Takashi Komuro， Hiromi Tobita 

lP・14 A Reversible Crystal Structural Transformation and Structural Characterization ofPr@C82 Metallo白llerene. 92 

OKitaura Ryo， Kitamura Yutaka， Okimoto Haruya， Nishibori Eiji， Aoyagi Shinobu， Sakata Makoto， Shinohara 
Hisanori 
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Fullerene Solids 

lP・15 Metallic Phase in Magnesium Fullerides 

OHeguri Satoshi， Kimata Nozomu， Kobayashi Mototada 

lP・16 Superconductivity in sodium fullerides NaxC60 
ONozomu Kimata， Satoshi He伊riラMototadaKobayashi 

lP-17 Molecular beam epitaxy of copper phthalocyanine on C 60 (111) surface 

Hidetoshi SUZl水i，Yusuke Yamashita， ONobuaki Koリima，Masafumi Yamaguchi 

Formation and Purification of N anotubes 

93 

94 

95 

lP-18 Sub-mililimeter long single-walled carbon nanotubes synthesis by a1cohol enclosed catalytic chemical vapor 96 

deposition. 

OYoshinobu Suz叫ci，Tomohiro Shimazu， Hisayoshi Oshima， Shigeo Maruyama 

lP-19 Growth termination of carbon nanotubes at millimeter thickness due to structural change in catalyst. 97 

OShingo Morokuma， Kei Hasegawa， Suguru Noda， Shigeo Maruyama， Yukio Yamaguchi 

lP-20 Single-Wall Carbon Nanotubes Grown from Size Controlled RhlPd and Co Nanoparticles by Catalyst-supported 98 

Chemical Vapor Deposition 

OKeita Kobayashi， Ryo Kitaura， Yoko Kumai， Yasutomo Goto， Shinji Inagaki， Hisanori Shinohara 
lP-21 Synthesis of small diameter SWNTs by ACCVD method using platinum as catalyst 99 

OKeisuke Urata， Shinzo Suzuki， Hirosi Nagasawa， Yohji Achiba 
lP-22 Efficient growth of double-walled carbon nanotube by CVD using a mixed catalyst F巴/Co/Mowith MgO 100 

supporter 

ORyoji Naito， Toshiya Murakami， Yuki Hasebe， Kenji Kisoda， Koji Nishio， Toshi戸lkiIsshiki， Hiroshi Harima 

lP-23 Purification of SWNTs fabricated by hydrogen DC arc discharge 101 

OBeibei Chen， Tomoko suzukiラXinluoZhao， Sakae Inoue， Takeshi Hashimoto， Y oshinori Ando 

lP-24 One-step Synthesis of Aligned Carbon Nanotubes in Liquid Phase 102 

OKiyofumi Yamagiwa， Masafumi Mikami， Tsuneharu Takeuchi， Yoshihiro Yamaguchi， Yuriko Iwao， Morihiro 

lP-25 Controlling diameter distribution of SWNTs by refining temperature gradient in laser ablation method 103 

OTakashi Nakayama， Yasuhiro Tsuruoka， Sinzou Suzuki， Yohji Achiba 

lP-26 Matching between Reaction and Catalyst Conditions in Growing V A-SWNTs by ACCVD 104 

OHisashi Sugime， Suguru NodaラShigeoMaruyama， Yukio Yamaguchi 

lP-27 Influence ofresidual acetylene gas on growth ofbrush-shaped carbon nanotubes 105 

OMasao Yamaguchi， Lujun Pan， Seiji Akita， Yoshikazu Nakayama 
lP-28 In situ photoelectron spec甘oscopystudy of m巴talcatalysts for carbon nanotube growth by low噌pressureethanol 106 

CVD 

OFumihiko Maeda， Satoru Suzuki， Yoshihiro Kobayashi 

lP-29 Plan-viewed TEM observation of carbon nanotubes and catalyst particles and evaluation of catalyst activity for 107 

SWNT growth 

OYuki Hasebe， Toshiya Murakami， Ke勾iKisoda， Hiroshi Harima， Koji Nishio， Toshiyuki Isshiki 

lP-30 Discontinuous Change in Carbon Nanotubes Caused by Continuous Change in Catalyst Nominal T 

Nanohorns 

lP-31 Close-Open-Close Evolution ofHol巴sin Single-Wall Carbon Nanohoms Caused by Heat Treatment 109 

OJing Fan， Masako Yudasaka， Jin Miyawaki， Ryota Yuge， Takazumi Kawai， Sumio Iijima 

lP-32 Modification of cisplatin伊incorporatedsingle-wall carbon nanohoms to release cisplatin slowly 110 

OKumiko Ajima， Masako Yudasaka， Tatsuya Murakami， Minfang Zhang， Sumio 1リlma

lP-33 Folate-Receptor Mediated Uptake of Single-Walled Carbon Nanohoms by Cultured Cancer Cells 111 

OJin Miyawaki， Tats凡lyaMurakami， Masako Yudasaka， Kumiko Ajima， Minfang Zhang， Hirohide Sawada， 

Kunihiro Tsuchida， Sumio 1討lma

lP-34 Boron doped Nanohom Aggregates Produced by means of Arc Discharge 

OManabu Harada， Takayuki Inagaki， Shunji Bandow， Sumio Iijima 

lP-35 Electron microscopy study of nanohom tip structure damaging with hydrogen peroxide treatment 

OTakashi yamaguchi， Shunji Bandow， Masako Yudasaka， Sumio Iijima 

lP-36 Ultracentrifugal Separation of Single-wall Carbon Nanohoms 

OGoshu Tamura， Shu吋iBandow， Masako Yudasaka， Sumio Iijima 
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Properties ofNanotubes 

lP-37 Enhancement of conductivities in boron-doped MWNTs 115 

OSatoshi Ishii， Tohru Watanabe， Showgo Ogawara， Takashi Okutsu， Fumiaki Tomioka， Shinya Ueda， Shunsuke 

TsudaラTakahideYamaguchi， Y oshihiko Takano 

lP-38 Electronic transport study of a suspended M¥¥市Hby in situ TEM 116 

Yasunobu Suzuki， K句iAsaka， OYahachi Saito 

lP-39 Evaluation of single wall carbon nanotubes by UV -Raman spectroscopy 117 

OHiromichi Kataura， Yasumitsu Miyata， Yutaka Maniwa， Kazuhiro Yanagi 

lP-40 Temperature dependence ofthe Raman spectra of singl巴-wal1carbon nanotube and highly oriented pyrolytic 118 

graphite 

ONorihiro Kitada， Kenichi KatoラKenichiKojima， Masaru Tachibana 

lP-41 Effects of doping to the G'Raman spectra of single and double-wall carbon nanotubes 119 

OEduardo B. Barros， Jin Sung Park， Georgii G. Samsonidze， Riichiro Saito， Mildred Dresselhaus 

lP-42 Fabrication ofDNA/MWNTsjunctions and electrical measurements ofDNA thin films 120 

OMitsutaka Ide， Masatoshi Saito， Hiroaki Kohno， Naoyoshi Murata， Junji Haruyama 

lP・43 Meissner effect in honeycomb arrays ofmulti-walled carbon nanotubes 121 

ONaoyoshi Murata， Junji Haruyama， Ueda Nobuteru， Masaharu Matsudaira， Yuko Yagi， Jin Nakamura， Kyouko 

Nozawa， Taisei Shimizu， Erik Einarsson， Syo叶leiChiashi， Shigeo Maruyama， Toshiki Sugai， Naoki kishi， 
Hisanori Shinohara 

Application ofNanotubes 

lP-44 Chemically-Responsive Sol-Gel Transition of Supramolecular Single-Walled Carbon N anotubes (SWNTs) 122 

Hydrogel Made by SWNTs-Cyclodextrins Hybrids 

OTomoki Ogoshi， Tada-aki Yamagishi， Y oshiaki Nakamoto， Akira Harada 
lP-45 Water Soluble Single-Walled Carbon Nanotubes Using Inclusion Complex ofCyclodextrin with Guest Molecules 123 

OTomoki OgoshiラTada-akiYamagishi， Y oshiaki N akamoto， Akira Harada 

lP-46 Fabrication of optical polarizer made of CNT/PV A composite material 124 

OSatoru Shoji， Hidemasa Suzuki， Satoshi Kawata 

lP-47 Direct electron transfer reaction of glucose oxidase with carbon nanotubes synthesized on a electrode 125 

Masato TOMINAGA， OShinya NOMURA， Toshifumi NISHIMURA， Isao TANIGUCHI 

lP-48 Preparation and Properties ofCarbon Nanotube Films 126 

OMotohiro UoぅTsukasaAkasaka， Shigeaki Abe， Fumio Watari， Ken-ichiro Sasamori， Hisamichi Kimura， 

Y oshinori Sato， Kazuyuki Tohji 

lP-49 Electric Double Layer Capacitance ofthe Surface Modified Fine-Crystallined Single-Walled Carbon Nanotubes 127 

OShin-ichi Ogino， Yoshinori Sato， Masaru Namura， Wataru Oizumi， Hiroyuki Kamisuki， Kenichi Motomiya， 

Takashi Itoh， Balachandran Jeyadevan， Kazuyuki Tohji 

Miscellaneous 

lP-50 Fabrication ofCarbon Nanotubes Through Metal-free Chemical Vapor Deposition 128 

OJarrn-Homg Lin， Hui-Ling Ma， Ching-Shiun Chen， CherトYinHsu， Hsiu-W巴iChen
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Special Lecture: 25 min (Presentation) + 5 min (Discussion) 
General Lecture: 10 min (Presentation) + 5 min (Discussion) 
Poster Preview: 1 min (Presentation)， No Discussion 

Special Lecture (9:00・9:30)
2S・1 Precision Control ofHybridization ofNanocarbon and Metalloporphyrins 

Kentaro Tashiro 

General Lecture (9:30・10:30)

Metallofullerenes 

29 

2-1 Crystal Structures of (M2C2@Csz)(C6HsCH3) and (M2C2@CS2)(C6HsCH3)2 51 

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

2-2 Enhanced 1.5μm Fluorescence from Erbium-Carbide Metallofullerenes 52 

OYasuhiro Ito， Toshiya Okazaki， Shingo Ohkubo， Masahiro Akachi， Haruya Okimoto， Yutaka Ohno， Takashi 

Mizutani， T巴tsuyaNakamura， Ryo Kitaura， Toshiki Sugai， Hisanori Shinohara 

Fullerene Formation 

2-3 Titan satellite has been a carbon-cluster factoryワ-Fromcol1isonal explosion experiment- 53 

OTetsu Mieno， Sunao Hasegawa 

2・4 Photo-Induced Charge-Separation of Supramolecular SWNT -Fullerene Hybrids in Polar Solvent 54 

OOsamu Ito， Yasuyuki Araki， Atula Sandanayaka， Rughu Chitta， Francis D'Souza 

女官公"*:..，佐官公安 CoffeeBreak (10:30・10:45)女女女女女女

General Lecture (10:45-12:00) 

Lecture by Candidates for the Iijima Award 
2-5 Optical Enrichment of SWNTs 

OXiaobin Peng， Naoki Komatsu， Takahide Kimura， Atsuhiro Osuka 
2・6 Transparent Carbon Nanotubes for Encapsulated Dyes 

2・7

2・8

2・9

OYanagi Kazuhiro， Miyata Yasumitsu， Kataura Hiromichi 

Imaging of single alkyl chains in carbon nanotubes by transmission electron microscopy 

OMasanori Koshino， Takatsugu Tanaka， Niclas Solin， Kazutomo Suenaga， Hiroyuki Isobe， Eiichi Nakamura 

Fabrication of ZnPc-Nanohom-Protein Nanohybrid for Photodynamic Therapy 

OMinfang Zhang， Masako Yudasaka， Kumiko Ajima， Jin Miyawaki， Sumio Iijima 

Carbon Nanotube Growth from Semiconductor Nanoparticles 

OTakagi Daisuke， Hibino Hiroki， Suzuki Satoru， Kobayashi Y oshihiro， Homma Y oshikazu 

"*:官公安1令官公女 LunchTime (12:00・13:0刷会食女女女女

General Meeting (13:00・13:15)

Special Lecture (13:15・13:45)
2S・2 Synthesis of Alkali Endohedral Fullerenes (Li@C60) 

OKenji Omote， Yasuhiko Kasama 

General Lecture (13:45-14:30) 

Lecture by Candidates for the Osawa Award 

2-10 Ion Mobility Measurement with a Newly Developed Pulsed Ion Valve 

OToshiki Sugai， Hisanori Shinohara 
2・11 HRTEM observation ofan Individual C60 Fullerene Molecul巴andits Deformation Process 

OZheng liu， Kazu Suenaga， Ales Mrzel， Hiromichi Kataura， Sumio Iijima 

55 

56 

57 

58 

59 

30 

60 

61 

2・12 Positional Control of Encapsulated Metal Atoms Inside a Fullerene Cage by Exohedral Chemical 62 

Functionalization 

OMichio Yamada， Chika Someya， Takatsugu Wakahara， Takahiro Tsuchiya， Takeshi Akasaka， Yutaka Maeda， 
Ke吋iYoza， Naomi Mizorogi， Shigeru Nagase 
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，*，た交官公安'*Coffee Break (14:30・14:45)女大女大宮令官公

General Lecture (14:45-15:45) 

Chemistry of Fullerenes and Fullerene Solids 

2・13 Syntheses， Structures and Optical Properties ofDodeca-and Trideca(organo)[60]fullerene 63 

OTakeshi Fujita， Yutaka MatsuoラEiichiNakamura 

2-14 Low-dimensional Columnar Alignment of C60 Fulleride Single Crystals Stabilized by Triarylmethane Dye Cations 64 

OMoriyama Hiroshi， Sugiura Takahito 

2-15 C60 thin film field-effect transistor devices with gold elec仕odesmodified by various types of alkanethiols 65 

OYohei Ohta， Naoko Kawasaki， Takayuki Nagano， Akihiko Fujiwara， Yoshihiro Kubozono 
2-16 preparation and characterization of C60 and C70 fibrillar super structures and its polymerization by gamma-ray 66 

irradiation 

OSudip Malik， Norifumi F町ita，Seiji Shinkai 

Poster Preview (15:45-16:45) 

Poster Session (16:45-18:15) 

Fullerene Formation 

2P・1 Current-induced forces on adatoms on metallic and semiconducting carbon nanotubes 

OYvan Girard， Takahiro Yamamoto， Ka四四kiWatanabe 

2P・2 Forrnation Process ofFullerenes 

OYusuk巴Ueno，Susumu Saito 

Chemistry of Fullerenes 

129 

130 

2P・3 Effects ofMagnetic Processing on Morphological， Electrochemical， and Photoelectrochemical Properties of 131 

Electrodes Modified with Mixed l'、~anoclustersofC60-Phenothiazine System 

OYuya Wakita， Hiroaki Yonemura， Norihiro Kuroda， Sunao Yamada， Yoshihisa Fujiwara， Yoshifumi Tanimoto 
2P園4 Synthesis and Electrochemical Property of[70]fullerene derivatives 132 

OTakahiko Ichiki， Yutaka Matsuo， Eiichi Nakamura 

2P・5 Degradation Kinetics ofPoly(methyl methacrylate) with fullerenes 133 

OTomohito Terada， Takanori Matsuura， Takeo Sasaki， Yusuke T司jima

2P・6 Synthesis and Elec仕ochemicalProperties ofIndolino-[60]Fullerene 134 

OJunichi Kawashima， Takumi Hara， Takanori Matsuur九Youhei Numata， Yusuke T司jima

Metallofullerenes 

2P・7 Solid State 45SC_ and 13C_NMR of SC2C2@CS2 Carbide Metallofullerene 135 

OHaruya Okimoto、WilhelmHemme， Yasuhiro Ito‘Helmut Eckert， Hisanori Shinohara 
2P-8 Structure and Vibronic Interaction ofM@C74 136 

OTohru Sato， Yasutaka Kuzumoto， Ken Tokunga， Hiroshi Imahori， Kazuyoshi Tanaka 
2P・9 Chemical Functionalization ofLi@C60 by Its Reaction with spiro[3-Adamantane-2，3'-3H -Diazirine] 137 

OShinsuke Ishikawa， Takashi Komuro， Hiroshi Okada， Ke吋iOmote， Yasuhiko Kasam九KuniyoshiY okoo， 
Shoichi Ono， Hiromi Tobita 

2P・10 Structure and Electronic Property of SC@C82 138 

OMakoto Hachiya， Yuko liduka， Takatsugu Wakahara， Takahiro Tsuchiya， Yutaka Maeda， Takeshi Akasaka， 
Naomi Mizorogi， Shigeru Nagase 

2P・11 Missing Metallofullerene: La@C2n 139 

o Hidefumi NlKA WA， Takashi KIKUCHI， Tomoya YAMADA， Takatsugu WAKAHARA， Tsukasa 
NAKAHODO， G. M. Aminur RAHAMAN， Takahiro TSUCHIYA， Yutaka MAEDA， Tak巴shiAKASAKA， Ke町i

YOZA， Emst HORN， Kazunori Y AMAMOTOラNaomiMIZOROGI， Zdenek Slanina， Shigeru NAGASE 

Fullerene Solids 

2P・12 Intemal Friction Measurem巴ntof Fullerene Films by Vibrating Reed Method 

OShinya Wakita， Shuichi Matsumoto， Takamori YoshiiラKentaKirimoto， Y ong Sun 
2P-13 Solution-Processed Organic Thin-Film Transistors Based on Pertluoroalkyl Substituted C60 Derivatives 

OMasayuki Chikamatsu， Atsushi Itakura， Yuji Yoshida， Reiko Azumi， Kiyoshi Yase 
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2P-14 A DFT study on Fullerene Hydrides C6oH2: Hole Transport Materials 142 

OKen Tokunaga， Shigekazu Ohmori， Hiroshi Kawabata， Kazumi Matsushige 
2P-15 Polymerization ofpressed powder and solution-grown fullerene with企eeel巴ctronlaser irradiation 143 

o Iwata Nobuyuki， Andou Shingo， Iio Yasunari， Nokariya Ryou， Yamamoto Hiroshi 
2P-16 Electrical Properties ofMg-doped C60 Thin Films 144 

ONobuaki Kojima， Takashi Terayama， Hidetoshi Suzuki， Masato Natori， Masafumi Yamaguchi 
2P・17 Physical Properties of H2 Endohedral C60 145 

OKatsumi Tanigaki， Takeshi Rachi， Ryotaro Kumashiro， YaslリiroMurata， Koichi Komatsu， Toru Kakiuchi， 

Hiroshi Sawa， Y oshimitsu KohamaラSatoruIzumisawa， Hitoshi Kaw句i，Toru Atake 

Carbon Nanoparticles 

2P・18 Preparation of carbon nanoparticles by biomolecules carbonization 146 

Masato TOMINAGA， OKatsuya MIYAHARA， Shinya NOMURA， Isao TANIGUCHI 

2P・19 Influence ofElectronic Excitation upon High-Speed Ion Irradiation on Graphene Sheet 147 

OYoshiyuki Miyamoto， Arkady Krasheninnikov， David Tomanek 

2P-20 Laser Induced Emission ofPolyynes 148 

OTomonari Wakabayashi， Hiroyuki Nagayama， Kota Daigoku， Yosuke Kiyooka， Kenro Hashimoto 

2P-21 Fabrication ofC60 Fullerene -Ethylenediamine Nanoparticles and Their Photoelectrochemical Application 149 

Ken-ichi Matsuoka， Hidetaka Seo， OTsuyoshi Akiyama， Sunao Yamada 
2P-22 Formation ofPolyhedral Graphite Particles by High-density Carbon Arc Discharge 150 

OY oji katagiri， Akira Koshio， Junpei Mabuchi， Fumio Kokai 

2P・23 Energetics ofNanographite: Edfe Geometries and Electronic Structure 151 

OSusumu Okada 

Endohedral Nanotubes 

2P・24 Energetics of C60 Encapsulat巴din Carbon Nanotubes 152 

OSusumu Okada 
2P・25 Effective Formation ofCarbon Nanotubes Filled Perfectly with Copper Nanowire 153 

ONaoki Mizuno， Akira Koshio， Hironobu Kito， Fumio Kokai 

2P-26 Synthesis， characterization and electrical仕ansportproperties of fullerenes and heterofullerene peapods 154 

OYongfeng Li， Toshiro Kaneko， Syohei Nishigaki， Rikizo Hatakeyama， Kenji Omote， Yasuhiko Kasama 

2P-27 lH NMR Study ofCH4 confined inside Single-Wall Carbon Nanotubes 155 

Tomo戸IkiHirotsu， 0 Kazu戸IkiMatsuda， Takayuki Ganko， Hiroaki Kadowaki， Yutaka Maniwa， Hiromichi 
Kataura 

2P・28 S戸lthesisofmetal-filled carbon nanotubes on anodic aluminum oxide substrate by microwave plasma-enhanced 156 

chemical vapor deposition 

OYoh巴iMatsuoka， Tsunahiko Naitou， Yasuhiko Hayashi， Takeshi Fujita， Masaki Tanamura， Tetsuo Soga 

Formation and Purification of N anotubes 

2P・29 Growth mechanism ofvertically aligned SWNTs by in-situ absorption measurements 

OKazuaki Ogura， Masa戸IkiKadowakiラJunOkawa， Erik Einarsson， Shigeo Maruyama 

157 

2P・30 Growth ofultra long carbon nanotube and carbon nanotube coating 158 

o Kazu戸IkiKakihata， Yusaku Hirono， Toshinori Horie， Yoku Inoue， Akihiro Ishida， Hidenori Mimura 
2P-31 Ultrasonication Effects on Debund1ing and Cutting of Single-Walled Carbon Nanotubes dispersed in Aqueous 159 

Solution 

OIsamu T司ima，Cata1in Romeo Lucl巴scu，Y oshie Suzuki， Katsumi Uchida， Tadahiro Ishii， Hirofumi Y勾ima

2P・32 Gold-filled apoferritin catalyst for aligned single“walled carbon nanotube growth on sapphire substrates 160 

OAkira Yamazaki， Daisuke Takagi， Yasuyuki Otsuka， Satoru Suzuki， Yoshikazu Homma， Hide戸lkiY oshimura， 
Y oshihiro Kobayashi 

2P・33 Growth ofbranched carbon nanotubes by alcohol chemical vapor deposition (3) -Difference in CNTs growth by 161 

Co/Mo molar ratio-

OMasayuki Maekawa， Yoshi戸IkiSuda， Hirotake Sugawara， Y osuke Sakai 

2P・34 Synthesis ofmultiwalled carbon nanocoils using catalyst ofFe-Sn 162 

ORyo Kanada， Lujun Pan， Seiji Akita， Kaori Hirahara， Yoshikazu Nakayama 

Nanohorns 

2P-35 Sv.明H-Streptavidin:an Effective Anticanc巴rDrug De1ivery System 

OXu Jianxun， Masako Yudasaka， Minfang Zhang， Sumio Iijima 
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2P・36 Near-Inf均redLaser-Triggered Carbon Nanohoms for Selective Elimination of Various Microorganisms 

OEijiro Miyako， Hideya Nagata， Ken Hirano， Yoji Makita， Ken-ichi Nakayama， Takahiro Hirotsu 

Properties of N anotubes 

164 

2P-37 Resonance Raman Study ofNanopeapod-Derived Double-Wal1ed Carbon Nanotubes 165 

OSoon阿KilJoung， Toshiya Okazaki， Naoki Kishi， Zujin Shi， Sumio Iijima 
2P-38 Composites of Single-Wal1ed Carbon Nanotubes and Poly(p -Phenylene-1，2四Vinylene)with Structural Defect of 166 

p -Phenylene-l，I-Vinylidene Units in the Main Chain 
ONaoki Kadota， Tomokazu Umeyama， Noriyasu Tezuka， Yoshihiro Matano， Hiroshi Imahori 

2P・39 Gas adsorption in wat巴r-SWCNTs 167 

OHaruka Kyakuno， Syunsuke Ogasawara， Toshihide Hibi， Yasumitsu Miyata， Kazu戸lkiMatsuda， Hiroaki 
Kadowaki， Shinzo Suz叫ci，Y ohji Achiba， Hiromichi Kataura， Takeshi Saito， Satoshi Ohsima， Morio Yumura， 
Sumio Iijima， Yutaka Maniwa 

2P-40 High-pressure and high-temperature treatments of double-wal1ed carbon nanotubes 168 

OKanamori Yusuke， Kawasaki Shinji， Iwai Yuki， Iwata Atsushi， Muramatsu Hiro戸Iki，Hayashi Takuya， Kim 
Yoong-Ahm， Endo Morinobu 

2P・41 Near-IR Absorption and Photoluminescenc巴SpectralProperties ofCarbon Nanotubes Dissolved in RNA Aqueous 169 

Solutions 

ONobuo Wakamatsu， Yuichi Noguchi， Tsuyohiko F可igaya，Naotoshi Nakashima 

2P-42 Observation and Characterization of SWNT -DNA Hybrids by Electric Force Microscopy 170 

OYuki Asada， Shota Kuwahara， Toshiki Sugai， Ryo Kitaura， Hisanori Shinohara 

2P・43 Defect Det巴ctionin Carbon Nanotubes by Electrostatic Force Microscopy 171 

OYuki Okigawa， Takeo UmesakaラYutakaOhno， Shigeru Kishimoto， Takashi Mizutani 

Application of N anotubes 
2P-44 Fabrication oflogic circuits using solution-processed single-wal1ed carbon nanotube transistors 

OHaruo Tomita， Akio Ogura， Hiromichi Kataura， Ryou Nouchi， Masashi Shiraishi 

172 

2P-45 Biocompatibility of Carbon Nanosubstances in the Subcutaneous Tissue 173 

OEri Hirata， Atsuro Yokoyama， Y oshinori Sato， Yoshinobu Nodasaka， Motohiro Uo， Tsukasa Akasaka， 
Kazuyuki Tohji， Fumio Watari 

2P-46 Electron Transport Study ofHorizontal1y-Aligned SWNTs on Sapphire 174 

OTomoko Suzuki， Hiroki Ago， Naoki Ishigami， Masaharu Ts可i，Tatsuya Ikuta， Koji Takahashi 
2P・47 Effects of Chemical Oxidation on the Physicochemical Properties of Double-Wal1ed Carbon Nanotubes 175 

ONoriko Maeda， Katsumi Uchida， Tadahiro Ishii， Hirofumi Y司jima

Miscellaneous 

2P-48 Phonon wavepacket dynamics simulation on graphene nanoribbon junctions 

OToru Takahashi， Takahiro Yamamoto， Kazuyuki Watanabe 
176 

2P・49 Novel Ionic Gelator as an Amphiphilic Dispersant for Singel-Wal1ed Carbon Nanotube 177 

OMasaru Yoshida， Nagatoshi Koumura， Yoshihiro Misawa， Nobu戸lkiTamaoki， H司jimeMatsumoto， Said 
Kazaoui， Nobutsugu Minami 

2P-50 Solidification ofLanthanum Carbide-Encapsulating Carbon Nanocapsules 178 

OIppei Waki， Yoshinori Sato， Masaru Namura， Kenichi Motomiya， Balachandran Jeyadevan， Akira Okubo， 
Hisamichi Kimura， Kazuyuki Tohji 
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Special Lecture: 25 min (Presentation) + 5 min (Discussion) 
General Lecture: 10 min (Presentation) + 5 min (Discussion) 
Poster Preview: 1 min (Presentation)， No Discussion 

Special Lecture (9:00・9:30)

38・.} Deve10pment of Carbor山1eta1Oxide N anocomposite Electrode Materia1s 31 

Olsamu Moriguchi， Hirotoshi Yamada 

General Lecture (9:30-10:30) 

Nanohorns and Endohedral Nanotubes 

3・1 Raman Spectroscopic Study ofPo1yyne Peopods 67 

OTomonari Wakabayashi， Daisuke Nishide， Hiromichi Kataura， Yohji Achiba， Hisanori Shinohara 
3-2 Sing1e e1ectron injection into C6o-encapsu1ated carbon nano-peapod quantum dots 68 

OJ. Haruyama， J. Mizubayashi， 1. Takesue， T. Okazaki， H. Shinohara， Y. Harada， Y. Awano 
3-3 Preparation of subnanometer-sized Pt particles using sing1e-wall carbon nanohoms 69 

ORyota Yuge， Masako Yudasaka， Minfang Zhang， Tsutomu Yoshitake， Sumio lijima 

Application of N anotubes 

3・4 Non-vo1ati1e Memory using SWCNT Encapsu1ating Fullerene 70 

OHiroshi Suga， Kazuhiro Yanagi， Masayo Horikawa， Hiromichi Kataura， Tetsuo Shimizu， Yasuhisa Naitoh 

1公安****Coffee Break (10:30-10:45)女ヲ公安女ヲ公安

General Lecture (10:45-12:00) 

Application ofNanotubes 

3-5 Atomically-reso1ved自己1demission image of a1uminum clusters d巴positedon carbon nanotubes 

Tomohiro Matsukawa， Tetsuya Yamashita， Koji Asaka， Hitoshi Nakahara， OYahachi Saito 

3・6

3・7

3-8 

3-9 

Porphyrin-Modified Sing1e-Walled Carbon Nanotubes for Photoe1ectroch巴mica1Devices 

o Tomokazu Umeyama， Mitsuru Fujita， Noriyasu Tezuka， Naoki Kadota， Yoshihiro Matano， Hiroshi lmahori 
E1ectrica1 and Optica1 Gas Sensing Using Nanoscopically Dispersed Carbon Nanotube Networks 

ONobutsugu Minami， Annama1ai Karthigeyan， Konstantin lakoubovskii 

Super-Growth Sing1e-Walled Carbon Nanotube E1ectrochemica1 Capacitors 

OAli lzadi-N句afabadi，Ke吋iHata， Tatsuki Hiraoka， Takeo Yamada， Don N. Futaba， Satoshi Yasuda， Osamu 
Kimizuka， Osamu Tanaike， Hiroaki Hatori， Motoo Yumura， Sumio 1司jima

lnk-jet Printing of Carbon Nanotube Fi1m Transistors 

OTaishi Takenobu， Noriko Miura， Takeshi Asano， Tomohiro Fukao， Masashi Shiraishi， Y oshihiro lwasa 

*女*1公安*Lunch Time (11:45田13:00)*..，公安*1公安

Special Lecture (13:00・13:30)

38-2 Characteristics ofMu1ti-Channe1 Carbon Nanotube Transistors 

Fumi戸lkiNihey 

General Lecture (13:30-14:00) 

Carbon Nanoparticles and Miscellaneous 

3-10 Formation ofWater-Dispersib1e Nanotubu1ar Graphitic Assemb1y 

OWusong JIN， Guanxin ZHANG， Takanori FUKUSHIMA， Takuzo AIDA 

71 

72 

73 

74 

75 

32 

76 

3-11 Structure ofVertically A1igned Carbon Nanofibers Containing Conica1 Cavity Array: One-dimensiona1 Array 77 

of Graphitic Cones 

OAkira Koshio， Yuta Tango， Takayuki Yamasaki， Kentaro Suzuki， Fumio Kokai 

Poster Preview (14:00-15:00) 

Poster Session (15:00・16:30)
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Application of N anotubes 
3P-l Reinforcement ofEpoxy Composite Sheets by Highly Orient巴d，Highly-Loaded Single-Walled Carbon 
Nanotubes 

OHidekazu Nishino， Tatsuki Hiraoka， Tak巴oYamada， Don N. Futaba， Kenji Hata 

179 

3P・.2 DNA-assisted fixation and patteming of carbon nanotubes on glass substrate 180 

OSatoru Shoji， Jun-ichi Jono， Satoshi Kawata 

3P-3 Temperature Effects on the Optical Properties of SWNTs Dispersed in Aqueous Solutions 181 

OAkina Tanemura， Catalin Romeo Luculescu， Katsumi Uchida， Tadahiro Ishii， Hirofumi Y司jima

3P-4 lon beam modification of CNTs/chitosan composite film For cell attachment control 182 

ORumi Shizume， Katsumune Takahashi， Katsumi Uchida， Yoshiaki Suzuki， Hirofumi Yajima 

3P-5 Metal vapor deposition onto vertically aligned single-walled carbon nanotubes and bonding to metal surfaces 183 

OMakoto Watanabe， Kazuaki Ogura， Kei Ishikawa， Jun Ookawa， Erik Einarsson， Shigeo Maruyama 

3P-6 Dependence of the isolation of SWNTs by DNA wrapping on their diameter 184 

OSho Toita， Dongchul Kang， Kenichi Kojima， Masaru Tachibana 

3P-7 Stable D凹IS叩p巴ぽrSl幻S10ωonofSin時1沼gle

OTake岱shiTanaka丸，H巴huaJin凡ラTaday戸u水ki汀Ima創naka丸ヲ Shi凶ns印ukeF吋iwara，Hiromichi Kataura 

3P-8 Solubilization ofCarbon Nanotubes by Using meso-meso Link巴dZn(II) porphyrin 186 

OKenchi Watanabe， Tsuyohiko Fujigaya， Naotoshi Nakashima 

3P-9 Field Effect Chromatography that Separates Metallic and Semiconducting Carbon Nanotubes 187 

OMasahito SanoラKeisukeWada 

3P-I0 Separation ofMetallic Single-walled Carbon Nanotubes and Preparation ofTransparent and Conductive Thin 188 

Films form the Nanotubes 

OYutaka Maeda， Masahiro Hashimoto， Tadashi Hasegawa， Makoto Kanda， Takahiro Tsuchiya， Takatsugu 

Wakahara， Takeshi Akasaka， Said Kazaoui， Nobutsugu Minami， Shigeo Maruyama， Shigeru Nagase 

3P-ll Characterization ofSWNT Thin Films Deposited by Dry-Process 189 

OTakeshi Saito， Satoshi Ohshima， Shigekazu Ohmori， Motoo Yumura， Sumio lijima 

3P-12 Damage-企eeSurface Modification ofCarbon Nanotubes using Advanced Neutral Beam 190 

OAkira Wada， Yoshinori Sato， Masahiko Ishida， Fumiyuki Nihey， Kazuyuki Tohji， Seiji Samukawa 

3P・13 The New Feature Development ofCarbon Nanotubes-Polybenzimidazole Composite 191 

OMinoru Okamoto， Tsuyohiko F吋igaya，Naotoshi Nakashima 

3P・14 Teas Solution Indi 

Properties of N anotubes 
3P・15 Side-wall attachment ofporphyrins to the shortened and esterified carbon nanotubes 193 

OToru Arai， Shingo Nobukuni， Kohsuke Takahashi， Yoshikazu Shimote 
3P・16 Simultaneous Spectroscopy ofPhotolumin巴scenceand Photocurrent oflndividual Carbon Nanotubes in Field- 194 

Effect Transistor 

OAtsushi Kobayashi， Yutaka Ohno， Shigeru Kishimoto， Takashi Mizutani 

3P-17 Bundle Reconstruction oflsolated Single Wall Carbon Nanotubω195  

OYasumitsu Miyata， Kazuhiro Yanagi， Yutaka Maniwa， Kataura Hiromichi 

3P・18 Length dependence ofRaman intensity ofthe single wall carbon nanotube 196 

OJin Sung Park， Saito Riichiro， Kentaro Sato， Jie Jiang， Gene Dresselhaus， Mildred S. Dresselhaus 

3P-19 Imaging Inter-Iayer Interaction ofDouble-Wall Carbon Nanotubes by UHV-STM 197 

ONobuyuki Fukui， Yuko Kato， Hiromichi Yoshida， Toshiki Sugai， Seiji Heike， Masaaki Fujimori， Y可1
Suwa， Tomihiro Hashizume， Hisanori Shinohara 

3P-20 In Situ Manipulation and Engineering ofCarbon Nanotubes 198 

Inside a Transmission Electron恥licroscope

OChuanhongJIN， Kazutomo SUENAGA， Sumio IIJIMA 

3P-21 Predominance of small bundles within vertically aligned SWNT arrays 199 

OErik Einarsson， Takahisa Yamamoto， Zhengyi Zhang， Yuichi Ikuhara， Shigeo Maruyama 

3P-22 Effect of Chemical Modification for SWNTs-FET Properties 200 

ORyotaro Kumashiro， Yuki Abe， Takeshi Akasaka， Yutaka Maeda， Nagao Kobayashi， Katsumi Tanigaki 

3P・23 Threshold Energy ofLow-Energy Irradiation Damag巴inSingle-Walled Carbon Nantoubes 201 

o Satoru Suzuki， Y oshihiro Kobayashi 
3P・24 R巴gulatednear四IRoptical properties of individually dissolved semiconducting SWNTs via redox reaction 202 

OKouhei Hirayama， Tsuyohiko Fujigaya， Yasuro Niidome， Naotoshi Nakashima 

3P-25 Optical Properti巴sofHigh-Purity Single Wall Carbon Nanotubes Sorted by Electronic Structure 203 

OYasumitsu Miyata， Kazuhiro Yanagi， Yutaka Maniwa， Hiromichi Kataura 
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3P-26 Environmental effects on photoluminescence of carbon nanotubes 204 

OYutaka Ohno， Shinya Iwasaki， Yoichi Murakami， Shigeru Kishimoto， Shigeo Maruyama， Takashi Mizutani 

3P-27 Ethanol Gas Pressure Dependence ofPhotoluminescence企omS¥¥明Ts 205 

OShoh巴iChiashi， Satoshi Watanabe， Tateki Hanashima， Y oshikazu Homma 

Fullerene Formation 

3P-28 Synthesis ofFuller巴neC70 from C60 by Gaseous Carbon Insertions into CC Bonds 206 

OTeruhiko Ogata， Tetsu Mieno， Yoshio Tatamitani 
3P-29 Sructural study of SC2C8iII) 207 

OKojiNak司jima，Yuko Iiduka， Takatsugu Wakahara， Takahiro Tsuchiya， Yutaka Maeda， Takeshi Akasaka， 

Naomi Mizorogi， Shigeru Nagase 

Metallofullerenes 

3P-30 Reversible Reaction ofLa@CS2 with Cyclopentadiene Derivatives 208 

OSatoru Sato， Yutaka Maeda， Koji Inada， Tadashi Hasegawa， Michio Yamada， Takahiro Tsuchiya， Takeshi 

Akasaka， Tatsuhisa Kato， Naomi Mizorogi， Shigeru Nagase 
3P-31 Optical Emission ofNitrogen Plasmas Yielding the Synthesis ofNitrogen Atom Encapsulated Fullerenes 209 

OShohei Nishigaki， Toshiro Kaneko， Rikizo Hatakeyama 

Formation and Purification of N anotubes 

3P-32 Ultrasonication Induced Structural Change ofSWNTs Dispersed in the CMC Aqueous Solution 210 

OShigekazu Ohmori， Takeshi Saito， Satoshi Ohshima， Motoo Yumura， Sumio Iijima 

3P・33 Growth Window and Possible Mechanism ofMillimeter-Thick Single-Walled Carbon Nanotube Forests 211 

OKei Hasegawa， Suguru Noda， Hisashi Sugime， Kazunori Kakehi， Zhengyi Zhang， Shigeo Maruyama， 

Yukio Yamaguchi 

3P-34 Growth Mechanism ofHorizontally-Aligned S¥¥明Tson Sapphire Surface Studied with Pattemed Catalyst 212 

OHiroki Ago， Naoki Ishigami， Ryota Ohdo， Masaharu Ts可i，Tatsuya Ikuta， Koji Takahashi 
3P-35 First-principle Molecular dynamics 山 dyon initial stag巴ofCNTformation from 3C-SiC (111) surface 213 

OHiroki Moriwake， Tsukasa Hirayama， Michiko Kusunoki 

Endohedral Nanotubes， Carbon Nanoparticles 
3P-36 Design ofCarbon-MgB2 Hetero-Double-Walled Nanotube 214 

OSusumu Saito 
3P-37 Optical Bandgap Modulation of Single-Walled Carbon Nanotubes by Encapsulated Fullerenes 215 

OToshiya Okazaki， Shingo Okubo， Takeshi Nakanishi， Takeshi Saito，民1inoruOtani， Susumu Okada， Shunji 

Bandow， Sumio Iijima 

3P-38 Magnetically and Fluorescently Visualized l'匂nodiamond 216 

ONaoki Komatsu， Masahito Morita， Tatsuya Takimoto， Takahide Kimura， Toshiro Inubushi 

Miscellaneous 

3P-39 Preparation and microstructural observation of SiC nanotubes and SiC composite nanotubes; C-SiC， SiC-Si02 217 

and C-SiC-Si02 coaxial nanotubes 

OTomitsugu Taguchi， Naoki Igawa， Hiroyuki Yamamoto， Shinichi Shamoto 
3P-40 Growth Temperature Influence on Vertically Aligned Carbon Nanofibers Containing Conical Cavity Array 218 

OYuta Tango， Akira Koshio， Kentaro Suzuki， Taka戸.udYamasaki， Fumio Kokai 

3P-41 Preparation and properties ofrubber filled with radial single-walled carbon nanotubes 219 

OYoshinori Sato， Kenji Hasegawa， Nobuyuki Ito， Kenichi Motomiya， Balachandran Jeyadevan， Kazuyuki 

3P-42 Stability ofDNA-dissolved Carbon Nanotubes Separated by Size-Exclusion Chromatography 220 

OYuichi Noguchi， Tuyohiko Fujigaya， Yasuro niidome， Naotoshi Nakashima 

3P-43 Preparation of Carbon N anotwist Paste for Printing-Type Field Emitter 221 

OY. Hosokawa， M. Yokota， H. Takikawa， S. Itoh， T. Yamaura， K. Miura， K. Yoshikawa， T. Ina 

3P-44 Nanostructure Analysis of Carbon Nanowalls 222 

OKen-ichi Kobayashi， Makoto Tanimura， Hiroshi Nakai， Akihiko Yoshimura， Hirofumi Yoshimura， Kenichi 

KojimaラMasaruTachibana 

3P-45 Atomistic structural dynamics of carbon atomic wires by TEM-STM combined microscopy 223 

OKoji Asaka， Kensuke Okumura， Hitoshi Nakahara， Yahachi Saito 

3P-46 Polyimide/Carbon nanotube composites 224 

OTsuyohiko Fujigaya， Minoru Okamoto， Ryosuke Tomokiyo， Naotoshi Nakashima 

25-



July 13th， Fri. 

3P-47 Spin Injection into a Graphite Thin Film 225 

OMegumi Ohishi， Masashi Shiraishi， Ryo Nouchi， Taka戸lkiNozaki， Teruya Shinjo， Yoshishige Suzuki 
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特別講演 1 IS-1 

Carbon nanotubes research atAIST/Research Center for Advanced Carbon 

Materials: From basic to industrial applications 

S.Iijima 

Resωrch Center for Advanced Carbon Materials (AIS刀， Me0・oUniversity and NEC 

1-501 Shiogamaguchi， Tenpαku， Nagoya 468-850之Japan

The first modem nanocarbon materials， particularlぁcarbonnanotubes， have reported 16 years ago. 

The materials attracted many researchers in the field of basic sciences and industrial applications and have 

initiated new fields of nanoscience and nanotechnology. Nanocarbon has started with fullerene in 1985 and 

its main interest has shifted toward carbon nanotubes， and in the last couple of years the new graphene 

science， which deals with a single sheet of f1at graphitラ hascome out and rapidly grown. Obviously， 

nanocarbon materials have created rich fields of scientific excitements as well as possible industrial 

applications. 

ln this talk 1 would like to introduce some of research activities which have being conducted at the 

Research Center for Advanced Carbon Materials at AIST in Tsukuba. The Center consists of three 

laboratories of nanotube synthesis and applications led by K. Hata， nanotube (TEM) characterization led by 

K. Suenaga and nano-diamond coating led by M. Hasegawa， together with some independent research 

experts such as T. Okazaki and T. Saito. ln recent years their activities have become visible intemationally， 

which we have aimed at. The center's activities have been supported mostly by public agencies at 

substantial financial level. Because of this social background 1， as the director of the center， feel some 

responsibilities to inform to the public on our activities and therefore 1 asked the organizers a time 

allocation for my presentation in this symposium. 

For the reason mentioned above， 1 would like to present recent research highlights of our research 

center and ask your comments and opinions. 

Corresponding Author : Sumio Iijima 

ιmail: iijimas@ccmfs.meijo-u.ac伊，Tel&Fax: +81・52-834-4001
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特別講演2 1S-2 

HRTEM Imaging of Doped Single-walled Carbon N anotubes and 

Fullerene N anopeapods 

Lunhui Guan1，2*ラKazuSuenaga1， Zujin Shi2， Zhennan Gu2 and Sumio Iijima1 

1 Research Center for Advanced Carbon Materials， Nationallnstitute of Advanced 

lndustrial Science and Technology (AIS刀Tsukuba，305-8565， JAPAN 
2 College of ChemistηJ and Molecular Engineering， 
Peking Universiか'， Beijing，100871， China 

Encapsulation of foreign materials into the hollow cavity of single-walled carbon 

nanotubes (S¥¥明Ts)is of scientific importance in two different viewpoints; (i) Doping 

SWNTs is known to significantly modify the properties of host SWNT， and (ii) the properties 

of guest materials can be also altered by being encapsulated. Thus， it is quite important to 

reveal the doping sites and structural transformation of dopant in confined nanospace. 

In this talk， we report direct evidence for the a) 

doping site of alkali (n-type doping) and halogen 

(p-type doing) atoms in SWNTs and fullerene 

peapods (C6o@SWNTs) by means ofhigh-resolution 

transmission electron microscopy (HR-TEM). The 

structures of iodine inside SWNT are polymorphic 

and quite sensitive to the diameter of the host SWNT. c) 

[1] It is proven that potassium and iodine atoms can 

be doped at the intermolecular sites within C60 諮

問apods.[2，3]The doped intratubular iodine atom(s) 

have some catalytic effect to trigger the coalescence 

of the C60 molecules inside SWNTs， eventually 

inducing the transformation of C60 into a tubular 

structure. It is also reported how the smallest SWNTs 

with diameter of 0.4-0.5 nm are derived 企omthe 

catalytic reaction confined in SWNTs. [4， 5] 

、もz
z
f

'hu 

Fig.l HRTEM images and simu1ated mode1s 

of iodine doped C60 peapods 

Reference 

[1] Guan LH， Suenaga K， Shi ZJ， Gu ZN， Iijima S， Nano letters， ASAP 
[2] Guan LH， Suenaga K， Shi ZJ， Gu ZN， Iijima S， Physical Review Letters， 94， 045502 (2005) 

[3] Guan LH， Suenaga K， Shi ZJ， Gu ZN， 1討imaS， Submitted. 
[4] Guan LH， Shi ZJ， Li MX， Gu ZN Carbon， 43， 2780-2785(2005) 
[5] Guan et al. (unpub1ished) 

Corresponding Author: Lunhui Guan 

TEL: +81-29-861・5694，FAX:十81-29司861-4806，E-mai1: guan-1unhui@aist.go.jp 
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特別講演3 2S-1 

Precision Control of Hybridization of N anocarbon and Metalloporphyrins 

Kentaro Tashiro 

School of Engineering， The UniversiかofToか0，Tokyo 113“8656， Jap仰

Supramolecular interactions between白llerenesand metalloporphyrins 
have been found to occur in the solid state and constrained media. Whi1e 
the hybridization of fullerenes with such largely 1トconjugatedmoieties is an 
interesting subject in molecular and materials sciences of carbon 
nanoc1usters， there were two considerable limitations. Namely， the 
fullerene-metalloporphyrin interactions are generally hardly detectable in 
solution. On the other hand， although segregation of白llerenesand metalloporphyrins in 
their hybrids is necessary for the highly efficient photoelectric conversion， the two 
components tend to form altemating arrangements in their hybrids as the result of the 
donor-acceptor type interactions. Here we report our strategies to overcome these 
limitations and precisely control the hybridization offullerenes with metalloporphyrins [1]. 
In order to obtain stable fullerene-metalloporphyrin hybrids in solution， we have 

designed cyc1ic dimers of metalloporphyrins having a π-electronic cavity for the 
complexation with fullerenes. The inc1usion complexes composed of such metalloporphyrin 
hosts and fullerene guests do not dissociate even under chromatographic conditions. The 
binding capabi1ity of the hosts are widely tunable using the central metal ions of the porphyrin 
moieties， where the association constants of a cyc1ic dimer of methyliridium(III) porphyrin 
and fullerenes are one of the largest values among those for any host-guest complexation 
events. One of the applications of the metalloporphyrin dimers is the selective extraction of 
rare白llerenesand enantiomers of chiral fullerenes， which has been successfully achieved 
after optimizing the structures of the porphyrin 企ameworkand linker parts， together with the 
proper choice ofthe central metal ions [2]. 
Very recent1y， we have found that introduction of amphiphilicity into the molecular 

structure allows segregation of fullerenes and metalloporphyrins， despite of their interactions， 
in the fullerene-metalloporphyrin hybrid materials. A fused porphyrin Cu complex bearing 
alkyl and triethylene glycol chains at the periphery forms a liquid crystalline (LC) phase from 
-20 to 70 oC. Since an analogous hydrophobic porphyrin having alkyl chains displays LC 
phase with a much narrower temperature range， amphiphilic structure of the molecule should 
mostly restrict the orientation of the fused 

[1] K. Tashiro and T. Aida， Chem. Soc. Rev.， 36， 189 (2007). 
[2] Y. Shoji， K. Tashiro， and T. Aida， J. Am. Chem. Soc.， 126， 6570 (2004); ibidリ 128，10690 (2006). 
[3] T. Sakurai et al.， in preparation. 
Corresponding Author: Kentaro Tashiro 
TEL:十81-3-5841・8803，FAX: +81-3・5841-7310，E-mail: tashiro@macro.t.u-tokyo.ac.jp 
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特別講演 4 2S-2 

Synthesis of Alkali Endohedral Fullerenes (Li⑨C60) 

oKenji Omote， Yasuhiko Kasama， 
Tomohiro Konno， Hiroki TakahashiラFuyukoYamashita， Hiroshi Okada， Haruna Oizumi， 

Kazuhiko Kawachi， Yuzo Mizobuchi， Kuniyoshi Yokoo and Shoichi Ono 

ldeal Star lnc.， Sendai 989-3204， Japan 

Endohedral fullerenes have been energetically investigated in chemical and physical 

fields， because they have characteristics which empty fullerenes can't realize [1-3]. They 

be10ng to piezoelectric semiconductors and are expected to be new nano-materials of 

electronics for the next generation [4]. One of the characteristics comes企omthe nanoscale 

electronic polarization by a charge transfer from enc10sed atoms to carbon cages. Since the 

technology strategy map 2006 of Ministry of Economy， Trade and Industry places this 

characteristic as a central agenda item， it is expected to apply to the optical memory 

materials with a nano-meter size， means petabyte memory [5]. 

Alkali endohedral fullerenes have attracted wide interests for a viewpoint of charge 

transfer. Campbell et a1. produced Li@C60 by using low energy ion implantation [6]. 

In EU， NICE project (Nanoscale Integrated Circuits using Endohedral Fullerenes) which 

produces Li@C60 has taken effect for four years [7]. Howeverラ the satisfactory 

characterization of Li@C60 has not been succeeded because of the difficulty of mass 

production and their purification [1，8]， so that they have not been made practicable yet [4]. 

We have tried a new synthesis method of alkali endohedral fullerenes by getting a hint 

企omthe plasma process developed at Tohoku University [9]. In this presentation， we 

introduce our recent results of the mass production of Li@C60 by using a Li plasma process. 

[1] H. Shinohar孔 Rep.Phys. Prog. Physt.， 63， 843 (2000) 

[2] End.φtllerenes: A New Family of Carbon Clusters;・T.Akasaka and S. Nagase (EdsよKluwerAcademic 

Publishersラ2002.

[3] Quarterly Fullerene: The Foreft・'ontofScience & Technology; Dia Research Martech Inc.， 1-47， (1993-2004) 

[4] K. Omote and K. Y okoo， NEDO Research Report: The lnvestigation Regarding the Predominance in Regard 

to lndustrial Utilization of Endohedral-Fullerenes FY2006 result report， 06002242-0-1， 1・278(2007) 

[5] Ministry ofEconomy， Trade and Industry， Technology Strategy Map 2006， 226 (2006) 

[6] R. Tellgmann， N. Krawez， S. H. Lin， 1. V. Hertel and E. E. B. Campbell， Nature， 382， 408 (1996) 

[7] NMRC， University ofCambridge， University ofCothenborg and IBM Zurich， Covering Period: (2000・2004)，

Final Project Report: Nanoscale lntegrated Circuits using Endohedral Fullerenes， 1-102 (2004) 

[8] T. Akasaka， Special Lectz仰 ofthe27'h Fullerene-Nanotubes General symposium， 38圃8(2004) 

[9] T. Hirata， R. HatakeyamaラT.Mieno and N. Sato， J Vac. Sci. Technol. A， 14， 615 (1996) 
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Development of Carbon/Metal Oxide Nanocomposite Electrode Materials 

o Isamu Moriguchi， Hirotoshi Yamada 

Department of Applied Chemistη~ FaculかofEngineering， Nagasαki Universi帆
Nαgasaki852-8521，Japan 

There is growing interest in electrica1/ elec仕ochemicalenergy storage devices with both 

high-power and high-energy densities because of possible applications as auxiliary power 

sources for electric and/or hybrid-electric vehicles. The performance of conventional power 

sources is however not enough for the auxiliary power sources. Many studies have been 

made from the fol1owing approaches to develop high performance power sources; 
. Improving electric double layer capacitive property by increasing surface area and 

control1ing the porous structure of carbons 
. Developing pseudocapacitor materials by modifying carbon surface with redox active 
materials 

. Increasing power density of secondary batteries by nanostructural control of electrode 

materials 

For al1 the cases， it is important to develop a nanostructured electrode that enables 
high-rate and high-capacitive electrochemical reactionsラthatis， to design and fabricate a high 
surface area electrode structure effective to electrochemical processes， such as ion-transport at 
a quasi-three回dimensionalelectrode interface， ion-diffusion in active material solid， electron 
transfer accompanied with a faradic reactions， and so on. 
Here 1 will focus on nanoporous materials such as porous carbons and carbon/metal oxide 

porous composites as one of candidates of electrode materials for high power sources. 

Topics will be as fol1ows; 
Topic 1: Development ofmesoporous and macroporous carbons as EDLC materials [1-4] 
Topic 2: Development ofnanoporous composites ofLi-intercalation host/carbon as high rate 
Li-intercalation materials 

(2-1) Nanoporous Li-intercalation host materials (Ti02， LiFeP04， Graphite) [5-9] 
(2-2) Bicontinuous porous nanocomposites of Li-intercalation hosts and carbons such as 
S¥¥明Ts[10] 

(2-3) Post-modification ofthe surface ofporous carbons with metal oxide nanolayers [11] 

[1] H. Yamada， H. Nakamura， Y. Watanabι1. Moriguchi， T. Kudo， J. Phys. Chem. C， 111，227 (2007). 
[2] M. Kodama， J. Yamashita， Y. Soneda， H. Hatori， K. Kamegawa， 1. Moriguchi， Chem. Lett.，. 35， 680 (2006). 
[3] 1. Moriguchi， F. Nakahara， H. Yamada， T. Kudo， Stud Suげ~ Sci. Catal.， 156， 589 (2005). 
[4] 1. Moriguchi， F. Nakahara， H. Yamada， T. Kudo， Electrochelηical and Solid State Letters， 7， A221 (2004). 
[5] 1. Moriguchi， R. Hidaka， H. Yamada， T. Kudo， Solid State Ionics， 176， pp.2361-2366 (2005). 
[6] 1. Moriguchi， Y. Shono， H. Tachikawa， H. Yamada， T. Kudo， Y. Teraoka， T. Nishimi， Chem. Lett.， 34(4)， 610 
(2005). 
[7] H. Yamada， T. Yamato， 1. Moriguchi， T. Kudo， Solid Sate Ionics， 175， 195 (2004). 
[8] H. Yamada， T. Yamato， 1. Moriguchi， T. Kudo Chemistry Letters， 33(12)， 1548 (2004) 
[9] 1. Moriguchi， Y. Katsuki， H. Yamada， T. Kudo， T. Nishimi Chemistry Letters， 33(9)， 1102 (2004) 
[10] 1. Moriguchi， R. Hidaka， H. Yamada， T. Kudo， H. Murakami， N. Nakashima.ラAdv.Mater.， 18， 69 (2006). 
[11] H. Yamada， K. Tagawa， M. Komatsu， 1. Moriguchi， T. Kudo， J. Phys. Chem. C， in press (2007). 
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Characteristics of Multi-Channel Carbon N anotube Transistors 

Fumiyuki Nihey 

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

Carbon nanotubes (CNTs) are attracting much attention because of their peculiar 
mechanical and electrical properties. Especially， their chemical stabi1ity， mechanical 
flexibi1ity， and excellent carrier mobility are suitable for the next-generation electronics. In 
this talk， we present three aspects of mu1ti-channel CNT field-effect transistors (CNTFETs); 
high-frequency characteristics， low-temperature fabrication on plastic substrates， and yield 
estimation from the switching point of view. 
We have developed a high density mu1tiple-channel CNTFET structure whose output 

impedance is much lower than conventional single channel CNTFETs， and the de-embedding 
procedure that removes parasitic impedance components in measured S-parameters of 
small-signal devices. We have obtained a cut-off frequency over 10 GHz and maximum 
oscillation 企equencyhigher than 3 GHz. These values are among the highest ever published. 
We also made an equivalent circuit RF model for the CNTFETs， which appeared to be 
consistent with the experimental resu1ts. Detailed analysis revealed that decreasing parasitic 
capacitances of electrodes and resistances of CNT extensions greatly improve the 
high-frequency performance of CNTFETs. 
We have also fabricated CNT network transistors on plastic substrates.“CNT ink"， in 

which single-wall carbon nanotubes were dispersed in organic solvent， was spin-coated onto 
the plastic substrates with predefined electrodes (sourceラ drain，and gate). The maximum 
process temperature can be below 1000Cラwhichis suitable for reliable fabrication on plastic 
substrates. Field mobility reached 100 cm2/Vs with onloff current ratio ranging from 10 to 103. 
By using these devices， we succeeded in driving organic light-emitting diodes (OLEDs). 
Controlling CNT density is found to be important for achieving excellent switching 

property. CNTs can be metallic or semiconducting， depending on their chirality. One third of 
CNTs are believed to be metallic， which may degrade the switching behavior due to the 
creation of metallic paths between source and drain. This can be overcome by controlling 
CNT density. We simulated device characteristics of CNT network transistors focusing on the 
impact of CNT length on switching behavior. A1though CNT consists of 1/3 of metallic 
content， we found that device yield of more than 99.9% could be obtained by reducing CNT 
length les 

[1] Kaoru Narita， Hiroo Hongo， Masahiko Ishida， and Fumiyuki NiheyラPhys.Stat. Sol. (a) 204， 1808 (2007). 

Corresponding Author: Fumiyuki Nihey 
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Environmental Effect of Single-Walled Carbon Nanotubes 

。YuheiMiyauchi 1 ， Riichiro Sait02， Kentaro Sat02， Yutaka Ohno3ラShinyaIwasaki3ラ
Takashi Mizutani3， Jie Jiang4， Shigeo Maruyama1 

1 Department of Mechanical Engineering， The University of Toわ叫 Tokyo113田8656，Japan 
L Department of Physics， Tohoku University and CREST， Sendiαi 980-8578， Japan 
J Department of Quαntum Engineering， Nagoya University， Nagoya 464酬8603，Japan 

4 Center for High P町formαnceSimulation and Dψαrtment 01 Physics， North Carolina Stαte 
University， Raleigh， North Carolina 27695-7518， USA 

Optical transition energies of single-walled carbon nanotubes (SWNTs) are affected up 

to 80meV by the change of environment materials around SWNTs [1]， which is known as an 
environmental effect. Here， we have ca1culated the environmental effect for optical transition 
energies of an exciton [2] for many different (n，m) Sv.冷~Ts [3]. In the ca1culation， we solve 
the Bethe-Salpeter equation within the extended tight-binding model [2] in which we adoped 
a polarization function for the valence πelectrons and a static dielectric constant κfor the 

effects of the core electrons and the surrounding materials. The static dielectric constant κ 

used in the exciton ca1culation can be expressed as a harmonic average (serial connection of 
two capacitors) of two dielectric constants of the surrounding material Kenv and S¥¥市HKωbe

[3]， that is 11κ= Cenv/Kenv 十 Ctt帥1Ktube，where Cenv and Ctl肘 arecoefficients for the outside and 
inside of a SWNT， respectively. In Fig.l(a)， we show a schematic view for the serial 
connection of electric flux and how the K is 

related to κenv and κωbe. In Fig.l (b)， the shift (a) 
of the experimentally observed Ell energy is 

plotted as a function of Kenv for different (n，m) 
SWNTs (left) [1] and the corresponding 
calculated results (right) [3]. The ca1culated 
results reproduce well the environmental 

effects for the experimental transition 
energies for various surrounding materials (b)o~φ仰p凶er円1m符m
and for various diameters. 
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[1] Y. Ohno， S. Iwasaki， Y. Mur北ami，S. Kishimoto， S. 
Maruyama， T. Mizutani， arXiv:0704.l018vl 

[ cond-mat.mtrl剛氏i](2007). 

[2] J. Jiang， R. Saito， G.G. Samsonidze， A. Jorio今S.G.

Chou， G. Dresselhaus， M.S. Dresselhaus， Phys. Rev. B 
75， 035407 (2007). 

[3] Y. Miyauchi， R. Saito， K. Sato， Y. Ohno， S. Iwasaki， 
T. Mizutani， J. J iangヲS.Maruyama， Chem. Phys. Lett.，・600
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Fig.l (a) Schematic of the connection of 

the dielectric constants. (b) Transition 

energy dependence plotted as a function of 

Kenv: (left) experiment (right) theory. 
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Crystal Face Dependence of Chiralities of Aligned SWNTs on Sapphire 

会 1，2 T.T__4._ T____4._1 l\.JI"_~_L__.. 'T'~..!!1 ，2 
Naoki Ishigami¥ Hiroki Ago"'''， Kenta Imamoto¥ Masaharu Tsuji""， 

Konstantin Iakoubovskii3， and Nobutsugu Minami3 

1 Graduate School ofEngineering Sciences， Kyushu University， Fukuoka 816-8580， Japan 
2Institute戸rMaterials Chemistry and Engineering， Kyushu University 
3 Nanotechnology Research Institute， AIST， Tsukuba 305-8565， Japan 

The directional control of single-walled carbon nanotubes (SWNTs) on a substrate is one 

ofthe most important issues for fabrication of SWNT-based devices. In our previous work， 

we succeeded to grow horizontally-aligned SWNTs on A-and R-faces of sapphire substrates 

[1]. The influence of the crystal face on the structure of aligned SWNTs is interesting from 

the view point of epitaxial growth. Here， we report on the characterization of the aligned 

SWNTs by Raman and photoluminescence (PL) spectroscopies. 

SWNTs were grown on A-， R-， C-face sapphire and Si02 substrates by chemical vapor 

deposition (CVD) after immersing the substrates in Co-based catalyst solution (Fig. 1). 

The diameter distribution estimated from the Raman spectra were found to depend on the 

crysta1 face of sapphire (Fig. 2). The surfaces which aligned SWNTs gave re1atively 

narrow diameter distribution， which may suggest the interaction between the surface and 

meta1 nanopartic1es. Interestingly， we could observe the PL from the aligned SWNTs on 

sapphire， even though the SWNTs were not covered with surfactant. The polarized PL 

measurement confirmed the alignment of nanotubes. This is the first demonstration of the 

PL emission from uncovered SWNTs deposited on a substrate， as far as we know， because 

tube-substrate interactions are supposed to quench the luminescence. The chirality 

distribution shown in Fig. 3 agreed with the diameter distribution obtained by the Raman 

PLwavel納容納付制

Fig. 3 PL map of a1igned SWNTs 
on R-face sapphire. The PL detection 
range isく1.7μm，corresponding to 
about 1.4 nm of SWNT. 

A-face R-face C-face Si0
2 

Fig. 2 Diameter distr均utionsof 
SWNTs grown on A-， R-， C-face 
sapphire and Si02 determined from 
Raman spectra (dNT=248/的 BM)'
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Oxidative Reaction of Carbon N anotubes with O2 and 03 

OTakazumi Kawai and Yoshiyuki Miyamoto 

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

The process of refinement is one of the most important issues for various device applications 
of carbon nanotubes， since amorphous carbons and defective nanotubes would often inhibit 
the original functions of intact nanotubes. The chirality selection of nanotubes is also 
important role of the refinement process. Oxidation is one of the promising candidates for the 
refinement process[l]. Although the understanding of atomic-scale mechanisms for oxidative 
reaction should be important to increase efficiency of the refinement， the detailed mechanism 
is unc1ear due to the complexity of the process. 
Recently， we have done the first-principles calculations for the process of breaking C-C bond 
after cyc1o-addition of O2 [2]. We found that the reaction barriers for the breaking C回Cbond 
are depending largely on the local curvature radius along the C-C bond about to break. The 
reaction barriers are also depending on the electronic states of initial cyc1o-addition and 
transition state (saddle point) configurations at the Fermi leve1. Thus， the hole-doping effect 
changes the reaction barriers dramatically， and even change the order of barrier heights. We 
also discuss the refinement of nanotubes with 03 molecules， which is known for more 
reactive oxidative adduct. 

References: 
[1] Y. Miyata， Y. Maniwa， and H. Kataura， 1. Phys. Chem. B 110，25， (2006)， Y. Miyata， T. Kawai， Y. Miyamoto， 

K. Yanagi， Y. Maniwa， H. Kataura， accepted for publication in J. Phys. Chem. C. 
[2] T. Kawai and Y. Miyamoto， submitted. 
Corresponding Author: Takazumi Kawai 
E-mail: takazumi-kawai⑨mua.biglobe.ne.jp 
Tel&Fax: +81-29・850・1554，+81-29-856-6136 
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Structural Dependence of Raman Spectrum of Single-walled Carbon 

N anotube Adsorbed on Metal Electrode 

Norihiko Takeda1 and oKei Murakoshi1，2 

l~αrpan Science and Technology Agency， S，αrpporo， Hokkaido 060-0810， Japan 
2 Division of Chemist.り)， Graduate School of Science， 
Hokkaido University， Sapporo， Hokk，αido 060-0810， Japan 

Single-walled carbon nanotubes (S""，市Hs)are attractive materials for new generation 
of devices such as nano-scale electronic circuits， field emission displays， and白elcells to 
name a few. Although researches on physical properties of SWNTs had progressed 

significantly in the past， much of information about structu民 dependentproperties are based 
on theoretical calculations. The difficulties in experimentally evaluating structure-property 
relationships of SWNTs are partly due to the lack of abilities to select specific tube structures 

in the current syn曲目ismethods. The band position in the absolute energy scale， i.e. the redox 
potential of S""，明Tis an important factor in determining its chemical reactivity. Variations of 

Fermi energies ofisolated SWNTs were found in Raman spectroelectrochemical studies [1，2]. 
The Fermi levels became more positive in the electrochemical scale with decreasing 

diameters. Diameter-dependent charge transfer reactivities of SDS-dispersed SWNTs to 
electron acceptors in solution were interpreted as a result of the Fermi level shifts. In the 

present study， resonant Raman scattering spec仕aof single-walled carbon nanotubes (S明暗~Ts)

were investigated under electrochemical potential controln aqueous electrolytes. Raman 

spectra of the radial breathing mode (問M)with a 785 -0.6 ~........................................................................................................~ 0.0 
nm laser excitation were monitored while slowly -0.4 

0.2 

0.4 

scanning the electrode potential. Six resolved RBM 歪0.2
peaks all showed decreasing intensities when the 意。D
electrode was positively biωed due to depletion of ~ 
valence band electrons associated with resonant さ

〉
0.6 ~ 

司". 

excitation. General trends of more positive potentials ~ u斗

for electrochemical oxidation of narrower diameter fr 0.6 

tubes with higher RBM frequencies were observed 0.8 

(Figure). This is consistent with the larger bandgaps of 1.0 
narrower diameter tubes which would have the valence 150 200 }50 

300 

man shift (cm") 

bands at more positive potential. However， the large Fi伊re.Plots of half-intensity potentials of 
F ermi level shifts reported for isolated SWNTs were RBM peaks. a&ains~ their.. peak p.ositions. 
not observed in the bundle system(3)me bundled zt記3t:21ど22fzritztif4tY35
tubes could have constant Fermi energy much like a lines are plots of locatIonsof VBlen印刷te

edges 仕ommidgap energy in p叫lela (Fermi 
bulk solid materials and/or the surrounding SDS 肝 el)for semiconducting (vl(s)，泣い))and 
micelles could shield 

References: (1) N. Takeda and K. Murakoshi， Anal. Bioanal. Chem.， 388， 103 (2007); (2) K. Murakoshi and 

K.・i.Okazaki， Elecrochem. Acta， 50ラ3069(2005); (3) K.-i. Okazaki， Y. Nakato and K. Murakoshi， Phys. Rev. B， 
68， 035434 (2003). 
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Field圃EffectDoping in C剖・bonNanotubes 

OKazuyuki Uchida and Susumu Okada 

Center for Con毛putationalSciences， University of丹ukuba，1・1-1Tennodai， Tsukuba 

305・8577，Japan 
CREST， Japan Science and Technology (JST) Agency， 4-1・8Honcho， Kawaguchi， 

Saitama 332-0012， Japan 

Abstract: Carbon nanotubes (CNTs) are considered to be a premier materia1 for the 

constituent of nanometer-scale e1ectronic devices in the next generation. Indeed， it has 

been demonstrated that the individual semiconducting CNT work as field-effect 

transistors (FETs) [1，2]. Although experiments on CNT-FET are rapid1y advancing， little 

is known as to fundamenta1s of the CNTs in FET structures. In particu1ar， e1ectronic 

property of charged CNTs under e1ectronic fie1d is not addressed yet. In this work， to 

uncover the issue， we perform first酬princip1esdensity-functiona1 calculations on the 

e1ectronic structures of the charged CNTs under e1ectronic fie1d. 

Here we take a (7，0) CNT p1aced over an e1ectrode， which is considered to be a 

structura1 mode1 of the CN下FETwith a back (top) gate e1ectrode. By app1ying the gate 

voltage， carriers are injected into the CNT and the accumu1ated charges are distributed 

in a part of the CNT facing to the e1ectrode. Using this distribution of the accumu1ated 

charge， we can estimate e1ectrostatic component of the capacitance between the CNT 

and the e1ectrode. We a1so point out that the capacitance strong1y depends on the bias 

voltage， reflecting the e1ectronic structure of the CNT. The result indicates that the 

characteristics of CNT-FETs sensitively depend on the diameter and chirality of the 

constituent CNTs. 

References 

[l]S. J. Tans et a1， Nature 393， 49 (1998). 

[2]R. Martel et a1.， Appl. Phys. Lett. 73， 2447 (1998). 
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Variable Range Hopping Conduction in Boron doped MWNT Assembly 

o Shunji Bandow， Shigenori Nurnaoa， Surnio Iijirna 

Department 01 Materials Science and Engineering， Meij・oUniversity， 

1-501 Shiogamaguchi， Tenpaku， Nagoya 468四8502，.fIαrpan 

a The Graduαte University戸rAdvanced Studies， Institute戸rMolecular Science， 

38 Nishigo-Nak，α， Myodaiji， Okazaki 444-8585 

En1argement on the innermost tube diameters for the 

mu1tiwall carbon nanotubes (MWNTs) can be achieved 

by the vaporization of the boron containing carbon rod in 

RF-p1asma [1]. ESR study for these RF-driven 

B-MWNTs indicated the growth of new signa1s at g = 

2.001 and 2.002 with increasing the boron concentration 

[1]. In the present study， we measured the e1ectrica1 

resistivity for the pellet formed M¥¥明Tassemb1y as a 

白nctionof the boron concentration. 

Figure 1 is the SEM images taken for the 

pellet-formed MWNT assemb1ies. Surface structures are 

simi1ar between these samp1es， suggesting that the 

resistance does not c1ose1y depend on the porosity. 

E1ectrica1 resistivities were measured in the temperature 

range between 6 and 290 K by the 4-probes 

method. Figure 2 is the temperature 

dependences of the e1ectrica1 resistivity p 

together with the boron concentration 

dependence of p町 (pat room temperature) as 

an inset figure. These temperature dependences 

c1ear1y indicate that the e1ectrica1 conduction is 

govemed by the 3 dimensiona1 Mott's variab1e 

range hopping (3D-VRH) mechanism and the 

resistivity indicates monotonic decrease as a 

function of the boron concentration. Ana1yses 

of the characteristic temperature To for 3D-VRH 

c1ear1y indicated the enhancement on the 

e1ectronic DOS that consists quantitative1y with 

the resu1ts from ESR. This enhancement is due 

to a fact of doping the boron to the tube wa11. 

Fig. 1. Surfaces of the pellet-fonned 
B-M¥¥明Tassembli巴s. BONT corresponds 
un-doped 恥1WNTs and B5NT means 
MWNTs from 5 % ofB-containing C rod. 
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Fig. 2. Temperature and boron concentration dependences 
of the elec仕icalresistivity. Mechanism for the electrical 
conduction is represented by the Mott's 3D-VRH. 

[1] S. Nurnao， S. Bandow， S. Iijirna， J. Phys. Chem. C 111，4543 (2007). 
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Electronic Structure of Boron-doped Carbon N anotube 

o Takashi Koretsune and Susumu Saito 

Dψαrtment of Physics，おかoInstitute ofTechnology 
2-12-1 Ookayamα， Meguro-ku，おか0152-8551

Since the discovery of the superconductivity in boron-doped diamond [1]， the carrier 

doping， especially boron doping in carbon materials attracts much attentions. For the carbon 

nanotubes， however， the effect of boron doping as well as the possibility of the 

superconductivity [2勾]have not been well unde白r叫oodyet. Thus， we study the boron-doped 

single-walled zig-zag carbon nanotube using density functional theory to explore the basic 

properties ofboron doped nanotubes. 

We first discuss the result of the structure optimization and the total energy. Since boron 

atom has larger atomic radius than carbon atom， a boron atom in the optimized structure 

locates slightly outside of the original carbon nanotube. It is found that narrower tube needs 

lower energy cost to exchange a carbon atom to a boron atom. We also discuss the doping rate 

dependences ofband structure and the density of states. 

For the (10，0) nanotube， which has a moderate band 

gap， the result indicates that boron doping can be 

understood as a hole doping in the rigid band picture. 

Doping rate within our calculation (0.8at%) is too large 

to achieve the high density of states using the van 

Hove singularity at the edge of the one-dimensional 

band. We speculate that the low boron concentration is 

sufficient to realize the superconductivity in 

boron-doped nanotube， which is in sharp contrast to the 

boron-doped diamond. 

References: 
[1] E.A. Ekimov et al.， Nature 428542 (2004). 
[2] 1. Takesue et al.， Phys. Rev. Leは.96057001(2006). 
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Fig 1. Optimized structure of 
boron-doped (10，0) carbon nanotube. 
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Chirality dependence and excitonic effect of 

optical transition of single wall carbon nanotubes 

o Kentaro Sato 1， Riichiro Saito 1， Jie Jiang2， Gene Dresselhaus3
ラ
MildredS. Dresselhaus

4 

lDepartment of Physics， Tohoku Univ.αnd CREST JST， Sendai， 980側8578，Japan 
32D〈PGrtmmtQfphysics，lVC StGte Univ・，Rαleigh，NC 27695・7518，USA 
Francis Bitter Magnet Laboratory， Mαssachusetts Institute ofTechnology， 

Cambridge， MA 02139-4307， USA 
4Department of Physics， Massachusetts Institute ofTechnology， 

Cambridge， MA 02139-4307， USA 

Since the exciton binding energy of single wall carbon nanotubes (SWNTs) is large 
(0.3-0.5 e V)， the exciton exists in the room temperature. Thus we should consider the 
excitonic effect for optical transitions. The exciton energy is a sum of the single particle 

energy and many body energy (r-Ebd)， where r is the self energy， and Ebd is the binding 
energy [1]. In the case of E11

S and E22
S optical transitions， the chirality dependence of the 

exciton binding energy is almost cancelled by that of the self energy. Thus the origin of the 
family pattern for Ell

s 
and E22S optical transitions come from the chirality dependence ofthe 

single particle energy [1]. 

Recently， some experiments show that the diameter dependence of E33
S and E44S is 

different from that of Ell
s 
and E22S [2， 3]. The chirality dependence of the excitonic effect 

becomes important [2]. We calculate exciton energy， self energy and binding energy of optical 
transitions (E11 Sラ E22

S，EIIM， E33
S， E4l， EI1M， Esss， E66

S， E33M) of SWNTs by solving the 
Bethe-Salpeter equation within an extended tight binding method. We show that the chirality 

dependence of the excitonic effect becomes important when we consider the origin of the 
family pattern of E33

s and E44
S optical transitions. Since the self energy becomes larger than 

the exciton binding energy for E33S and E44S
ラ
thechirality dependence ofthe binding energy is 

not canceled by that of the self energy. Thus the chirality dependence of the excitonic e旺ect
becomes important for the origin of the family pattern of E33 S and E44 S optical transitions [4]. 

References: 

[1] J. Jiang et al.， Phys. Rev. B 75， 035407 (2007)盆
[2] P. T. Araujo et al.， Phys. Rev. Lett. 98，067401 (2007). 
[3] T. Michel et al.， Phys. Rev. B 75， 155432 (2007). 
[4] K. Sato et al.， Vibrational Spectroscopy， in press (2007). 

Corresponding Author: Kentaro Sato 

E-mail: Keillaro(a?flex.phvs. tohoku.ac. iQ， Tel: +81-22幽795-6445
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Band-Gap Tuning of an Individual Single-Walled Carbon Nanotube 

with U niaxial Strain 

Hideyuki Maki 1， Tetsuya Sato1， and Koji Ishibashi2 

lDepartment of Applied Physics and Physico-Informatics， Faculty ofScience and Technology， 

Keio University， Hiyoshi，ゐkohama223-8522， ~αpαn 
~ Advanced Device Lαboratory， The Institute of Physical and Chemical ResearchぽIKEN)，

Wako， 8αitama 351-0198， Japan 

The emission energy obtained from photoluminescence 
(PL) and electrical1y induced optical emission is determined by 
the band gap that depends on the chirality of SWNT. However， 
it was theoretically reported that the band gap is varied by the 
strain of SWNT and the change of the band gap depends on 
their chirality and deformation mode.1 In our studyラ wehave 
fabricated the new devices for applying strain to the individual 

suspended SWNTs. Using this deviceラ theemlsslOn energy 
shift due to the band gap change caused by the elastic strain is 
observed from the PL measurement for the individual SWNT. L-shaped fittings 
Figure 1(a) shows schematic pictures of a device for Fig. 1. Schematic top view and 

ss-section of the fabricated applying stretch to the suspended SWNTs. Suspended SWNTs ~:~~:-: 
device for applying strain to the 

were formed over the crack of the substrate. One side of the ;~~~~~d~-cÎ SWNÎ~~ 
crack is opened; therefore， extension can be directly applied to a) 
the suspended SWNTs by applying piezo voltage (乃iezo)to the 
piezoelectric device. This device has very small size (maximal 
length of ~ 7 mm); hence it is easy to insert this device into 
various experimental instruments. In this study， the form of 
individual SWNT under stretching was directly observed by 
SEM under applying piezo voltage. In addition， PL spectra 
企omindividual SWNTs under stretching were also measured 
using microscope objective at room tempera同rem mr. 
Figure 2a shows the 乃iezodependence of the PL spectra for 
the SWNT which have emission energy around 1.125 ev. As 
applied 乃回ois increased， the emission peak is shi自edtoward 
lower energy. Moreover， the peak goes back to the normal 
positionラwhenthe applied 乃iezois reduced to 0 V following 
application of 乃問。 39V. Figure 2b shows the 乃花zo
dependence of the emission energy. The emission energy is 
linearly shifted toward lower energy in the range from 乃1位。=
15.0 to 32.4 V (region 11). This shift can be understood by the 
band gap narrowing due to uniaxial strain. 

[1] L. Yang， J. Han， Phys. Rev. Lett.， 85，154， (2000). 
Corresponding Author: Hideyuki Maki 
E-mail: maki@appi.keio.ac.i12， Tel: +8ト45-566-1643，FAX: +81-566-1587 
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A growth model for single walled carbon nanotubes 

同柄Thynear armchair structure is so special幽

Y. Achiba 
Department of ChemÍstJヲ~ Tokyo MetropoHtan日l1V，θTSlのsTokyo 192-0397， Japan 

One of the most intriguing aspect of the growth process in the field of single walled 
carbon nanotubes (SWNTs) is represented by the question whether there is the preferential 

growth of the SWNT with a specific chiral angle or not. Actually， the results deduced by the 
recent photoluminescence experiments have strongly suggest the presence of a sort of the 

propensity in the selection of chiral angle; favorite formation of near armchair structures. On 

the other hand， the resonant Raman scattering experiments rather suggest strong preference in 

the optical processes， depending on type of the family， chiral angle， tube diameter， etc. 

With use of the laser ablation method， so far we have reported the preferential growth of (7， 

6) and (6，5) S¥¥明Tsunder the refined condition of laser ablation. Furthermore， the further 
refining the experimental condition suggested that even the preferential formation of (日)
nanotubes would be possible [1]. All these experimental results has c1ear1y shown that the 
formation ofthe SWNT family characterized by the (n-m) = 1 index is very much pronounced. 
In order to understand these experimental evidence， here in the present work， we would like 

to propose a new growth model by which the preferential growth of the SWNTs with the 

(n-m) = 1 family is safely interpreted in terms of a very simple mechanism. 

The growth model presented here is based on several assumptions such that; 1) at the ear1y 
stage of the tube growth， a fullerene cap is formed， 2) the preferential growth of SWNT with a 
specific chiral angle is controlled by the difference in the growth rate of the tubes (not the 

growth rate of the fullerene cap)， 3) major carbon source used for the tube growth is C2 
species produced on the metal catalyst. 4) a paired dangling bond (p-DB) might be kinetically 
much more stable in comparison with a single dangling bond (s-DB). 
Under such assumptionラwecan easi1y deduce an essential property of the (n-m) = 1 fami1y 
which might differentiate the one from many other (n，m) fami1y. The unique property of each 
(n，m) family should appear in the DBs， sitting on the periphery of the cap structure， which 

acts as a radical site. For example， the (n叫=0 family， so called“armchair" structure， is well 
represented by the presence of all p-DBs， while the (n-m) = n fami1y，“zigzag" structure， all 
s-DBs. As a result， these two families might have different experience during the growth 

under the assumption mentioned abov 

Corresponding Author: Yohji Achiba 

TEL: 042-667-2534， E-mail: achiba-yohji@tmu.ac.j 
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Study of Carbon Transmitting Method 
for Growth of Carbon N anotubes 

o Takeshi Hikata 1
ラ
KazuhikoHayashi 1， Tomoyuki Mizukoshe，ゐ

Yoshiaki Sakurae， Itsuo Ishigami2
ラ
TakaakiAoki3

ラ
ToshioSeki3， and Jiro Matsu0

3 

1 Sumitomo Electric !ndustries， Ltd.， Osaka 554-0024， Japan 
2Technology Reseαrch !nstitute olOsaka p，句作cture，Osaka 594-115スJαrpan

3 F aculty 01 Engineering Quantum Science and Engineering Center， Kyoto University， 
めJoto606-8501， Japan 

Carbon nanotubes (CNTs) have been expected as ideal electric wires with the excellent 
properties of low resistivity， high strength and light weight. However， it is difficult to 
fabricate the long length wires with the excellent properties because it is difficult to maintain 

the growth of CNT by covering of unnecessary harmful carbon Separator (Ag) 
formed on nano-sized metal particle catalysts in thermal CVD 
process. We propose the Carbon Transmitting Method for 
continuous growth of CNT with the concept of the separation 
between carbon source gas supply and CNT growth as shown 
in Fig.1. [1] 

The catalyst has Fe filament shape through the Ag foil as the 
separator between the carbon source gas and CNT growth site. 
The composite structure ofFe nano filaments andAg matrix 

was fabricated by deformation process of metal wire drawing 
techniques. The composite wires with diameter of 10 mm was 
cut and polished until the thickness of about 50μm to the foil 
shape. The both end ofFe filaments in the Ag foil were 
exposed with length of a few μm on Ag surface. The Fe 
filaments were tape shape with thickness of about 30nm to sub 
μm and width of about 200nm to a fewμm. 
The carbon source gas， CO was provided on one end ofFe 
filaments (side A) and Ar gas was provided on the other end of 
Fe filaments (side B) at 850 oC for 1 hour. As the result ofthe 
heat treatment， the tape shaped carbon nano filaments were 
generated on side B in Ar gas. The carbon nano filaments 
were observed by TEM as shown in Figユ Theseresu1ts 
indicate that the source carbon has been provided on the end of 
F e filaments and move to the other end， and then carbon nano 
filaments generated according to the tape shape ofthe end ofFe 
filaments. The tape shaped CNT is expected to become the 

Fe filaments Ar gas 

Fig.1 Concept of Carbon 

Transmitting Method 

bundled CNT conductors with h~gh ~ondu~tivity because ~f Fig.2 TEM photograph of tape司
low contact resistance between the f1at surface of the taped 
CNT filaments. 

Corresponding Author: Takeshi Hikata A-mai1: hikata-takeshi@sei.co.jp 
TEL: +81-6-6466--5790， FAX: +81・6・6466-6583

shaped carbon nano filaments 

[1] T.Hikata et al.， The 32nd Fullerene-Nanotubes General Symposiumラ3P-2(2007).
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Synthesis of single-wall carbon nanotubes from diesel soot 

OTakashi Uchida*， Masaru Tachibana， Kenichi Kojima 

Graduate School olIntegrated Science，ゐkohamaCity Universiが22-2，Seto， Kanazawa-ku， 
Yokohama 236-0027，11αrpan 

*Present address: NTT Basic Reseαrch Laboratories， NTT Corporation， Japan 

Single-wall carbon nanotubes (SWNTs) have been synthesized by electric arc-discharge， 
laser vaporization and chemical vapor deposition methods. Each method has its own merits 
and demerits in terms of quality， yield， growth control and cost. In electric arc-discharge and 
laser vaporization methods， graphite is generally used as a carbon source. However， few 
studies have shown the synthesis of SWNTs 企omother carbon sources， among them synthesis 
from fullerenes by a laser vaporization method [1]. Recent1y， a unique technique for 
effectively collecting diesel soot has been developed [2]. The diesel soot is the exhaust soot 
企omdiesel engines operating with light or heavy oil that causes air pollution and leads to 
global warming and adverse health effects. To prevent this pollution， diesel soot should be 
rendered harmless or collected before emission into the environment. It is desirable that the 
collected diesel soot is recycled for useful applications. In this letter， we demonstrate the 
synthesis of SWNTs 企omdiesel soot by laser vaporization. As-grown materials were 
characterized by Raman spectroscopy and transmission electron microscopy (TEM). 
Figure 1 shows the Raman spectra of a typical as-grown material synthesized from diesel 
soot by laser vaporization method taken at excitation energies of 1.96 and 2.33 eV The 
Raman spectra exhibit two strong bands at low (100 -300 cm-1) and high (1500 -1600 cmサ
企equencies，which correspond to the radial breathing modes and tangential modes (the G 
band) of SWNTs respectively. These Raman features show that SWNTs were successfully 
synthesized by laser vaporization， even from a 
diesel soot carbon source. The presence of 
SWNTs in as-grown materials is also confirmed 
by TEM images. 
These results indicate that diesel soot can be 
recycled as a carbon source for the synthesis of 
SWNTs. The collection of diesel soot for the 
synthesis of SWNTs is an example of recycling 
to benefit the environment. SWNTs produced in 
this way should provide economic benefits and 
also contribute to a cleaner environment. 
This work has been published on JJAP 45 
(2006) 8027. 

[1] T. Nishimoto， PCT Int. Appl. WO 2005049983 (2005). 
[2] Y. Zhang and S. Iijima， APL 75 (1999) 3087. 
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Are Catalyst Free SWNT Forests Free From Impurities? -Existence of 

Graphitic Carbonaceous Impurities 

。SatoshiYasuda， Tatsuki Hiraoka， Don N. Futaba， 
Motoo Yumura， Sumio Iijima， and Kenji Hata 

lReserach Center for Advanced Carbon Materials， Nationallnstitute of Advanced lndustrial 

Science and Technology μlS刀，Tsukuba， 305耐 857丘Japan

The “Super-growth" CVD technique has enabled synthesis of millimeter-long， vertically 
aligned and catalyst free S\\尽~Ts forest by adding a small and controlled level of water into 
the growth environment [1，2]. Super-growth is a promising approach for the mass production 
of SWNTs， and might open the door for the scientific and industrial application of SWNTs， 
such as electrical devices， nano酒reactors，and especially， super capacitors for compact 
energy-storage devices [3]. Although the carbon purity of SWNT s synthesized by 
super-growth technique reaches more than 99.98%[1]， this resu1t does not exclude the 
possibility of carbonaceous impurities in forms different 企omnanotubes existing in the 
synthesized material. From a practical point， it is important to estimate the carbonaceous 
impurities in the forests and study their influence on physical and chemical properties. With 
this in view， we investigated the amount and characteristics of carbon impurity in SWNTs 
synthesized by super-growth CVD. TEM measurement shows that the nanotubes at 5 mins 
growth time are clean SWNTs free from carbonaceous and metal catalysts (Figure l(a)). 
However， we found a large amount of carbonaceous impurities on SWNTs synthesized at 90 
mins growth time. We interpret this carbonaceous impurities are due to expose of the SWNT 
forests to the carbon source gas for a long time (Figure l(b)). The adhesion rate and 

characteristics of the carbon impurity will be discussed in the conference. 

Figure 1 TEM images of (a) S¥¥明Tsat 5 mins and (b) 90 mins growth times， respectively. 

[1] K. Hata， D. N. Futaba， K. Mizuno， T. Namai， M. Yumura， and S. Iijima， Scinece 2004，306， 1362. 
[2] D. N. Futaba， K. Hata， T. Yamada， K. Mizuno， M. Yumura， and S. Iijima Phys. Rev. Lett. 2005，95，056104 
[3] D. N. Futaba， K. Hata， T. Yamada， T. Hiraoka， Y. Hayamizu， Y. Kakudate， O. Tanaike， H. Hatori， M. Yumura， 
and S. Iijima Nature Material 2006， 5， 987 
Correspondi時 Author:Kenji Hata 
TEL: 十81-29・861・4656，FAX: ート81-29・861・4851，E-mail: kenji・hata@aist.go.jp
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Combinatorial Control of Catalyst 

for Basics and Applications of Carbon Nanotube Growth 

oSuguru Noda1， Hisashi Sugime1， Kei Hasegawa1， Kazunori Kakehi1， 
Shigeo Maruyama2 and Yukio Yamaguchi

1 

1 Dept. of Chemical砂'stemEngineering， The UniversiかofToわ叫 Tokyo113-8656， Japan 
L Dept. of Mechanical Engineering， The University ofToわ叫 To付0113-865丘Japan

Control of catalyst nanopartic1es is a key for further progress in both SWNT production 
and understanding of its growth mechanism. We have developed "combinatorial masked 
deposition (CMD)" method [1]， in which a series of catalyst nanopartic1es are formed on a 
substrate from a catalyst gradient thickness profile preformed by sputtering through a physical 
filter. We have applied this CMD to alcohol catalytic CVD (ACCVD) [2] and realized SWNT 

films by Co/Si02 [3] and Ni/Si02 [4]， and VA-SWNTs by Co-Mo/Si02 [5]. 
This time we studied ACCVD in detai1. Co/Si02 grew SWNTs and孔1WNTsefficiently 

at Co thickness of 0.1-0.2 nm and 1-2 nm at 973 K， respectivelyラandhardly grew nanotubes 
in between. Co-Mo/Si02 yielded VA-SWNTs under several conditions， including Co品10
atomic ratio of(i) 112 reported for CO disproportion [6] and (ii) 1.6/1 for ACCVD [7] (Fig. 1). 
We also found the third region with pure Co (iii) highly efficient under 4 kPa C2HsOH， 
yielding VA-SWNTs with a bimodal diameter distribution. Catalyst layers of different 
thickness yield different particles， which are catalytically active for different conditions. 
We also applied CMD to "supergrowth [8]" and reproduced it [9]. Figure 2 shows a 

millimeter-thick forest grown in 10 min by 0.2-3-nm-thick Fe on AhOx/Si02・ThinFe (~ 0.5 
nm) yielded SWNTs under a limited condition， and thicker Fe yielded thicker nanotubes 
under wider conditions. CMD enabled efficient optimization because CVD condition can be 
a司justedto lead the threshold Fe thickness for VA-CNTs smaller. Aluminum oxide， which is a 
well-known catalyst in hydrocarbon reforming， had an essential role in enhancing the 
nanotube growth by dissociating carbon species and supplying them to Fe nanoparticles. 
S'-'乃.JTgrowth at a low areal density is important as well. The as-grown network of 

thick bundles resulted from sparse， long SWNTs (Fig. 3a) by ACCVD showed a transparent 
conducting property much better than that of thin bundles from short， dense SWNTs (Fig. 3b). 
In summary， there remains abundant potential in catalytic growth of nanotubes and 

CMD is effective in both understanding and developing supported catalysts. 

80 % 

60 % 

Mo [atom/nm守
Fig. 1. Co-Mo activity map. Fig. 3. Transparent conducting films of as-grown S'-'明Ts.

[1] S. Noda， et al.， Appl. SuがSci.，225ラ372(2004). [2] S. Maruyama， et al.， Chem. Phys. Lett.， 360， 229 (2002). [3] S. Noda， 
et al.ラ Appl.Phys. Lett.， 86，173106 (2005). [4] K. Kakehi， et al.， Chem. Phys. Lett.， 428，381 (2006). [5] S. Noda， et al.， 
Carbon， 44， 1414 (2006). [6] J.E. Herrera， et al.， J Catal.， 204， 129 (2001). [7] Y. Murakami， et al.， Chem. Phys. Lett.， 385， 
298 (2004). [8] K. Hata， et al.， Science， 306， 1362 (2004). [9] S. Noda， et al.，やn.J Appl. Phys.， 46， L399 (2007). 
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In-situ Raman observation of single-wall carbon nanotube growth by CVD 

using Co-filled apoferritin catalyst 

o Takashi U chida 1へMasayaTazawa 
1
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へ
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lNTT Basic Research Laboratories， NTT Corporation， Atsugi 243-0198， Japan 
'"CREST/JST， Japan Science and Technology Corporation 

3 Department of Physics，おかoUniversiかofScience， Shinjuku，おか0162-8601，Japan 
年Departmentof Physics， Meiji UniversiかjKawωαki 214-8571， Japan 

Clariちring the growth mechanism of single-wall carbon nanotubes (SWNTs) is 
indispensable for the control of SWNT growth. In-situ observation by scanning electron 
microscopy and Raman spectroscopy is very useful for investigating the growth mechanism 
of SWNTs [1ラ2].In these previous studiesラ thechiralities of growing SWNTs were not 

specified. We have succeeded in observing the diameter-dependent growth behavior through 
the observation of chirality-sensitive RBM signals in in-situ Raman spectra using Co thin film 
catalyst [3]. However， the correlation between the growth behavior and the CVD conditions 
has not been clarified because the size of the catalyst particle formed from thin film also 

depends on the CVD conditions. Metal nanoparticle catalysts， such as Co-filled apoferritins 
(Co-ferritin) [4]， are useful for investigating the initial growth stage of SWNTs because their 
diameter remains fixed regardless of the CVD conditions. In this report， we report on in-situ 
Raman observation during CVD growth of SWNTs using Co-ferritin as a catalyst. 
In-situ Raman spectra were obtained with a micro-Raman system (633-nm excitation 

wavelength; 2-μm laser spot) combined with an ethanol-CVD system. 
Figure 1 shows a series of typical RBMs in the in-situ Raman spectra observed during 
CVD growth. The growth tempera加rewas 720 oC and the ethanol gas pressure was 0.8 Torr. 

Each spectrum was integrated for 30 s. It is clearly observed that the RBM intensities around 
130 -215 cm-1 increase with increasing growth time. In particular， the increase in the RBM 
intensities at around 130 cm田1and 215 cm-1 is delayed compared to those at 160 -190 cm-1. 

Furthermore， the RBM at 250 cm-1 appeared at the growth time ofabout 1600 s. These results 
indicate that the incubation time of SWNT 
growth depends on the chirali早 In-situ 会 |λ白 C. 印 nm
Raman observation of CVD growth using ''8 
Co-ferritin catalyst enables us to analyze the 二
details of the kinetics of SWNT growth d 
under various CVD conditions. 

This work was partly supported by JSPS 
Grant-in-Aid for Scientific Research (B). 

[1] Y. Homma et al.， APL 88 (2006) 023115. 

[2] S. Chiashi et al.， CPL 386 (2004) 89. 

[3] M. Tazawa et al.， 32th F&NT Genera1 Symposium 
2007，2P-3. 

[4] G. -H. Jeong et al.， JACS 127 (2005) 8328. 
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Fig. 1. Typical RBMs in the in-situ Raman 

spectra observed during CVD growth. 
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Size control of catalyst nanoparticles for carbon nanotube growth 

by gas-phase catalytic chemical vapor deposition 

oK. Ohara1， Y. Ne02， H. Mimura2， Y. Inoue3 andA. Ishida3 

1 Grad. Schl. of Electron. Sci. and Technolリ ShizuokaUniversi砂，
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2Research Institute of Electronics， Shizuoka Unかersiか;Hamamatsu 432-8011， Japan 
3Dψt. of Electrical and Electronic Eng.， Shizuoka UniversiかjHamamatsu 432即8561，Japan 

Diameter control of carbon nanotubes (CNTs)， inc1uding single wal1 carbon nanotubes 
(SWCNTs) and multi wall carbon nanotubes (MWCNTs)， is very important， because the 
characteristics of CNT change with the diameter. Since CNT structures are strongly related to 

catalyst nanoparticles， control of the size and density is very important issue. To control the 
size of catalyst nanoparticles， we performed gas-phase catalytic chemical vapor deposition 
(CVD) in which carbonyl iron used for the catalyst precursor. Until now， this method has 
been reported by many researchers for the purpose of high mass production [1，2]. In these 
reports， CNTs were grown by the floating growth. In this study， we are focusing on the 
detailed control of the nanopartic1es size on the substrate by employing the gas-phase 
catalyst. 
To form nanopartic1es， organic Fe complex gas was used as a precursor. Size and density 
ofnanopartic1es can be controlled by varying the molar flow rate， decomposition temperature 
and flow time. The substrates were quartz and Si. The nanopartic1es were formed at a 
substrate temperature of 600 oc. Fol1owing the formation of nanopartic1es， CNTs were 
successively grown by thermal CVD at 800 oc. Acetylene was used as a carbon source. 

Figure l(a) and (b) show AF孔1images of Fe nanopartic1es under pressures of 1 and 2 Torr， 
and at flow rate of 4.4 and 2.9μmoVmin， respectively. The average partic1e size increases 
with the pressure and carbonyl iron flow rate. Figure 2 shows the SEM image of CNTs. The 
CNTs were vertically aligned to the substrate. The size control of catalyst nanopartic1es and 
resulting CNT growth wil1 be presented. 

[1] P. Nikolaev， M. J. Bronikowski， R. K. Bradley， F. Rohmnd， D. T. Colbert， K.A. Smith， R. E. Smalley: 

Chemical Phys. Lett. 313 (1999) 91-97 

[2] H.M. Cheng， F. Li， X. Sun， S.D.M. Brown， M.A. Pimenta， A. Marucci， G Dresslhaus， M.S. Dresselhaus: 
Chemical Phys. Lett. 289( 1998) 602-610 

Corresponding Author:Kenji Ohぽa

TEL:十8ト53-478-1319FAX:+81-53-478-1321 e幽mail:k_ohara@nvrc.rie.shizuoka.ac.j

Fig.l AFM images ofFe nanoparticles 
(a):2Torぇ4.4μrnol/rninand (b):1 Torr， 2.9μmol/rnin Fig.2 SEM image of CNTs 
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Low-temperature growth of double and single-walled carbon nanotubes on 
a substrate using catalyst nanoparticles size-classified with an impactor 

。DaiyuKondo1，2ぺShintaroSato1，2へYoshitakaYamaguchi2， Taisuke Iwai1ムヘYujiAwano1，2，3 

lpujitsu Limited， 2Nanotechnology Research Center， F;ザitsuLaboratories Ltd.， 3CREST/JST 

Due to their peculiar electrical properties， double and single-walled carbon nanotubes 
(DWNTs and SWNTs) have been attracting a great deal of interest as a candidate for白ture
electronic devices. Applying them to electronic devices such as high仕equencytransistors， it 
is important to control the chira1ity of DWNTs and SWNTs which determines their electrical 
properties. The diameter-controlled growth of DWNTs and SWNTs is the first step to such 
control. Howeverラitis difficult to control their diameters using conventional metal films as a 
catalystラ becausecatalyst particles formed by annealing metal films have a wide diameter 
distribution in general. To overcome this problem， size-classified catalyst nanoparticles with a 
newly-designed impactor [1] were used. This classification method leads to a higher yield of 
metal catalyst nanoparticles with diameters smaller than 2 nm on a desired substrate in 
comparison with a method using a differential mobi1ity analyzer [2]. 
Growth of DWNTs and SWNTs was performed using size-classified iron 

nanoparticles as a catalyst by hot-filament chemical vapor deposition (CVD). The iron 
nanoparticles of diameters of 1.1， 1.8 and 2.1 nm (standard deviation: ~54%ラ 31% and 34%) 
were obtained by a dry process including size-classification with an impactor. The particles 
were then deposited on a silicon oxide substrate. As the carbon source， a mixture of acetylene 
and argon gases was introduced into a CVD chamber， in which the substrate was placed. 
Hydrogen was also added during the growth and the substrate temperature was 590oC. After 
the CVD process， carbon nanotubes (CNTs) grown 
uniformly all over the substrate were observed using 
scanning electron microscopy. From the Raman 
spectroscopy and transmission electron microscopy， it 
was found that high叫ualityDWNTs and SWNTs 
were grown from iron nanoparticles with a diameter主
of 2.1 nm， and high-quality SWNTs grown企oms
those with a diameter below 1.8 nm. The radial;5 
breathing modes in the Raman spectra (figure 1) show 
that SWNTs from nanoparticles below 1.8 nm have a 
narrower diameter distribution centering around 1.3 
nm than those metal catalyst films (not shown). 
Furthermore， DWNTs 企om2.1-nm nanoparticles are 
found to have smaller diameter than those from metal 
catalyst films [3]. 

References: [1]Y. Awano et al.， phys. stat. sol. (a) 203 (2006) 
3611. [2]S. Sato et al.， Chem. Phys. Lett. 382 (2003) 361. [3]D. 
Kondo et al.， 2nd Korea-Japan sympoium on Carbon Nanotube， 
lP-06 (2005). 
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Figure 1 Raman spectra of 

SWNTs and DWNTs grown from 

nanoparticles with diameters of 

(a) l.1 nm， (b) l.8 nm and (c) 

2.1nm. 
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Observation of catalyst in a CVD growth process 

of single-walled carbon nanotubes on Si02 

OToshiya Murakami¥Yuki HasebeI， Kenji Kisoda2， Koji Nishio1， 
Toshiyuki Isshiki1 and Hiroshi Harima1 

lDepαrtment 0] Electronics， Kyoto lnstitute 0] Technology， Kyoto 606-8585， J，α!pan 

2 Physics Department， Wakαyαma University， Wakayαma 640-8510， Japan 

Clarifying the growth mechanism of single-walled carbon nanotube (SWNT) is a key step 
for its future chirality-controlled growth. Rich information may be obtained by observing the 
correspondence between the SWNT characteristics and the growth parameters such as the 
carbon source， the catalyst species and the supporting material. By transmission electron 
microscopy (TEM)， we carefully observed morphology of catalyst partic1es and SWNT 
simultaneously in the as-grown state， and considered how the catalyst formed a compound or 

aggregated in the growth process， and affected the growth of SWNT. 
SWNTs were grown by chemical vapor deposition (CVD) at 800

0

C using ethanol as the 
carbon source and Co or Fe as the catalyst. To support the catalyst， amorphous Si02 powder 
or a Si02 plate thinned to less than 50 nm for TEM observation was employed. First， 
catalyst-related products after the growth process were analyzed by X-ray diffraction (XRD). 
As shown in Fig.l for Co (upper) and Fe (lower)， s-Co and Fe2Si04 were mainly formed， 
respectively. Raman scattering and TEM observation showed that SWNT grew efficiently 
from Co catalyst， but not from Fe. It means that formation of iron silicate during the growth 
process deprived iron of the catalytic activity. 

Figure 2 shows the change of TEM image of a 
Si02 substrate; loaded with Co catalyst before 
growth (a) and after growth (b). When the growth 

started， reaction of ethanol vapor with the catalyst 
promoted aggregation of Co to nm嶋sizedpartic1es. 
We found furthermore that large partic1es with size 
> ，.，.，6 nm showed no catalytic activity， while smaller 
partic1es with diameter < ，.，.，3 nm grew SWNT with 
almost the same tube diameter. 

20 30 40 50 60 70 80 
28 (deg.) 

Fig. 1 XRD pattern of the samples 

after the growth process 

Fig. 2 TEM images of Si02 substrate 

before (a) and after growth (b). 

Corresponding Author: T. Murakami， TEL: +81-75・724“7417.E-mail:d5830004@己du.kit.ac.jp
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Crystal Structures of (M2C2⑧CS2)(C6HsCH3) and (M2C2⑧CS2)(C6HsCH3)2 

o Eij i Nishibori 1， _Masayuki Ishihara 1， Ikuya Terauchi 1， Shinobu Aoyagi 1， Makoto Sakata 1， 
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Metal-carbide endohedral-rnetallofullerenes have attracted interests due to their unique 

structures and characteristic properties. The rnetallofullerene rnolecules are crystal1ized with 

several kinds of solvent rnolecule such as toluene and carbon disulfide. Previously， we have 

deterrnined the crystal structures of (M2C2@C82)(C6HsCH3) (M=Sc[1]，Y[2]) by synchrotron 

radiation (SR) powder diffraction. The ratio between fullerene and toluene rnolecules in the 

CIγstal so far deterrnined was 1: 1. Recently， we rnanaged to crystallize the powder specirnen 

of (M2C2@C82)(C6HsCH3h which has different ratio of fullerene and solvent toluene 

rnolecules， that is 1 :2. In this presentation， we report a structural ana1ysis of the 

(M2C2@C82)(C6HsCH3)2 (M=Sc， Er， Lu) deterrnined frorn the powder specirnen. 

The SR X-ray powder pattems of (M2C2@C82)(C6HsCH3)2 (M=Sc， Er， Lu) were 

collected by Large Debye-Scheerer Carnera installed at SPring-8 BL02B2. The powder 

pattems of (M2C2@C82)(C6HsCH3) (M=Sc， Er， Lu) were also collected for the references. The 

obtained data were analyzed by the MEM/Rietveld analysis. 

It is found that the M2C2@C82 rnolecules forrn two-dirnensional layer in the 

(M2C2@C82)(C6HsCH3)2 crystal. The toluene rnolecules also show 1ayer structure between the 

fullerene layers. It is also found that the rnolecular arrangernent of rnetal-carbide 

rnetallofullerene in (M2C2@C82)(C6HsCH3h is different frorn that in (M2C2@C82)(C6HsCHU 

[1] Nishibori， E.， Ishihara， M.， Takata， M.， SakataラM.，Ito， Y.， Inoue， T.， Shinohara， H.， Chem. Phys. Lett. 433 

(2006) 120-124. 
[2] Nishibori， E.， Narioka， S.， Takata， M.， Sakata， M.， Inoue， T.， Shinohara， H.ラ ChemPhysChem，7(2006) 

345-348. 
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Enhanced 1.5μm Fluorescence from Erbium-Carbide Metallofullerenes 
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Recently， we found that (Er2C2)@C82(II1)ラ andi-Er-metal-carbide fullerene， exhibits an 
enhanced near infrared (IR) f1uorescence which is the strongest 1R f1uorescence among the 
several isomers of Er2@C82 and (Er2C2)@C82[1]. The present optical study indicates that出e
encapsulated C2 molecule does not contribute to the五ftransition of the encapsulated Er~十.
The insertion of the C2 molecule into the C82 cage， however， induces an enlargement of the 
HOMO-LU孔10gap of the C82 cage. By comparing the HOMO-LU孔10energy gap of C82 
cage and the excited (4115/2 - 4113/2) electronic state gap of Er

3
+， the mechanism of 

intra-fullerene energy transfer may be divided into three types， which are shown in Figure 1. 
The energy仕ansferfrom the LUMO of the C82 cage to 411312 level in encapsulated Er

3十
lS

the most efficient process (Type 1). The energy仕ansfer企omthe C82 cage to Er
J
+ and the 

relaxation to the HOMO of C82 may occur simultaneously (Type 2)， which induces the 
reduction of the efficiency of energy transfer f企旨I'omthe C8幻2cage tωo Er3+ 

HOMO s叫ta剖te凶sof the C8幻2cage may rapidly decay nonrad出Ia瓜ti竹velytωo the LUMO state without 

the energy t仕r悶ansfertωo Er3
十

(Type3). 

1n any of these f1uorescence mechanisms， the HOMO-LUMO gap of the C82 cage plays a 
crucial in inducing the 1R f1uorescence of Er-dimetallofullerenes. 1f the HOMO-LUMO gap 
can be varied by reduction/oxidation or chemical derivatization， the corresponding 1R 
f1uorescence can be obtained even from mono-Er-metallo 
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Figure l. Schematic Energy Diagrams for the observed IR fluorescence ofEr-dimetallo白llerenes.Type 1，2，3 

may be applied to (Er2C2)@CdIII)， Er2@CdI， I1I) and (Er2C2)@CdI)， Er2@CdIl) and (Er2C2)@CdII) 
cases， respectively. 
References 

[1] Y Ito et al.， 3rt Fullerene-Nanotube General Symposium， 2P-15 (2006). 
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Titan Satellite Would Be a Carbon-Cluster Factory in Space 

-From Explosive-Reaction Experiment -

o Tetsu Mieno1， Sunao Hasegawa2 

2l D々pt，Physics， Shizuoka University. Ooya， Suruga-ku Shizuoka-shi 422-8529， Japan 
Inst. Space & Astronautical Science， JAXA， Sagamihara-shi， Kanagawa， 229・8510，Japan 

Huge amount of carbon atoms have been produced in fixed stars and they are diffusing 
into cosmic space. From the successful exploration of Cassini mission to Titan satel1ite by 
NASA， we could recognize huge methane-seas on the surface of Titan. [1] From these 
pioneer explorations， we expect that Titan is a carbonゅclusterfactory in space. As the 
surface temperature of Titan is low， coming methane molecules are stored as liquid or solid in 
nitrogen atmosphere. As there were large number of collisions by space asteroids and debris， 
explosive reactions by these collisions have been naturally carried out on Titan， which would 
make many kinds of carbon clusters and hydro-carbon molecules. Main parts of these 
products are stored on the Titan's surface， and a part was flown off into space (inter-stellar 
region) and diffused to another stars. Therefore， we expect that many kinds of carbon 
clusters are stored in Titaぜsmethane seas. 
ln order to simulate this collisional explosion-reaction， a 2-stage light-gas gun and a rail 
gun set in ISAS/JAXA are used. ln the gas-gun experimentラastainless欄steelball (3 mmρ) 
is accelerated in a metal tube to 3.7 km/s and it hits a surface of a metal substrate， which 
makes large explosion and the surface materials are blown off. When the ball hits on liquid 
propanol in 1 atm of He gasラitblows off the liquid. After this explosion， produced carbon 
soot is carefully collected and analyzed by a laser-desorption TOF mass樹analyzer. Figure 1 
shows a obtained mass spectrum of this soot. We can clearly confrrm that higher-fullerenes 
are produced by this reaction. When we use a rail-gun， and a poly-carbonate projectile is 
accelerated by electro-magnetic force to about 6 km/s， which hits a surface of a stainless steel 
target. A large explosion takes place and a big crater is formed. From this reaction we 
could find production of fullerenes， [2] carbon capsules and balloon-like carbons. 
From the simulation experiment， we can expect that many kinds of carbon c1usters were 
produced and stored on the surface of 
Titan satellite. 
[1] See a hornepage of “NASA Cassini 
rnission". [2] T. Mieno， A. Yarnori， Jpn， 1. 
A附町s.45 (2006)日 8 i 
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Fig. 2. The ISAS gas-gun. 
F ig. 1. A mass spectrum of the soot by a LD四TOF-MS.
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Hybrids in Polar Solvent 
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In order to spread the utilization of SWNTs， we 

have studied the light-induced processes. Here， SWNTs 

noncovalently functionalized using alkyl 

ammonium functionalized pyrene (PyrNH3 +) to form 

S¥¥弓-.J'T/PyrNH3+，to which crown-C60 was added to 

yield SWNT/Pyr-NH3+/crown-C60 (See right Scheme). 

The nanohybrids were characterized by HR-TE孔1，

UV-visible-near IR and electrochemical methods. Free 

energy calculations suggested charge-separation 企om

SWNTs to the singlet excited C60 eC60*) in the 
SWNT/Pyr-NH//crown-C60 in polar solvents. The 

f1uorescence studies revealed efficient quenching of 
lC60* in the nanohybrids. Nanosecond transient 
absorption studies confirmed charge-separation 

mechanism， in which C60 anion radical was spectrally 

characterized at 1000 nm (see right figure). The rates 

of charge separation， kcs and charge recombination， kCR 
were found to be 3.5 x 109 S-l and 1.0 x 107 S-l， 

respectively， in DMF. The calculated lifetime of the 
radical ion-pair was found to be over 100 ns suggesting 

charge stabilization in this novel supramolecular 

nanohybrids. The generated radical iorトpairof the 

nanohybrids was further utilized to pump up an excess 

electron on C60 to hexyl-viologen dication (HV2+) in the 

presence of appropriate a hole shifting reagent in solution. 

Accumulation of the radical cation of HV2+ at 610 nm as an 

evidence of electron pooling was observed (see right figure)， 

which confirms the photoinduced charge-separationラ

suggesting utilizations of SWNTlPyr-NH3 +/crown-C60 in light 

energy harvesting applications. 

were 

800 1200 
W avelengih /nm 

[1] ChittaラR.;Sandanayaka， A. S. D.; Schumacher， A. L.; D'Souza， L.; 

Araki， Y.; Ito， 0.; D'Souza， F. J. Phys. Chem. C 2007，111，6947-6955. 
Corresponding Author: Osamu Ito 
TEL(& FAX)・十81-22幽376・5970，E-mail: ito@tagen.tohoku.ac.j 
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Optical Enrichment of SWNTs 

oXiaobin peng13ラNaokiKomatsu1， Takahide Kimura1， andAtsuhiro Osuka3 

lD々partmentof Chemistりl，Shiga University of Medical Science， Seta， Otsu 520-2192， Japan， 

2lnternationallnnovation Center， めotoUniversity， Nishikyo-ku， Kyoto 615-8520， Japan， 

3 Department of Chemistηl， Graduate School of Science，めotoUniversiのうおかo-ku，めoto

606-8502， Japαn 

At the last two conferences， we reported the optically 

active SWNTs obtained through the preferential extraction 

of the left-町 orright-handed structure of SWNTs with chiral 

diporphyrin nano-tweezers (Fig. 1)， and the enhanced ability 

of the tweezers for extracting and discriminating SWNTs by 

changing the spacer unit from benzene (1) to pyridine (2) 

[1]. Herein， chira1 diporphyrins linked with carbazole (3) 

and dibenzothiophene (4) are newly designed， synthesized 

and examined for optical enrichment of SWNTs. 

After the porphyrin nano-tweezers was removed completely from the porphyrin-SWNTs 

complexes， pairs of symmetrica1 CD spectra were obtained from the D20/SDBS solutions of 

the SWNTs extracted with (R)-and (め-3(Fig. 2b)， and (R)-and (S)-4 as in the case of those 

with 1 and 2 (Fig. 2a). The CD intensity of (7，5) SWNTs is largest in the spectra of SWNTs 

extracted with 3 (Fig. 2b) and 4ラ
a 

while 2 showed higher 

discriminating ability to (6，5) 

SWNTs than that to other 

chiralities of SWNTs (Fig. 2a). 

These results indicate that optical 

enrichment of the specific chiral 

SWNTs can be realized by 
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Fig. 2. CD spectra of SWNTs extracted with (R)- and 

(s)・nano-tweezers2 (a) and 3 (b). 

References: [1] X. Peng， et al， The 31 sl and 32nd Fullerene-Nanotubes Genera1 Symposium; X. Peng， N. 

Komatsu， et al，入TatureNanotechnology， advance on1ine pub1ication. 

Corresponding Author: Xiaobin Peng， 

TEL: +81-77-548-2102， FAX: +81-77-548-2354ラE-mai1:xiaobin@belle.shigかmed.ac.jp

-55-



2-6 

Transparent Carbon N anotubes for Encapsulated Dyes 
-Toward the complete separation of metallic and semiconducting SWCNTs-

OK. Yanagi， Y. Miyata， H. Kataura 

Nanotechnolgy Resωrch Institute， Nationallnsititute 01 Advanced Industrial Science and 

Technology (AIS刀

Abstract: Complete separation of metallic and semiconducting single-wall carbon nanotubes 

(SWCNTs) from their mixture is one of the most important subjects for applications of 

SWCNTs. Recently， Amold et a1.1 suggested a sorting method of SWCNTs from the mixture 
through density-gradient centrifugation. In this studyラwithadditional improvements to their 

method， a technique to obtain a large amount of SWCNTs of a single electronic type [metallic 
(or semiconducting) purity is ~99%] was developed (Fig. 1). The technique enables us to 

investigate their intrinsic properties under the cover of the mixture situation. For exampleラ

although dye molecules do exhibit remarkable photophysical properties inside SWCNTs，2 
efficient photoexcitation of the encapsulated dyes was difficult in the mixture. To overcome 
this problem， dyes encapsulated SWCNTs of a single electronic type were prepared using our 
sorting method. s-Carotene， which is a model for one dimensional 1πEト-c∞on吋1司Juga剖tedmo叶leωcu叫lle邸Sラ
e叩ncωap戸su叫la剖te吋dinto metallic or semi凶1世i比C∞onductingS羽W吃CNTs(にCa訂r@Metal川 andCa訂r@S針emlcα削I
were selectively obtained. The absorption band of encapsulated s-Carotene is located in a 
region where metallic tubes have a low extinction coefficient. This situation enables resonant 
excitation of s-Carotene at an off-resonance condition for its surrounding tubes in 

Car@Metalω・ Figure2 shows the Raman spectra of Car@Metalωand Car@Semi凶・
Compared with negligibly small Raman signals caused by SWCNTs， signals originating from 
encapsulated s-Carotene were significantly large in Car@Metalcnt， indicating the transparency 
of the surrounding tubes for encapsulated dye molecules. 
References: [1] Amo1d et al.， Nature Nano.， 1 (2006) 60， [2] Yanagi et al.， JACS， 129 (2007) 4992. 

Corresponding Author: K. Yanagi， E-mail: k-yanagi⑧aist.go.jp， Tel&Fax: 029・861・3132，029-861聞2786
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Imaging of single alkyl chains in carbon nanotubes 
by transmission electron microscopy 

OMasanori Koshino，t，2 Takatsugu Tanaka，3 Niclas Solin，3 Kazutomo Suenaga，2 
Hiroyuki Isobe，4 Eiichi Nakamura，1，3 

1 ERATO， Nakamura Functional Carbon Cluster Project， JST， 2 Research Centre for 
Advanced Carbon Materials， 1、Tationallnstituteof Advanced lndustrial Science and 
Technology (AIS刀，Higashi， Tsukuba， lbaraki 305・8565，Japan. 3Department ofChemistη， 
The University of To匂70，Hongo， Bunkyo・ku，Tokyo 113・0033，Japan. 4 Dξpartmentof 

Chemistη~ Tohoku Universi.私Aoba・ku，Sendai 980・8578Japan 

For organic compounds， the assumed high sensitivity of light elements such as 
hydrocarbons to damage by electron impact has discouraged previous exploration by 

transmission electron microscopy (TEM)[ll. We recently reported， with near-atomic resolution 
(2.4 A resolution)， the observation of a single small organic molecule either at rest or 
translating within a single-wall carbon nanotube (CNT) by TEM[2l. 

We chose， for this proof-of-principle study， molecules 1-4 with hydrocarbon chains 
covalently attached to an ortho-carborane end group (Fig.1a; C2BlOH12， ca. 0.8 nm diameter)， 
which serves as a tag for identification by its characteristic element and shape. As the 

molecular container， we chose a mixture of CNTs with diameters of 0.9 to 1.2 nm， from which 
we could combinatorially investigate size matching between the host and guest. 
Under the condition ofroom temperature TEM (120 kV) with 0.5 s electron irradiation (~ 
40，000 dnm'') imaging intervals， the alkyl chain molecules 1-4 in narrow CNTs were 
immobilized and its head/tail structure was clearly visualized (Fig.1 b-e) over several seconds 

to a minute. The measured length of alkyl chains (C12 and C22) and image contrast between 

the head and tail structures agree very well with the simulation. Electron energy loss 

spectroscopy (EELS) analysis supported the presence of carborane. 

These results highlight the unanticipated utility of TEM for single-molecule chemical 

analysis relevant to fundamental reactivity as well as to engineering applications， such as 
tribology and gas absorptionlstorage in activated carbon. The mechanism of the electron 

impact on the organic molecules in CNTs is not fully understood， but the applied method， i.e. 
isolation of molecules in inert CNT that has high thermal and electron conductivity， must 
contribute to the stability of guest molecules under the TEM observation. 

a.JJ.. 
4宍~が 1R~=C，内めH
氏子..lCf1 2 R: = C，1H25， R: = <:;'2H郡
広ト勺Ql 3:R:=C混同， R~ 包 H
込ふw...)・I.R24:R'=C旦H45，R":=匂 H特

OBH・c
Fig.1 Constitutiona1 fonnula 
(a)， and model structure， 
simulation and TEM images 
(ト巴) of molecu1es 1-4. 
Scale bar = 1nm. 

References: [1] R. F. Eg巴rton，et 35，399. [2] M. Koshino， et al.， Science 2007， 316ラ853.

Corresponding Author: M. Koshino， E-mail: m圃koshino⑧aist.go.jp
Tel&Fax: +81(0)29・861-4424，+81(0)29圃861・4415
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Fabrication of ZnPc-N anohorn-Protein N anohybrid 
for Photodynamic Therapy 

OM.Zhangl
ラ
M.Yudasaka 1，2ラK.Ajirnal， J. Miyawakil， S. 1りirnal，2，3

lsORSZJS17c/o NEC， 34MJシukigaok~ 1Sukub~Ibaraki305-8501， Japan 

2NEC， 34M!戸Ikig，αoka，1Sukuba， Ibaraki305-8501，Japan 

3 Meijo Univ. 1-501 Shiogarnaguchi， Tenpaku-ku， Nagoya 468-8502，11正7pan

Photodynarnic therapy (PDT) is an innovative treatrnent for several types of cancers and 

noncancer diseases. This therapy utilizes photosensitizing agents that absorb light and generate 

cytotoxic species. Zinc phthalocyanine (ZnPc) is a prornising PDT agent due to its strong optical 

absorption in the phototherapeutic window (600-800 nrn) and high efficiency in generating 

cytotoxic species. However， ZnPc is hydrophobic and prone to self-aggregate in aqueous 

solutions， which lirnit its delivery and photosensitizing efficiency. Thus， it rnust be adrninistered 
in vivo by rneans of delivery systern. Cornparing with other drug carriers such as liposornes， 
single-wall carbon nanohoms (SWNHs) are π-electron conjugated rnaterial， and can have 
holes on the walls by the oxidationラwhichallow ZnPc to adsorb on the SWNH-walls， and even 

enter inside SWNHs， thereby the self-aggregation is avoided. In addition， the solubility of 
SWNHs in aqueous solution can be enhanced by rnodification with BSA protein as we proved in 

the previous study [1]. Therefore， BSA rnodified SWNHs is favorable to carry ZnPc for PDT. 

For loading ZnPc， we first仕eatedSWNHs by light assisted oxidation using H202 to open 
holes and generate carboxylic groups at the holes edges. Then the SWNHs were irnrnersed in a 

ZnPc-saturated solution followed by filtration. After loading of ZnPc， the SWNHs were 

chernically rnodified with BSA via diirnide-acti、司ed arnidation. The obtained 

ZnPc-SWNH-BSA was well dispersed in phosphate bu旺eredsaline (PBS) and its hornogeneous 

dispersion state was kept for several weeks. When the rat cancer cells were incubated with the 

culture rnediurn solution containing 

ZnPc-SWNH-BSA for about 24 h， the confocal 
rnicroscopy and flow cytornetry results indicated 

that the ZnPc-sufNEt-BSA could get inside of sso 

alrnost rat cancer cells. Because of such effective b 

uptake of ZnPc-SWNH-BSA by the cellsラthelight 

irradiation (about 60 rnW/crn2， wavelength of 
600-700 nrn) for 5 rninutes rnade the cell to die 

(Fig.l). This proves 由剖 the bio-inorganic 

nanohybrid of ZnPc-SWNH-BSA is potentially 

useful in the photodynarnic therapy. 

References 
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[1] Zhang， M.; Yudasaka， M.; Ajima， K.; Iijima， S. 32 th F-NT symposium， 2・14
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Carbon N anotube Growth from Semiconductor N anoparticles 

oDaisuke Takagi1，3， Hiroki Hibin02， Satoru Suzuke，ヘ
Y oshihiro Kobayashi2， 3， Y oshikazu Homma 1，3 

21Deportment QfPhysicspToかoUniversi砂ofScience，Shinjuku， Tokyo 162-8601， Japan 
NTT Basic Research Laboratories， NTT Corporation， Atsugi， K，αnαgawa 243-0198， .fIαrpan 

3CREST， JST， Kawaguchi， Saitama 332-0012， Japan 

In this report， we show that semiconductor (SiC， Ge， and Si) nanoparic1es can produce 
carbon nanotubes (CNTs) as catalyst. 
The size of semiconductor partic1es is the key to CNT synthesis (1-5 nm). To obtain small 
crystalline semiconductor partic1esラweused the epitaxial relationship between partic1es and 
substrates. We monitored the formation process of crystalline partic1es by reflection 
high-energy electron diffraction (阻EED)in an ultrahigh vacuum (UHV) and terminated the 
formation process at the initial growth stage. SiC nanopartic1es were formed on Si(111) 
substrate， and Ge and Si nanopartic1es were formed on SiC(OOOl) substrates. CNTs were 
synthesized by alcohol chemical vapor deposition. The grown CNTs and catalyst partic1es 
were characterized by SEMラTEMラAFM，and Raman spectroscopy. 
Figure la is a RHEED pattem from SiC nanopartic1es on Si substrate. The transmission 
difi丘actionspots， one of which is denoted by an arrow， indicate that SiC(111) crystalline 
partic1es were epitaxially formed on the Si(111 )7x7 substrate. The AFM image of the surface 
in Fig. 1 b shows that the SiC nanopartic1e size is less than 5 nm. Double-and single-walled 
carbon nanotube (DWCNT and SWCNT) growth was confirmed from TEM images (Fig. lc). 
In the Raman scattering spectra (Fig. ld)， signals due to the radial breathing mode (RBM) 
indicate that metallic and semiconducting SWCNTs can be synthesized 企omsemiconductor 
SiC nanopartic1es. CNTs were also synthesized from Ge and Si crystalline nanopartic1es. 
F or the CNT synthesisラmetalpartic1es， such as iron， platinum， and gold， have been used 1. 
As an interpretation of the metal-catalyzed CNT growth mechanism， the vapor-liquid-solid 
model has been proposed. On the other hand， SiC is a high-melting-point semiconductor 
material， and we confirmed from RHEED that SiC nanopartic1es remained solid in the UHV 
even at 1000 oC， which is much higher than the CNT growth temperature (850 OC). This 
indicates that CNTs grow from the solid catalyst surface. The present results mean that CNTs 
can be synthesized from nanosize structures， regardless of species (metal or semiconductor) 
and phase (liquid or solid). The essential role of the catalyst partic1es would be the provision 
of a template for CNT cap nuc1eation. 

100 125 150 175 200 225 250 
Raman Shifts (cmぺ)

Fig.1. (a) RHEED pattem of epitaxially-grown SiC nanoparticles on Si(111)7x7. (b) AFM image of SiC 
nanoparticles. (c) TEM image of grown CNTs (inset scale bars: 5 nm). (d) Raman spectra from grown CNTs. 

[1] D. Takagi， et al.， Nano Lett.， 2006，6，2642-2645 
Corresponding Author: Daisuke Takagi 
TEL: +81-3-5228-8244， FAX +81・3・5261・1023，E-mail: daisuke⑧will.bI・l.ntt.co.jp
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Ion Mobility Measurement with a Newly Developed Pulsed Ion Valve 
OT-S11gailラH.Shinohar寸2，3

lDψαrtment of Chemistry (RCMS)， Nagoya University 
2Institute for Advαnced Research， Nagoya Universiか
3CREST， Japan Science and Technology Agency 

Ion mobility measurements on fullerenes have clarified novel carbide structures and 

formation processes[1，2]. These achievements are accomplished by the high sensitivity 

and the high measurement throughput of the method. However， the mobility or 

structural resolution and upper mass limitation prevent us to apply this method to 

fullerene isomer identification and nanotube growth observation. To overcome these 

limitations， we have developed a pulsed ion valve (PIV)， which is the key interface to 

couple a high町pressuredrift cell (DC) to a high-vacuum time of flight mass 

spectrometer (TOF). Here we present the mobility measurement with this system and 

the expected resolution to identi命白llereneisomers. 

The measurement system consists of a laser 

desorption ion source， PIVラ and TOF. The 

mobility measurements were performed with the 

air ongm ions produced by the laser. The 

ionization point was 60 mm apart from PIV where 

1 kV was applied. The ions were introduced from 

the air side into TOF through PIV only when the 

PIV opening timing was set after 1 ms of the ion 

production showing that the drift velocity is 

around 60 m/s(Fig. 1). 

The PIV worked at more than 10 atm， where we 

expect to separate CS2 isomers in 200 ms together 

with a drift cell length of 1 m and a drift voltage 

of 100 kV(Fig. 2). With this PIV， we are planning 

to explore new structures of fullerenes and to 

observe the nanotube growth processes utilizing 

this HPLC level resolution. 

References: 

[1] T. Sugai etα1.， J Am. Chem. Soc. 123， 6427 (2001). 
[2] von Helden et al.， J Chem. Phys. 95，3835 (1991). 

e-mail: sugai@nano.chem.nagoya-u.ac担tel:

+8ト52-789-2477fax:十81-52司789-1169
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HRTEM observation of an Individual C60 Fullerene Molecule and its 

Deformation Process 

OZheng Liul， Kazu Suenagal， Ales Mrzef， Hiromichi Kataura2 and Sumio Iijima1 

IResωrch Center ]or Advαnced Carbon Mαterials， Nationallnstitute 0] Advanced lndustrial 
Science and Technology (AlST)， Tsukuba， 305-8565， Japan 

2Nαnotechnology Research lnstitute， Nationallnstitute 0] Advanced lndustrial Science and 
Technology (AIST)， Tsukuba， 305-8562， JIαrpan 

The fullerene molecules (C60) with a functional group of C3NH7 (C60-C3NH7)， which 
are prepared by following the Prato reaction1， confined inside single幽wallcarbon nanotubes 
(SWNTs) have already been visualized.2 However， higher spatial resolution is definitively 
required to visualize the intramolecular structure of fullerenes. Since the resolution of TEM is 
determined by the spherical aberration coefficient (C，) of objective lens and the wave length 
(λ) of incident electron beam， the Cs must be minimized to achieve the best performance 
because the reduction of the λ(equal to elevate the accelerating voltage) causes beam damage 
to the carbon materials. A high四resolutiontransmission electron microscope (HRTEM， 
JEM“201OF) equipped with a C， corrector (CEOS)3 was operated at a moderate accelerating 
voltage (120kV). Although the point resolution of 0.14 nm was obtained， HRTEM 
simulations were necessary in order to investigate the images of fullerenes taken under 
different projections. SWNT is used as a specimen support in this experiment. We observed 
the fullerene molecules which were located on the 
surface of the SWNTs perpendicular to the incident 
electron beam (not the ones inside the SWNTs)， so 
that the carbon network of the SWNT does not 
interfere in the direct imaging of the fullerene 
intramolecular structures by HRTEM. For this 
purpose the C60 fullerenes were chemically 
functionalized with pyrrolidine1 so that the functional 
groups attached to each fullerene molecule should act 
as anchors2 and the functionalized Cωfullerenes are 
relatively stabilized on the surface of SWNT during 
the TEM observations. In this work， the 
intramolecular structure， such as pentagons and 
hexagons， of the individual C60 fullerene was 
visua1ized (shown in the figure). The deformation of 
C60 fullerene due to the electron irradiation was also 
investigated. Three CS8 molecules with C1 symmetry 
are depicted as reasonably well fitted models. 

References 
(1) Prato， M. et al.， Tetrahedron 1996，52，5221. 
(2) Liu， Z. et al.， Phys. Rev. Lett. 2006， 96，088304 
(3) Haider， M. et al.， Nature 1998， 392，768. 

Corresponding Author: Zheng Liu 
E-mail: liu同z@aist.go.jp
Tel: 029-861-2514 
Fax:029ゅ861-4806
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a-c) HRTEM images of C60-C3NH7 attached to 
the surface of SWNTs. The intra-molecular 
structures are c1early visible for巴achfullerene. 
d-f) Image simulations of C60 fullerene 
derivatives for various orientations and th巴
Corresponding atomic models (g-i). 
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Positional Control of Encapsulated Metal Atoms Inside a Fullerene Cage by 
主xohedralChemical Functionalization 

o Michio Yamada，l Chika Someya，l Takatsugu Wakahara， I Takahiro Tsuchiya，l Takeshi 
Akasaka，l Yutaka Maeda/ Kenji Yoza，3 Naomi Mizorogi，4 and Shigeru Nagase4 

lCenter for TsukubαAdvanced Research Alliance， University ofTsukuba， Tsukuba， lbaraki 

305-857スJapan2Depαrtment of Chemistη)，めかoGakugei University， Koganei，あわ10]84-
850]， Jap〆BrukerAXS K. K.， Yokohαma， Kmωgawa 221-0022， J，αpan 41 nstitute for 

Moleculαr Science， Okazaki， Aichi 444幽8585，Japan

Among many kinds of metallofullerenes，l M2@CSO has attracted special attention for the 
dynamics of the encapsulated metal atoms because of their three“dimensional random 

motion.2 Positional control of the metal atoms within a cage is expected to be very valuable in 
designing functional molecular devices with new electronic or magnetic properties. 

We successfully prepared an exohedrally silylated Ce2@CSO' Ce2@Cso(Mes2Si)2CH2' in 
which the random motion of two Ce atoms is fixed at specific positions. We also synthesized 

an exohedrally silylated La2@CSO' La2@C80(DepzSi)2CHz， in which the two La atoms hop two-
dimensionally along the equator of the cage.4 These results reveal that exohedral 
functionalization of the ful1erene surface can regulate the motion of the metal atoms 
drastically. 

It is very interesting to know what controls the dynamic behavior of the metal atoms. We 
synthesized and characterized two regioisomers of endohedral pyrrolidinodimetallofullerene， 

La2@C80(CH2)2NTrt.5 We revealed that two La atoms in 6，6-closed adduct are localized at the 

slantwise position. Meanwhile， theoretical calculation for the 5，6-closed adduct suggests that 
two La atoms can rotate rather freely. These results indicate that the motion of the metal 

atoms is controllable by addition position of the addends. 

Furthermore， we found that the selective addition of the adamantylidene carbene occurs at 
the 6，6-junction of the M2@C80 (M = La & Ce) to afford the formation of 6，6-open adduct， 
M2@Cso(Ad).6 The location of the metal atoms is regulated below the Ad group. 

From the viewpoint of designing functional molecular devices， it is important to regulate 
the metal position to the desirable one inside the cage. We expect this study enhances the 
possibilities for the application of metallofullerenes. 

Ce2@C曲(MeS2Sil2CH2 La2@Cso(DeP2Sil2CH2 6，ふLa2@CSo(CH2hNTは La2@CSo(Ad)

[1] Akasaka， T.; Nagase， S. End，ゆulerenes:A New Fami命。'1Car加 nCI削 ters;Kluwer: Dordrecht， The 

Netherlands， 2002. [2] Akasaka， T. et al. Angew. Chem.， lnt. Ed. Engl. 1997， 36， 1643. [3] Yamada， M. et al. J. 
Am. Chem. Soc. 2005， 127， 14570. [4] Wakahara， T. et al. Chem. Commun. 2007， in press. [5] Yamada， M. et al. 

J. Am. Chem. Soc. 2006， 128，1402. [6] Yamada， M， et al. submitted. 
Corresponding Author: Takeshi Akasaka， Tel&Fax: +81・29-853-6409，E-mail: akasaka@tara.tsukuba.ac.j 
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Syntheses， Structures and Optical Properties of 
Dodeca-and Trideca( organo) [60] fullerenes 

oTakeshi Fujita1， Yutaka Matsu02， Eiichi Nakamura1，2 

lDepartment ofChemistry， The University ofToわ叫 Hongo，Bunかo-ku，Toか0113-0033，
Japan 

2Nakamura Functional Cαrbon Cluster Project， ERATO， Japan Science and Technology 

Agency (JST)， Hongo， Bunkyo-ku， Tokyo 113-0033， Japan 

The detraction of the n-electron co吋ugated system for [60]fullerene by 
functionalization is a powerful method to construct new hoop-and bowl-shaped πsystems [1 ]. 

Such compounds showed unique luminescence by changing electronic structures of 

[60]fullerene[2]. Herein we report on syntheses， structural determination， and optical 
properties of dodeca-and trideca( organo)[ 60]白llerenesbearing new curvedπsystems， 

Treatment of decaadducts C6oPhlOX2 (la: X = CsHsRu; lb: X = Me) with potassium 
metal afforded dianions 2ラwhichwere trapped with an excess amount of benzyl bromide to 

give two kinds of dodecaadducts 3 and 4. The sequential nucleophilic addition reaction of 

benzylmagnesium chloride to 3 afforded tridecaadduct C6oPhlOX2(CH2Ph)3H (5). 

Unambiguous structural determination of dodeca-and tridecaadducts were achieved by X-ray 

crystallographic analysis with ruthenium complex 3a， 4a， and 5a. Dodecaadduct 3a and 4a 
has C1 and C2v symmetry. Tridecaadduct 5a has an indene part surrounded by three benzyl 

groups. Dodecaadduts 3b and 4b and tridecaadduct 5b exhibited characteristic luminescence 

for each πsystems. The colors of emission for 3b， 4b， and 5b are yellow， green， and blue， 

respectively. Note that 5b shows the highest luminescent quantum yield among all fullerene 

compounds. 

These白llerenemultiadducts having new curved n-electron conjugated systems are 

expected to be new optical materials. 

PhH2C 

3 

BnMgCI 
(20 eq) aq. HCI 

THF， rt， 
40 min 

+ 

5a: X = RuCp 59% 
5b: X = Me 20% 

4a: X = RuCp 12% 
4b: X = Me 3% 

[1] (a) E. Nakamura， K. Tahara， Y Matsuo， M. Sawamura， J Am. Chem. Soc.， 125，2834 (2003). (b) Y Matsuo， 

K. Tahara， M. Sawamura， E. Nakamura， J Am. Chem. Soc.， 126， 8725 (2004). 

[2] Y Matsuo， K. Tahara， K. Morita， K. Matsuo， E. Nakamura， Angew. Chem. lnt. Ed.， 46， 2844 (2007). 

Corresponding Author: Yutaka Matsuo and Eiichi Nakamura 
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Low-dimensional Columnar Alignment of C60 Fulleride Single Crystals 
Stabilized by Triarylmethane Dye Cations 

OHiroshi Moriyama*， Takahito Sugiura t 

Department ofChemistry， Toho University， Miyama 2-2-1， Funabashi， 274-8510 Japan 

The novel10w-dimensional nanostructural alignment of a C60 anion radical moiety was 

revealed by single crystal structure analysis of C60 fulleride sa1ts stabi1ized by 
triarylmethane dye cations formed by electrocrystallization. 
Discrete fulleride anions1) have drawn much attention， as the electron阻acceptingability 
of C60 is its most characteristic chemical property， resu1ts in intriguing physical properties， 
such as superconducting of alkali-metal doped C60 and unique ferromagnetic behavior of 

TDAE-C60・However，there has been rather a limited number of well田characterizedC60 
anion radical salts predominant1y because of their sensitivity to air. We have succeeded in 
obtaining single crystals of C60 anion radical salts stabi1ized by cationic triarylmethane 
dyes2) (Fig. 1)ラ someof which were found to give rise to an intriguing nanostructural 

columnar alignment of C60 fullerides. 
Fig 2. shows the single-crystal structure of [Crystal Violet]十C60-. C6H5Cl. The C60 
fulleride aligns with the columnar structure along the a axis (crystal growth direction)， as 
well as a zigzag structure along the b axis， with contacts of almost van der Waals 
magnitude (ca. 10 A， distance of the C60 -C60 centers)， stabilized by mutual interactions 
ofC60

・anddye， such asπ一死 face-to-face，and CHπ. SQUID measurement showed that 
some salts demonstrate antiferromagnetic interaction between the C60 fullerides， as well as 
magnetic phase transition. 
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1) C. A. Reed and R. D. Bo1skar， Chem. Rev.， 100，1075-1120 (2000). 
2) T. Sugiura， E. Osawa， and H. Moriyama， Abstracts of 30th Fullerene-Nanotubes Genera1 Symposium 
みl3(2006); H. Moriyama and T. Sugiura， New Diamond， 22， 30-31(2006). 
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C60 thin film field-effect transistor devices with gold electrodes 
modified by various types of alkanethiols 

o Yohei Ohta，a Naoko Kawasaki，a Takayuki Nagano，a Akihiko Fujiwarab and 
Y oshihiro Kubozonoa 

a) Research Laboratory for Surface Science (RLSS)， Okayama University， Okayama 700-8530， 

Japan 

b) Japan Advanced Institute for Science and Technology， Ishikawa 923・1292，Japan 

C60 thin film field-effect transistor devices are fabricated with gold (Au) source/drain electrodes 
modified with various types of トalkanethiols(CnH2n十lSH，n = 4 -18) in order to study carrier 
injection barriers at the interface between electrodes and C60 thin films. We have analyzed the drain 
current density JD vs drain-source voltage 九Scurve， which shows concave-up nonlinear behavior at 
low VDS region (Fig.l)， on the basis of a thermionic emission model for double Schottky barriers. 
From the analyses l-alkanethiols are found to form large tunneling barrier at the interface. In the 

device modified with l-hexadecanthiol (C16H33SH)， effective Schottky barrier偽effwhich consists of 
tunneling barrier and pristine Schottky barrier for the contact of Au -C60 is 0.591(2) eV in application 
of gate voltage VG = 100 V， and 85% of偽effis produced by the tunneling ba汀ier.The tunneling 
efficiency，βbetween electrodes and C60 thin films is 1.12(6) k 

1， whose value is c10se to thatラ0.87
k1，junction ofn-Si・(hexadecane)-Hg. 1) 
Above 320 Kラtheconcave-up nonlinear behavior in ID - VDS changed to normal curve (1inear and 
印刷ration)(Fig. 2) because of a large fluctuation of l-hexadecanethiol; its melting point is ~ 310 K. 
This implies a destruction oftunneling barrier at the interface. Furthermore， thickness dependences of 
photoemission spectra on the pristine Au electrodes and the modified electrodes are also studied in 
order to c1ari命electronicstructures at the interfaces. In the conference， the tunneling barriers and 
ss wi11 also be reported for the devices modified with other l-alkanethils and the alkyl-chain length 
dependence of釦effwi11 be c1ear1y shown. Part ofthis work was recently published in JPC.z 

3001 

VQ= 100 V 

喝

Fig. 1:ゐ-VDS plots for the C60 FET 
device with Au source/drain electrodes 
modified by 1・hexadecanethio1.

1) E. Faber， ChemPhysChem. 6，2153 (2005). 

Fig. 2: ID-VDS plots for the C60 FET device 
measured from 210K to 350K. 

2) T.Nagano et a1.ラJ.Phys. Chem. C 111， 7211 (2007). 
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Preparation and characterization of C60 and C70 fibrillar 

superstructures and its polymerization by y-ray irradiation 

Sudip Malik， Norifumi Fujita and Seiji Shinkai 

Department 01 Chemistry and Biochemistry， Graduate School 01 Engineering， Kyushu 
University， 744 Moto-oka， Nishi-ku， 8190395 Fukuoka， Japαn 

Fullerenes (C6o or C70) are dissolved in solid and subliamble solvents such as 
naphthalene， ferrocene and camphor， respectively. After removing these solvents by 
sublimation processラtheformation of fibrillar superstructures of fullerene has been observed 
by scanning electron microscopy (SEM) as shown in Figure 1. X-ray powder dif仕actionstudy 
and ATRJIR analysis reveal that fullerene super山 ucturespreserve fcc lattice as like in pristine 
in case of C60・NMRtogether with elemental analysis proposes the presence of significantly 
less amount of solvent in the superstructures. We have attempted to polymerize these 
superstructures by y-ray irradiation to achieve polyC6o or polyC7o that is the material 
composed only fullerenes connected by covalent bonds without any additionallinkage.[l] We 
have characterized these materials by TEM/HRTEM as well as PL studies. The approach that 
provides not only an easy， simple and efficient technique for the production of fibrous 
fullerene or polyfullerene but also to control over the morphological aspects wi1l be the 
promising pathways to prepare fullerene based material for the development of realistic 
applications. 

Figure 1: The typical SEM images of C60 superstructure after sublimation of solid 

solvents :(a) naphthalene， (b) ferrocene and (c) camphor respectively 

[1] F. Giaca10ne and N. Martin， Chem. Rev.， 106， 5136 (2006). 
Corresponding Author: Seiji Shinkai 
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Department of Chemistηl， School of Science and Engineering， Kinki University， 
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Nanotechnology Research Institute， Nationallnstitute of Advanced Industrial Science and 

Technology (AIS刀，Tsukuba 305-8562， Japan3 

Graduate School of Science，おかoMetropolitαn University， Hachioji 192-039スJαrpan4

Institute for Advanced Resωrch， Nagoya Universiか~ and CREST， Japan Science αnd 
Technology Agencyρs刀，Nagoya 464-8602， JapanJ 

The SWNT that contains C2nH2 polyynes inside has been prepared and its advantages as a 

spectroscopic tool for stabilizing the highly reactive molecules have been demonstrated. This 

work is a follow-up research of the previous publications on the demonstration for trapping 

ClOH2 polyyne inside SWNTs [1] and its thorough research on C2nH2 (n=4-6) [2]. 

In the present Raman spectra of polyynes C2nH2 (n=4-8) inside SWNTs reveals Raman 

activities of CH-stretching， CCC-bending overtones in addition to the reported strong 

activities of the CC四stretchingfundamentals and overtones. Along with the recent studies on 

normal Raman [3] and resonance Raman spectra of pristine polyynes in solution [4]， the 

mechanism of the overtone of stretching of polyyne and nanotube and other weak Raman 

modes is discussed in more detai1. 

[1] D. Nishide et al. Chem. Phys. Lett. 428，356 (2006). 

[2] D. Nishide et al. J. Phys. Chem. C 111， 5178 (2007). 

[3] H. Tabata et al. Carbon 44， 3168 (2006). 

[4] T. Wakabayashi et al. Chem. Phys. Lett. 433ラ296(2007). 
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Single electron injection into C60・encapsulatedcarbon nano・peapod
quantum dots 

J.Haruyama1，三J.Mizubayashi 1
ラ
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Y.Awan04，5 

lAoyama Gakuin University， 5-10・1Puchinobe， Sagamihara， Kanagawa 229-8558 Japan 

2National lnstitute ~μdvanced lndustrial Science and Technology， Tsukuba， 305-8565， Japan 

3Nagの;aUniversity， Puro-cho， Chigusa， Nagの!a 464-8602 Japan 

4pujitsu Laboratoη" 10-1 Wakamiya， Morinosato， Atsugi， Kanagawa 243-0197 Japan， 

5 JST-CREST， 4-1-8 Hon-machi， Kawaguchi， Saitama 332・0012Japan 

Carbon nano-peapods have recently attracted considerable attention [1， 2]， because 
their unique nano -structures are expected to yield exotic electronic states [3]， qu印刷m

charge (spin) transports， and one-dimensional (1D) quan印m phenomena. There are， 

however.ラ stilla few reliable reports that experimentally reported such electronic states 

and quantum phenomena [4][5]. 

Here， we report anomalous charging effect of single electrons (Coulomb diamonds) 

observed in carbon nano-peapods quan印m dots that encapsulate a series of C60 
molecules [6]. We find that behaviors of diamonds are anomalously sensitive to 

back-gate voltages (Vbg) ， exhibiting two evident1y different Vbg regions and a large 

polarity on Vbg. In particular， we find only a sequence of one large diamond followed by 
three smaller ones existing around ground state.恥1agneticfield dependence indicates 

presence of shell filling by spin singlet to doubly degenerate e1ectronic levels for these. 

The encapsulated C60 molecules indirectly affect this shell filling at low V bg possibly via 

nearly free electrons. In contrastラtheyact as individual quantum dots coupled in series 

in high V bg region. It direct1y contributes to highly over1apped very large diamonds. 
Moreover， we report power law behaviors on conductance versus energy 
relationships observed in the same peapods and discuss about correlation of the 

anomalous power values with orbital-related Tomonaga-Luttinger liquid. 
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nanohorns 

oRyota Yuget， Masako Yudasaka1ぺMinfangZhang
2
ラ
TsutomuYoshitake¥ and Sumio 

Iijima 1，2，3 

21NEC，34lldj:vtikigGOKG，1314kubG305-85019JGpm 
3SORSZJSE34Mj)JukigGOKG，E14K14bG305-850l，JGPGn 
Meijo Universi帆 1-501Shiogamaguchi， Tenpaku-ku， Nagoya， 468-8502， Japan 

Single-wall carbon nanohoms (SWNHs)， a type of single-wall carbon nanotubes， adsorb 

various materials， thus being potentially use白1in many fields. Surface areas inside and 

outside of SWNH aggregates measured by N2回adsorptionwere about 600 and 400 d / g， 
respectively [1]. Mechanism of storage and release of materials into/仕omSWNHs was well 

studied [2， 3]. We previously reported that Pt partic1es with sizes of about 2 nm can be loaded 

on the outside surface of the pristine SWNHs or inside of SWNHs if holes were opened. The 

Pt deposition method employed there was the colloidal one carried out at 70oC. On the other 

handラthesmaller-sized Pt partic1es about 1.7 nm were available on the pristine SWNHs by 

depositing Pt-ammine complexes at room tempera印re[4]. Since the small-sized Pt partic1es 

are more useful in various catalytic-applications [5]， we developed a new method to decrease 

the Pt-partic1e sizes. 

Recently， it was shown that abundant oxygen-containing functional groups were formed on 

SWNHs by light-assisted oxidation (LAOx) [6]. In LAOx， S¥¥弓.JHswere dispersed in 
hydrogen peroxide solution at 800C for 6 hoursラ whereinthe light from a Xe lamp was 

irradiated. We made Pt-SWNHs using LAOx-SWNHs and Pt-ammine complexes， and 

observed the obtained Pt loaded LAOx-SWNH with transmission electron microscope， X.回ray

diffraction， and others. As a result， it was found that the Pt particles were well supported on 

SWNHs， and the Pt-particle sizes were in the range of sub-nanometers. We consider that the 

abundant oxygen-containing functional groups of LAOx-SWNH had certain effects in 

decreasing the Pt particle sizes. The details are shown in the presentation. 

Acknowledgement: 

We thank T. Azami for preparing SWNH samp1es. 
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A reproducible resistance switch effect is observed in the 1-V characteristics of a simple 
metal nanogap junction when high-bias vo1tages are applied. This phenomenon is only occurs 
for gap widths slightly under about 10 nm [1]. The switching effect is caused by the following 
process; applied bias vo1tage induces the changes of the gap width between the metal 
electrodes， and the change of the gap width affects the resistance of the gap. As a resu1t， such 
gap junctions can exhibit a non-volatile resistance hysteresis， leading to the resistance 
switching. Due to the simplicity of the construction process of the metal nanogaps， this device 
has great potential for non-volatile memory and other information storage devices. To achieve 
such switching in a few nanometer line electrodes， however， is required for the applications to 
these devices. The diameter of single wall carbon nanot印ube凶s(βS 羽W吃CNTη)i臼sapproximately 1，トトト~向円~白匂、、、-、、、、~巴、、、~、、~句~

nm， thus SWCNT is one of the possible candidates for the nanometer line electrodes of the 
nanogap switching. In this study， we constructed nanogaps using carbon nanotubes to achieve 
the switching in the 1 nm line scale range. For the switching，自Illerenepeapods were prepared， 
because the position changes of encapsulated fullerenes wi111ead to the change of resistance 
similar to that of metal gaps. The nanogap parts were fabricated by electromigration and 
breakdown methods [2]. Figure 1 shows resistances of the peapod nanogap junction in on-off 
cyc1es. The nanogap does exhibit switching behavior， indicating the observation of resistance 
switching between ~ 1 nm scale electrodes. 
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Figure 1. Resistances of a peapod nanogap junction at 0.2V in On-Off cyc1es. 
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Department ofQuantum Eng.， Nagoya University， Furo-cho， Nagoya 464-8603 

Field emission of electrons企ommultiwall carbon nanotubes (MWNTs) with a closed 

cap occurs preferentially from pentagons at the cap when the nanotube surface is clean [1]. 

Enhancement of electron emission occurs when residual gas molecules are adsorbed on 

the nanotube surface [2]. In this work， effect of aluminum (Al) deposition on MWNT 

field emitters was studied by field emission microscopy (FEM)， and FEM images of Al 

clusters in atomic-resolution and the suppression of current fluctuation were observed. 

MWNTs produced by arc discharge were attached to a tungsten hairpin by 

graphite-bond， and Al was deposited onto apex regions of MWNTs in the FEM chamber. 

The amount of Al deposited on MWNT caps was in a range from ~ 1 nm to ~ 1 0 nm in 

terms of mean film thickness. The base pressure of the FEM chamber was 7 x 10-8 Pa. 
Figure 1 shows FEM images of an MWNT emitter before and after Al deposition. 

Before the Al deposition， pentagon pattems characteristic of clean caps of M¥¥明Ts(two 

MWNTs are visible in this image) are observed as revealed in Fig. 1 (a). By the 

deposition of Al， as shown in Fig. 1 (b)， a spotty pattem with a high symmetry (4-fold 

symmetry in this case) appeared instead of the clean pentagon pattems. The contrast of 

the spotty pattem reminiscent of the structure of an atom cluster with a shape of 

cubかoctahedron，which is the crystal 

form characteristic of face-centered 

cubic metals. A model of the 

structure consisting of 79 Al atoms is 

illustrated in Fig. 2. The polyhedral 

image， rotating and migrating， 

disappeared at several seconds after its 

appearance， and finally the original 

clean cap was recovered. 
Fig. 1. FEM images of (a) clean MWNT caps 

and (b) an Al cluster. 
Although the fluctuation of 

emission current was large just after the Al deposition， 
flickering of spots in the FEM and current fluctuation 

considerably decreased after the first current-voltage 

measurement. This may be due to the gettering action of Al 

clusters deposited on MWNT emitters. 

[1] Y. Saito， K. Hata and T. Murata: Jpn. J. Appl. Phys. 39， L271 (2000). 
[2] K. Hata， A. Takakura and Y. Saito: Surface Sci. 490， 296・300(2001). 
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Porphyrin-Modified Single酬明TalledCarbon Nanotubes for 

Photoelectrochemical Devices 
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Reagents and conditions: i) 200 oC， air， 24 h， ii) conc.日Cl，
sonication， 15 min， iii) 2.6 M HN03， ref1ux， 24 h， iv) SOCb， 
ref1ux， 24 h， v)か CIOH2，NHぉ 130υC，3 days， vi} H2P-NH2， DMF， 
130 oc， 3 days， vii) H2P-NH2， isoamyl nitrile， ODCB， 
microwave， 100 uC， 30 min. 
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Single-wall carbon nanotubes (SWNTs) show great promise as a gas sensing material 
because oftheir extremely small size and large surface area (per unit volume). Accordingly， to 
maximize their gas sensing ability， it is essential to prepare a finely dispersed SWNT network 
down ωa  nanometer-scale. Following this line and extending our previous work of 

cellulose-derivative aided dispersion and thin 
film fabrication of SWNT [1]， we have 
developed an ultra-sensitive gas sensor. 
SWNTs finely dispersed in an aqueous 
solution of a cellulose derivative were spin 
coated on a quartz substrate， followed by matrix 

2 10-5 

〈亡

、¥、

E 1105 .... 
コ
'-' 

50ppb 

removal by buming. in :a~~~~， ~~ali~in~__，:，~~ 0 I~20min 
exposed and mostly individualized S\\巾~T Time 

N0
2 

networks. A sensor was completed by vacuum Fig.l Electrical response to 25ppb and 50ppb N02・
depositing a pair of interdigitated gold 
electrodes (100μm gap) on top ofthe SWNT network. 
The sensor demonstrated a sizable increase in current 

upon exposure to 25ppb N02 (Fig. 1) or even lower; this 

1.5 

1.4 

1.3 

is one of the most sensitive N02 detection ever reported _1.2 
for pri叩ne(non向functionalized)SWNTs. UV-induced [1.1 

photodesorption was used to recover the baseline. As is .s 
急1.5
C generally accepted， the current increぉeresults from hole 

doping by N02， reflecting the p-type nature of 
oxygen-doped SWNTs. When exposed to 5ppm NH3， on 
the other hand， a considerable reduction in current was 
observedラ attributable ωcarrier compensation by 
electron donation from NH3 to p-doped S¥¥弓..JTs.

<I.l1.4 
<I.l 

話1.3
s: 1.2 
1.1 
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1.3 
1.2 
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0.70 0.75 0.80 0.85 0.90 

These charge transfer processes were further studied 
by investigating the effect of gas exposure on absorption 
and photoluminescence (PL). We found出剖 upon
exposure to N02， PL from an SWNT network derived 
from the Sl1 optical transition considerably decreasedラ
while it increased upon exposure to NH3 (Fig. 2). Indeed， 
this is the first demonstration of optical gas sensing with 

Fig.2 PL change induced by gas 

SWNT， and the trend ofthe PL ch~nge i~ fully con~istent exposure (100ppmN02 & 30ppmNH3). 
with the charge transfer mechanism mentioned above. 

[1] N. Minami et al.， Appl. Phys. Lett. 88，093123 (2006). 

Corr巴spondingAuthor: Nobutsugu Minami 
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Super-Growth Single-Walled Carbon Nanotube Electrochemical Capacitors 
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With the advent of global warming and its ever present impact， zero-emlSSlOn 
renewable energy sources and conversion devices have gamered much attention within the 
scientific community and beyond. One promising source of compact energy storage devices is 

the electrochemical capacitor， also called supercapacitor. Able to simultaneously deliver 
high energy density and high power density， supercapacitors operate on the principle of 
double layer charging; therefore， a potential elec仕odematerial is based on its accessible 
specific surface area， electronic conductivity， chemical stability and operating voltage range. 

It is thought that SWNTs， due to their crystallinity (i.e. high electrical conductivity) 
and high surface area possess the potential for becoming next-generation electrode material. 
Super-growth SWNT (SGT) forests have shown the highest reported specific surface area for 
CNT material [1]. Here we report the performance of electrochemical capacitors based on 

super-growth forests， and showcase their potential to exceed performance of other types of 
supercapacltors. 

[1] D. N. Futaba， K. Hata， T. Yamada， T. Hiraoka， Y. Hayamizu， Y. Kakudate， O. Yanaike， H. Hatori， M. Yumura 
and S. Iijima， Nat. Mater.， 5 (12)， 987 (2006) 
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Ink-jet Printing of Carbon Nanotube Film Transistors 

oTaishi Takenobu1ユ，Noriko Miura3， Takeshi Asan03， Tomohiro Fuka04 

Masashi Shiraishi4 and Y oshihiro I wasa 1，2 

lInstitute戸rMaterials Research (IMR)， Tohoku University， Sendai 980-857スJapan
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Tohoku University， Sendai 980-8577， Japan 
3BROTHER INDUSTRIES， Ltd， Nagoya 467-0841， Japan 

4 Graduate School of Engineering Science， Osαka Universiか，Toyonaka 560-8531， Japan 

Fundamental studies of charge transport through individual single-walled carbon 
nanotubes (SWNTs) reveal remarkable room-temperature properties， inc1uding mobilities 
more than ten times larger than that of silicon， current-carrying capacities as high as 10フ
Acm-2 and ideal subthreshold characteristics in single-tube transistors. The implications of 
these behavior could be significant for many applications in electronics， optoelectronics， 
sensing and other areas. Devices that use single SWNTs as functional elements might not， 
however， form a realistic basis for these technologies， due to part to their low current outputs 
and small active areas. More importantly， integration of single SWNT devices into scalable 
integrated circuits requires a solution to the very difficult problem of synthesizing and 
accurately positioning large numbers of individual， electrical homogeneous tubes. 
Currently， researchers are developing thin削filmtransistors (TFTs) using various organic 

semiconductors in order to construct electronics on polymeric materials for such 
“macroelectronic" applications as lightweight flexible display， inexpensive radio frequency 
identification， etc.， whereby the performance merit is not driven by Moore's law scaling as in 
conventional microelectronics but is instead determined by the low同costper unit area and the 
compatibi1ity with large-area， non-crystallines substrates. We recent1y proposed an altemative 
semiconducting material for such applications that consists of a two-dimensional random 
network of solution-processed SWNTs and have reported high-performance SWNT TFTs on 
inflexible Si substrates [1] and on flexible plastic substrates [2]. One of the main 
technological attractions for solution-processed SWNT TFTs is that an TFT can be deposited 
and pattemed at low/room tempera加reby a combination of low-cost solution-processing and 
direct-write printingラwhichmakes them ideally suitable for realization of low-cost， large-area 
electronic functions on flexible substrates. Here we applied inkjet printing to the fabrication 
process of SWNT TFTs. Transistors have been successfully fabricated via inkjet printing with 
high reproducibility. The detai1 of fabrication process and device performance will be 
presented at the meeting. 
This study was supported by Industrial Technology Research Grant Program in 2006 

fromNewEne 

[1] M. Shiraishi， T. Takenobu， T. Iwai， Y. Iwasa， H. Kataura and M. Ata， Chem. Phys. Lett.， 394， 110 (2004). 
[2] T. Takenobu， T. Takahashi， T. Kanbara， K. Tsukagoshi， Y. Aoyagi and Y. Iwasa， Appl. Phys. Lett.， 88， 33511 

(2006). 
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Forma“on of Water-Dispersible Nanotubular Graphitic Assembly 
OWusong Jin1， Guanxin Zhangl， Takanori Fukushima1，2 and Takuzo Aidal，2 
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Recently， we have reported that Gemini-shaped hexa-peri占exabenzocoronene(HBC) 
amphiphiles self田assembleto form π'-electronic， discrete nanotubular objects [1]. Due to the 
well-defined one-dimensionality， the nanotubues are attractive in view of electronic and 
optoelectronic materials. By taking advantage of this study an isothiouronium ion皿appended
HBC amphiphile 1 is newly synthesized (Fig. 1). Incorporation of the ionic functionality as 
a pendant allows the resultant nanotube to disperse in water owing to effective hydration as 
well as electrostatic repulsion (Fig. 2). Furthermore， we also succeeded in post 
supramolecular functionalization ofthe nanotube surface with oxoanion guests [2]. 
HBC 1 is the first examples of ionically 

charged Gemini-shaped HBC amphiphile. 
After many attemptsラ wefound that 1 can 
self-assemble specifically in CH2Cb to form 
nanotubular objects. A1though compound 1 
was insoluble in water even under boiling 
conditions， tubularly assembled 1 was finely 
dispersed in water at room temperature. For 

"> 

lAo'"¥〆0、/へ0/¥ノOMe

HBC 1 

example， a CH2Cb suspension of the 一一1."^lftI'lll~r &t.II，..III..... ""，f 出・ illl"'r'l ;""n_!!IInn.d.nA4I"I 

nanotubes (1 mL， 1 吋 n山 was cent仙 g例c吋d ;己:ム件斗ぷ::江ごzニごz:ニbよニ:ユ;ニ:ニ;:::立J立:::ふ;:)):f1:fj一…u附m削romum削…-appen叩a僧制e剖a 
a剖t25 oCラandthe resu1ting solid substance was 
subjected to immersion in MeCN (2 mL) 
followed by centrifugation. After repeating 
this washing treatment， deionized water (2 
mL) was added to the residue， whereupon a 
yellow-colored， transparent solution resu1ted. 
TEM and SEM microscopy of an air-dried 
aqueous dispersion clearly displayed that the 
individual nanotubes are well separated仕om
each other. Making use of a specific 
interaction of the isothiouronium pendants 
with oxoanionic species， we demonstrated 

(a) (b) 

鱗@
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Fig. 2. (a) Schematic structure of a graphitic nanotube from 1. 
(b) Possible binding structure of the isothiouronium ion 
pendant with a guest containing an oxoanion group， through a 
hydrogen-bonding interaction. 

post surface functionalization of the uniformly dispersed nanotubes in water. While 
excitation of the nanotubes in waterlMeCN (1:1 v/v) at 427 nm resu1ted in a fluorescence 
emission at 526 nm with a shoulder at 562 nm， upon titration with sodium 
anthraquinone-2-carboxylate (SAQ)， the fluorescence stepwise decreased in intensity. Thc 
Ste，ffi-Volmer constant (Ksv) for the fluorescence quenching was determined to be 3.3 x 100 

M-' from the initial fluorescence intensity change at 526 nm. The flurescence quenching is 
obviously due to a long-range photoinduced electron transfer from the HBC units in the 
graphitic tubular wall to surface句bo

[1] J. P. Hil1， W. Jin， A. Kosaka， T. Fukushima， H. Ichihara， T. Shimomura， K. Ito，ぐr.Hashizume， N. Ishii and T. 
Aida， Science 304， 1481 (2004). 

[2] G. Zhang， W. Jin， T. FukushimaラA.Kosaka， N. Ishii and T. Aida， J Am. Chem. Soc.， 129， 719 (2007). 
Corresponding Author: Wusong Jin 
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Structure ofVertically Aligned Carbon Nanofibers Containing Conical 
Cavity Array: One-dimensional Array of Graphitic Cones 

OAkira Koshio， Yuta Tango， Takayuki Yamasaki， Kentaro Suzuki， and Fumio Kokai 
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1577 Kurimαmαchiya-cho， Tsu， Mie 514-8507， Japan 

Catalytic chemical vapor deposition (CVD) has been extensively investigated as a 
promising method for growing carbon nanofibers (CNFs). It is wel1 known that various 
types of CNFs can be formed by control1ing the growth conditions， such as metal catalysts 
and reactant gases. We have previously reported that CNFs having an array of conical 
cavities that are 300-800 nm long were formed by a1cohol CVD using indium tin oxide 
(ITO) and Fe as the metal catalysts (Fig. l(a))[l]. We named these CNFs“conical-cavity 
CNFs (CC-CNFs)" because they have a unique structure containing conical cavities in a 
one-dimensional array at uniform intervals. In this study we inspected the structure of 
CC-CNFs using electron microscopies. We found that the conical cavities in CC-CNFs 
consisted of a one-dimensional array of graphitic cones confined by disclination defects in 
the hexagonal graphitic network. 
Figure 1 (b) shows a typical TEM image of one of the conical cavities in CC-CNF. The 
TEM observation revealed 
that the CC-CNF had two 
graphitic structures， which 
were paral1el to the fiber 
axis (Fig. l(c)) and the 
wal1 of the conical cavity 
(Fig. 1 (d)). The graphitic 
structures correspond to 
multi-wal1 carbon 
nanotubes and graphitic 
cones [2]， respectively. We 
observed a few limited 
angles by deducing them 
from the projected 
dimensions of the tilted 
conical cavity. This means 
that the conical cavity is 
confined to seven possible 
cone structures by the total 
disclination (TD) of the 
graphitic network decided 
by the number of pentagons 
(P) in the tip (Fig. 2). 

Fig. 1 TEM images of (a) CC-CNFs， (b) one conical cavity， (c) outer 
graphitic structure shown in (b)， and (d) inner graphitic struc同re
shown in (b). 

喝明僻

l巴!竺笠E旦... 置由E冨

Fig. 2 Examples of conical cavities corresponding to graphitic cones. 
The tip angles of the conical cavities indicate e = 600 and e = 38.90 in 
(a) and (b)ラ respective1y.Image (c) shows the hollow MWNTs 
corresponding to the tip ang1e e = w. 

References: [1] A. Koshio et al.， The 31't Fullerene-Nanotube General Symposium， 1・18.
[2] A. Krishnan et al.， Nature， 388， 451(1997). 
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Novel Magnetic Field Effects and Time-Resolved EPR Spectra of Biradicals 
from Photoinduced Intramolecular Electron Transfer Reactions in 

Phenotiazine-C60 Linked Compounds 

oHiroaki Yonemura1， Shinya Moribe¥ Yuya Wakita¥ Sunao Yamada1，2ヲ
Yoshihisa Fujiwara3， and Yoshi白miTanimot03 

1 Department of Applied Chemistlア，めlUshuUniversity， Fukuoka 819-0395， Japan 
34CenterEfbr Future CreGtion，Kyushu fjF1iwrsiか"Fukuoka 819-0395， Japan 
Department of Mathematical and L砕Sciences，Hiroshima Universiか~ Higashi-Hiroshima 

739-8526， Japan 

We examined photoinduced electron-transfer reactions and magnetic field effects 

(MFEs) on the photogenerated biradicals in phenothiazine(Ph)-C60 linked compounds， 
Ph(n)C60 (n=6，8，10，12)， where photoinduced intramolecluar electron-transfer reactions occur 

仕omPh to the excited triplet state of C60 in benzonitrile [1]. We also investigated a system of 

porphyrin申C60linked compounds (ZnP(n)C60 (n=4，8)) [2] and have found the novel MFEs in 
both the Ph(n)C60 and ZnP(n)C60 systems. 

In the study， we have examined the effects of temperature， solvent， and a salt on the 

dynamics of the biradical of Ph(n)C6o(n=4-12，BP) (Fig. 1) in benzonitrile [3] and THF at 
various magnetic fields (0-14 T) and tempera印res(283-343K) to verifシthemechanism of the 
novel MFEs. 

Transient absorption spectra indicated that 

triplet biradicals were generated by intramolecular 
electron-transfer reactions from the Ph to triplet 
excited state of C60・
The reverse MFEラ thatthe lifetime of the 

biradical increases first and then decreases with 

increasing magnetic field， was clearly observed at 
low magnetic fields (0.1 ~0.2 T) in Ph(n)C60 

(n=4圃12，BP).The MFEs were drastically changed by 
temperature， solvent， a salt， and a spacer. 

The present MFEs can be explained by the 

contribution of not only spin-lattice relaxation 
mechanism but also spin-spin relaxation mechanism 

related to exchange interaction of the biradical. The 
time-resolved EPR spectra in Ph(n)C6o(n=4-12) are 
assigned to spin-correlated radical pairs. The 

time-resolved EPR spectra also support the 

mechanism suggested in MFEs. 

Q-R 

Q 
R= 一附bs
Ph(n)C 60(n =4，6，8，10，12) 

叫日叶日
Fig. 1. Molecular structures of 

Ph-C60 linked compounds 

[1] S. Moribe， H. Yonemura， and S. Yamada， C. R. Chimie， 9， 247 (2006). 
[2] H.Yonemura， S. Harada， S. Moribe， S. YamadaラH.Nakamura， Y. Fuiiwara， and Y. Tanimoto， Mol. Phys.， 104， 
1559 (2006). 

[3] S. Mor均e，H. Yonemura， and S. Yamada， Chem. Phys.， 334， 242 (2007). 
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Kinetic Study on Antioxidant Activity ofWater-soluble [60]Fullerene and 
[60]Fullerene Epoxide byβCarotene Bleaching Assay 
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Suita， Osaka 565-0871， Japan 
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Water-soluble fullerenes have been found to behave as potent reactive oxygen species 

(ROS)-scavengers in cell cultures and can protect human skin keratinocytes 仕omUV 

irradiation and oxidative damage by tert-butyl hydroperoxide [1，2]. Despite numerous studies 

on the radical scavenging activity of water-soluble fullerenes， little is known about the 

comparative assay of白llerenesversus carotenoids， which are known to behave as a radical 

scavenging type antioxidant. Recent1y， we evaluated the antioxidant activity of 

unfunctionalized water-soluble fullerenes， such as y-cyclodextrin (CD)-bicapped [60]白llerene

and polyvin)匂yrrolidone(PVP)-entrapped [60]fullerene， byβcarotene bleaching assay and 

found a significant inhibitory effect of these water-soluble fullerenes on the oxidative 

discoloration ofβcarotene induced by coupled autoxidation oflinoleic acid [3]. In the present 

study， we investigated the antioxidant activity of water-soluble [60]fullerene epoxides as well 

as other fullerenes in a wide range of concentrations. We found that the y-CD時bicapped

[60]fullerene monoepoxide showed slightly higher antioxidant activity (%AOA) than that of 

y-CD-bicapped [60]白llerenewith the relative rate constant kre1 of 1.30 at 50
oC. 

、/、v、

βCarotene 

y-CD/C600 PVP/C600 

[1] L. Xiao， H. Takada， K. Maeda， M. Haramoto and N. Miwa， Biomed. Pharmacother. 2005，59，351-358. 
[2] L. Xiao， H. Takada， X. H. Gan and N. Miwa， Bioorg. Med. Chem. Lett. 2006， 16，1590-1595. 
[3] H. Takada， K. Kokubo， K. Matsubayashi and T. Oshima， Biosci. Biotechnol. Biochem. 2006， 70，3088-3093. 
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Kinetic Control of Interfacial Energy in Carbon/Epoxy Composites 
by using Fullerenes 
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2D々 partment01 Chemical Engineering， Saitama Universi帆 Saitama338-8570 

3Toray Industries Inc.， New Frontiers Research Laboratories， Kamαkura 248-8555. 

Composite materials consist of carbon and matrix resins (ca. epoxy resins) are widely used in 

transport and architecture industries. The interfacial condition of carbon/matrix has received 

much attention recently， as it is generally accepted that this region can influence the properties 

of composites strongly. Control of carbon surface energy is one of the ways to improve the 

interfacial adhesion between carbon and matrix resins. In this study， we tried to control the 

surface free energy of carbon by fullerenes coating. We also investigated the reinforcement 

effect of fullerenes for flexural modulus of epoxy resins. 

The surface free energies (rds， rP s， rh s， r s) of carbon wafers applied with or without 
fullerenes were assessed by contact angles of standard test liquids (water， glycerin， 

ethyleneglycoleラetc.) using the expanded Fowkes method [1]. Adhesion work between carbon 

wafers and epoxy resins (Tf) was determined by the liquid surface tension of epoxy resins and 

the contact angles of epoxy resins on carbon wafers using the Young-Dupre equation. As shown 

in Table 1， r s and W varied depending upon the structures of fullerenes. The relation between 
weight ratio of fullerenes and flexural modulus for epo)¥y resins seems not to obey theoretical 

curve derived from rule of mixture. 

34YOム守。ゾ

C60 BDCP BDTL DOPE PCBM 

Table 1 r s and W of carbon wafers applied with or without fullerenes [mN/m] 
Fullerenes rds r九 yhs Ys w 
Non 43.5 0.2 0.1 43.8 90.1 

C60 41.8 0.3 0.1 42.2 90.6 

PCBM 41.5 4.3 0.0 45.8 92.0 

DOPE 34.5 15.5 0.7 50.7 92.4 

BDTL 41.9 0.6 0.5 43.0 90.1 

BDCP 38.1 0.1 0.6 38.8 75.2 

[1] T. Hata， Y. Kitazaki， J. Adhesion， 1972， 8， 131 

Corresponding author: Yusuke T司ima

Tel: +81-48-467-9309， Fax: +81・48-462-4702，E-mail: !ai imaial，riken. io 

-81-



lP-4 

Temperature Dependence of Conductivity of Crystalline C60 and C70 
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Using the samples produced in pellet form， the conductivity of crystalline C60 and C70 

fullerenes was measured. The conductivity of C60 sample is shown in Fig.1 as a function of 

temperature. The conductivity depends on temperature process of the sample， and is almost 

constant at temperatures below 300K. 

At above 300K the temperatures 

conductivity rapidly decreases with 

IS 

increasing temperature. Moreover， a 

hysteresis on the conductivity 

observed in the temperature region 

from 41 OK to 480K during upping and 

Thermal downing the temperature. 

activation energies of about 0.6 and 

0.7eV on the conductivity are 

obtained in the temperature regions 

of 300-410K and above 480K， 

respectively. Xィaydiffraction showed 

that the crystalline C60 sample has fcc 
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laUice structure at room temperature. Fig.1 Conductivity of crystalline C60 sample as a function 

Based on the above results， we of temperature 

believe that there are three crystal phases， sc phase below 300K， fcc1 phase between 

300・.410K，and fcc2 phase above 480K. Here， lattice constant of fcc2 phase should be larger 

than that of fcc1 phase. The temperature dependence of the conductivity below 3001くis

related to a disordered orientation of C60 molecule in sc lattice， and the hysteresis between 

41 OK and 480K may be due to the phase transition between fcc1 and fcc2. 

Reference:篠原久典、粛藤弥八.フラーレンの化学と物理(名古屋大学出版会、 1997).
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Design of host molecules having bond-forming Chart 

capability with fullerenes is interesting in that the 

structures as well as chemicallphysical properties of the 

carbon cages can be modified through hostlguest 

chemistry. Here we report that a cyclic dimer of 

methyliridium porphyrin (1; Chart) displays an 

extraordinary affinity toward fullerenes， as the resuIt of a 

bond-forming host-guest interaction [1]. Because of the 

binding of two iridium centers to the opposite sides of 

included C60， the fullerene deforms from a spherical 

shape to an oval shape upon inclusion. 

1: M = Ir， R1 = Hex， R2 = Me 
2: M = Zn， R1 = R2 = Et 

From spectroscopic titrationsラ theassociation constant Kassoc between 1 and C60 in 

benzene was estimated at 1010 M-¥which 1S one of the largest values among those for any 

host悶guestcomplexation events reported. In order to investigate the ongm of such an 

extraordinary affinity of 1 toward C60， we conducted an X-ray crystallographic study on the 

inclusion complex 1コC60・ Twoiridium centers in 1 bind to the opposite ends of the C60 
frame， where each of the iridium atoms coordinates in an イfashionto a 6:6 ring-juncture 
C-C bond of C60・ Thecoordinated C-C bonds are definitely longer than a C-C bond at a 

6:6 ring but shorter than that at a 5:6 fusion in uncomplexed C60・ BoundC60 exhibits a 

marked elongation along the Ir---Ir axis， thereby adopting an oval shape. In sharp contrast to 

1コC60，an analogous inclusion complex of C60 with a zinc porphyrin cyclic dimer (2コC60;
Chart 1) displays neither such bond-forming signatures nor detectable distortions of included 

C60 [2-5]. 

[1] M. Yanagisawa et al.ラsubmitted.
[2] K. Tashiro et al.， J. Am. Chem. Soc.， 121，9477 (1999). 
[3] 1.-Y. Zheng et al.， Ange¥机 Chem.Int. Ed.， 40， 1857 (2001). 
[4] H. Sato et al.，J. Am. Chem. Soc.， 127， 13086 (2005). 
[5] K. Tashiro and T. Aida， Chem. Soc. Rev.， 36， 189 (2007). 
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The developrnent of a facile and basic rnethod for functionalization of C60 is still an 
irnportant challenge because of recent dernand of carbon nanornaterials. The known 
procedures so far for the functionalization have just ernployed conventional transforrnation of 
electron-deficient olefins. Arnong these rnethods， introduction of N1 unit to C60 leading to 
azafulleroids and aziridinofullerenes is lirnited to use of azides with need for careful 
treatrnent.1 We have already reported in this syrnposiurn that C60 was directly converted to 
an aziridinofullerene with Chlorarnine-T in the presence of phase-transfer catalyst. Here we 
found that azafulleroid， which is an isorner of aziridinofullerene， was produced by addition of 
MS4A to the above reaction systern. The investigation of the reaction conditions could 
successfully control the selective forrnation of aziridinofullerene and azafulleroid. 

NJTs N/γs 

~ li rヘ〆li'y¥ #" 11、
!Nヘム~ !Nヘム~ CI¥ M84A Iん人司¥
¥¥}大F て ¥¥}-大必1+ ①堅一Ts • ¥礼ムー(I!I
Wご¥_T/' て"¥_T/' Q て大← PてY

Q = quaternary amine 

In addition， to confirrn the reaction pathway， isolated aziridinofullerene was treated 
with MS4A under the therrnal conditions， but the reaction did not proceed at all. On the 
other hand， when the aziridinofullerene and chlorarnine-T were heated in toluene in the 
presence of MS4A， the azafulleroid was produced. These results indicate that the 
aziridinofullerene was rearranged to azafulleroid by the cornbination of MS4A and 
chlorarnine-T. 

M84A 
no reaction 

N--γs toluene， 110 oC， 5 h 

N/Ts 
CI ¥ 
(D ~-Ts 
Q- e . M84A 

toluene， 110 oC， 10 min 

[1] M. Prato， Q. C. Li， F. Wud1， and V. Lucchini，J Am. Chem. Soc. 115， 1148 (1993). 
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Efficient synthesis of fullerenols by mechanochemical 

reaction of C60 with H20 under O2 atmosphere 

o Yuichi Ishiyama， Hiroto Watanabe， Mamoru Senna 

Fαculty 01 Science and Technology， Keio University 
3-14-1 Hiyoshi Kohoklぱ U，Yokohama， 223-8522， Japan 

Fullerenols have attracted much interest in industrial chemistry and biochemistry. They 

are known to be free附radicalscavengers or water鴫solubleantioxidant in biological systems. 

Hydroxylation of fullerene has been performed in not only liquid phase with toxic organic 

solvents [1]， but also under solvent同freeconditions using high-speed vibration mill (HSVM) 
techniques [2]. While HSVM methods do not need any solvents， then take a lot of trouble 
with eliminating metallic salts remaining in reaction products. Therefore， we developed a 
more efficient synthesis method of fullerenols， without any catalyst. 
We recently demonstrated a solid-state oxidation of向llereneunder mechanical stressing 

by ambient gaseous oxygen [3]. Major products were polymerized fullerene epoxides (C600)n. 

We supposed the polymerization of epoxides to have initiated by oxygen radical generated 

during des加 ctionof unstable epoxy rings on a fullerene cage [4]. We further assumed that 

the trapping of those radicals by water results in introduction of hydroxyl groups on向lIerene，
and inhibition of further po lymerizations at the same time (Scheme 1). 

We here examine generation of ful1erenols during mechanochemical reaction of fulIerene 
with H20 under 02 atmosphere， without adding any catalyst and toxic reagents. We milled 
crystallite C60 with water under 02 atmosphere， using vibration mi1l with a single mi1ling ball 
(Fritsch， Pulversitte 0). Obtained products showed water solubility. From the IR spectraラwe
observed the peak assigned to hydroxyl groups， and it is totally different from those of 
polymerized白llereneepoxides. 

Poly fullerene epoxides 
Scheme 1 Hydroxylation offullerene 

Finally， we developed a very simple and clean synthetic method of釦llerenols，by only 
using O2 and H20. Therefore， this method will be wide spread to many industrial applications 
in fullerene chemistry. 

References: 

[l]Long y'Chiang， J.B.Bhonsle， Leeyih Wang， S.F.Shu， T.M.Chang， and Jih Ru Hwu， Tetrahedron Lett.， 1996， 

52， 4963-4972 

[2] PU Zhang， Hualong Pan， Dongfang Liu， Zhi・XinGuo， Fushi Zhang， and Daoben Zhu， Synth. Commun.， 

2003，33，2469・2474

[3] Watanabe H， et al.， Abstracts ofThe 30th Fullerene-Nanotubes general symposium， p.152， 2006 

[4] Watanabe H， et al.， Abstracts ofThe 32nd Fullerene-Nanotubes general symposium， p.120， 2007 
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NMR  Studies of Molecular Hydrogen Encapsulated in Dianions of 

Fullerene C60 and Open-Cage C60 Derivatives 

oMichihisa Murata1， Yuta Ochi1， Fumiyuki Tanabe1， Yas可iroMurata1ぺand
Koichi komatsul，3 

1 Institute for Chemical Research， Kyoto University， [グLめloto611-0011， Japan 
2 P RESTO， .fIαpαn Science αndTeきechnoloε幻}

3 Deψp αart仰mel仰2tofEmνばJironmηle臼仰nt，ωαl α ndBiわot陀echl仰1ωologiたCαal Frontier Engineering， Fukui University 
ofTechnology， Gakuen， Fukui 910-8505， Japan 

We have already reported that a hydrogen molecule encapsulated in 
fullerene C60 cage can be used as a sensitive NMR probe for chemical 
functionalization at the exterior ofthe fullerene cage [1]. The NMR signals of 
H2 inside C60 or its derivatives were observed in high-field region (8 < -1.4 
ppm) because of strong shielding effect of the fullerene cage. In this study， 
we carried out two-electron reduction of C60 and open-cage C60 derivatives 
encapsulating H2 and examined the 1 H NMR chemical shifts of inside H2・ H2@1 
Dianion of open-cage fullerene derivative 1 having a 

13-membered-ring orifice encapsulating hydrogen (H2@1) was successfully generated within 
one hour by treating with CH3SNa in acetonitrile-d3 under vacuum. 1H NMR spec甘umof 
the resulting brown solution showed a signal for the encapsulated hydrogen at 88.13 ppm， 
which was downfield shifted by ca. 15 ppm as compared to that ofneutral H2@1 (87.25 ppm 
in 1，2句dichlorobenzene-d4). More drastic downfield shi白wasobserved when the pristine C60 
encapsulating H2 (H2@C60) acquired two electrons. An NMR spectrum of dianion of 
H2@C60， which was generated in the same way as that of H2@1， exhibited a signal for 

026.36 ppm 

H2@C60 

JLJ 山叫 ， _，LI.J.~，叫

encapsulated H2 at such a downfield as 
826.36 ppm in acetonitrile-d3 as shown in 
Figure 1. These large downfield shifts of 
H2 signals upon two-electron reduction 
indicated significant decrease of overall 
aromaticity of the fullerene n-conjugated 
systems and were interpreted based on the 
GIAO and NICS calculations. We will also 
discuss NMR chemical shifts for H2 
encapsulated in dianion of open-cage C60 
derivatives with different orifice sizes. 

34 32 30 28 26 24 22 20 o/ppm 

Figure 1. 1H NMR spectrum of dianion ofH2@C60 
in acetonitri1e-d3. 

[1] M. Murata， Y. Murata and K. Komatsu， J. Am. Chem. Soc. 128， 8024 (2006). 
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Highly soluble fullerene derivatives 

and their production process development 

oMasahiko HASHIGUCHI， Eiji DEJIMA， Tomomi YANO， Katsutomo TANAKA 

Frontier Carbon Corpor，αtion 
Engineering and Development Center 

MCC-Group， Kurosaki， Yahαtanishi-ku KitaわJushu-shi806-0004 Fukuoka， Japαn 

Recently the fullerene application development as the real industrial materialsラhasbeen 
progressed in many variety of the product are as such as the energy devices or the 
cosmetics. Though C60， the most popular fullerene molecular， can be dissolvedラ the
customers require the more solubility. By adding some functions using the chemical 
modification， the very high solubility can be attained for many kinds of the solvents. For 
example， PCBM families (refer to the following figures)ラitis found that the solubility has 
been dramatically changed by the different types of ester structure added to C60・These
types of molecular are now studied as the electron acceptor of the organic thin film photo 
voltaic cell all over the world[1，2]. 

tとと

PCB孔f

O 
¥ 

、と
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、とと
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\/\~〆
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Frontier Carbon Corporation (FCC) has been developing the fullerene derivatives and the 
production process with Mitsubishi Chemical Science and Technology Research Center， and 
can supply the various fullerene derivatives which solubility is suitable for many industrial 
applications with the reasonable prices and the reliable qualities. In this poster some of the 
fullerene derivatives are introduced with some property data， as well as the FCC fullerene 
derivative development activity. 

[1] G. Yu et al.， Science， 270， 1789 (1995). 
[2] L. Zheng et al.， J. Phys. Chem. B， 108， 11921 (2004). 
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Synthesis of Various Amino-Functionalized [60] Fullerene Derivative via Nitrofullerene 

Intermediate 

o Masaru Sekido， Masatomi Ohno 

Department 01 Advanced Scienceαnd Technology， ToyotαTechnologicallnstitute 

2-12-1 Hisak，αta， Tempaku， Nagoya 468-8511， Japan 

We have developed the effective methods to prepare the nitrofullerene intermediate1) and 

its application to synthesize hydrophilic fullerene derivatives， such as hydroxy白llerene

derivatives. Aiming at the further application of the nitrofullerene intermediateラvariousamino 

functional groups were introduced to give aminofullerene derivatives. Typically nitrofullerene 

intermediate was prepared by the reaction of C60 with HN03 (白ming)at room temperature 

without using any solvents to give the nitrofullerene intermediate as an orange crystal. Then 

NH3 was added to the THF solution of this nitrofullerene intermediate to give the 

amino-fullerene derivative， which was soluble in water. 

HN03 (fuming) 

一r.t. 
¥NH.  aa 
N02) -一一二一一ι→b
/6 r.t. 

Hydrophilic 

By using the similar methods various amino groups were introduced to give hydrophilic 

and lipophilic fullerene derivatives. For example， amino acid， such as L-glutamic acid， was 

introduced to give the corresponding hydrophilic fullerene derivatives， which may have 

interesting biological activity. Synthesis of the fullerene-knot network by using 

1 ，4-diaminobutane was also attempted to obtain a fullerene相basedmaterial. 

経設にco，)

器訴すい犠)
…鞠J

References: V. Anantharaj， J. Bhons1e， T. Canteenwa1a， and L. Y. Chiang， J. Chem. Soc.， Perkin 1トαns.1， 1999， 

31-36. 
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U1traviolet Photoelectron Spectroscopy ofLu・encapsulatedMetallofullerenes 

oTakafumi Miyazaki1， Masayuki Kato2， Konosuke Fur叫cawa2，Ryohei Sumii
3
ぺHisashi

Umemoto5， Toshiya Okimoto5， Toshiki Sugai5，日isanoriShinoharaS， Sh吋unHino1， 

1 Graduate School ofScience & Technology， Ehime University 
2 Graduate School ofScience & Technology， Chiba University 

3 Institute for Molecular Science 
4 Research Center fur Materials Science， Nagoya University 
5 Graduate School ofScience， Nagoya University 

The valence band electronic structure of C82 endohedral fulleren回 containingLu 

atom(s) was studied by ultraviolet photoel即位onspectroscopy. 

Figure 1 shows the ultraviolet photoelectron spectra尽JPS)of L怯 encapsulatedC82 

obtained by hv斗 OeVirradiation. Their spectral onsets are 1.1 eV (C82)， 0.23 eV (LU@C82(I))， 

0.60 eV (Lu2@C82(II))， 0.87 eV (Lu2@C82(III))， 0.61 eV (Lu2C2@C82(II)) and 0.80 eV 

(Lu2C2@(III)). A large di宜rence is ob served加

the structures between 0 -4 eV. However， 

similarity is observed in the UPS of 

LU2@C82(II) and LU2C2@C82(II)， and in those of 

LU2@C82(III) and LU2C2@C82(III). LU2@C82(II) 

and LU2C2@C82(II) have the same C2v cage 

structure and LU2@C82(III) and LU2C2@(III) 

have the same C3v・Itseems that the cage 

structure dominates the electronic structure 

derived from冗剛dectrons.

Their spectral structures betw悶 15---geV

are almost analogous， which suggests that the 

electronic structure of skeletal σ-bonds are 

almost the same. It should be noted that there 

are two structures at around 9.5 eVand 11.0 eV， 

which are not ob罰rved担 theUPS of other 

fullerenes. These two structures are attributed 

to Lu 4felectrons. 

Corresp佃 dingAuthぽ:S. Hino， E-mai1: hino @ eng. 
ehime・u.acjp，ph∞e: 089-927-9924 
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Fi伊re1 UPS of Lu-enωp釦IatedC82: (a) Cめ

(b) LU@C82(I)， (c) LU2@C82(II)， (d) LU2@CdIII)， 
(e) LU2C2@C82(II)， and (t) LU2C2@(III). 
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ESR Spectra of Bingel Mono-adducts of Gd⑧CS2 

OMakoto KanazumiJ)， Yuji Takematsuη， Takatsugu Wakahara刀， Takahiro Tsuchiyaペ
Ko Furukawa 1)， Takeshi Akasakaη， Tatsuhisa Kato J)* 

巧!DepartmentofChemistry， Josai Universif)ぅSakado350-0295， Japan，刀Centerfor 

Tsukuba Advanced Research Alliance， UniversiかQ灯sukubα"lbaraki 305-857スJapan，
。lnstitute戸rMolecular Science， Okazaki 444-8585， Japan， 

Two kinds of Bingel mono-adducts of Gd@C82 exhibited a sharp contrast on ESR 

spectra. The reaction of La@C82 with diethyl bromomalonate in the presence of base 

(the Bingel reaction) has generated five monoadductsl)，2). The Tsukuba group of the 

authors recent1y synthesized two mono-adducts of Gd@C82 which were well purified， 

mono-A and mono-E. ESR spectra of the adducts were obtained by using a high-field 

(W-band) ESR spectrometer at low temperature in solution， which show a remarkable 

contrast 

between 

spectrum of 

40奴10'
mon-A was 

unambiguously 

assigned to the 

spm state of 

S=7/2， and 

mono-E to 

S=3. 

一」
4設計争当
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References: 1) L. Feng et al.， J Am. Chem. Soc.， 127， 17136-17137 (2005). 2) L. Feng et al.， Chem. Eur. 

J， 12， 5578-5586 (2006). 
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Characterization of Alkali Endohedral Fullerene: 

The Aggregated Cluster Structure 

oHiroshi Okada
1
ぺKenjiOmote

1
ラ
YasuhikoKasama1， Kuniyoshi Yokoo1， Shoichi Ono1， 

Takamichi Miyazaki
2
， Mariko And02ぺHidekiMaekawa

3
， Kimio Akiyama4， 

Takashi Komur05， and Hiromi Tobita5 

lIdeα1 Star Inc. 
21CR Bldg，6-6-3AdiF10F71{yoshinGri，AobG-ku，sendoi989-32049Jopon 
Technical Division， Graduate School of Engineering， Tohoku University， 

Sendai 980-8579， Jcαrpan 
3Department of Metallurgy， Graduate School of Engineering， Tohoku Universi帆

Sendai980-857~Japan 
4Institute of Multidisciplinary Research戸rAdvanced Materials， Tohoku University， 

Sendai 980-857スJapan
5 Department of Chemistry， Graduαte School of Science， Tohoku University， 

Sendai 980-8578， Japαn 

In 1996， Campbell et al. reported for the first time the synthesis of an alkali endohedral 
fullerene Li@C60 using ion implantation technique [1] and described its extraction and 

purification [2]. They have investigated the properties of alkali endohedral fullerenes 

extensively (thermal stabi1ity， e1ectric conductivity， IR， Raman， ESR， etc.) [3]. However， the 
structural characterization has not been achieved yet. 
We have developed the mass production technique for Li@C60 using the reaction of 

empty C60 with Li plasma and have examined its extraction with organic solvents and 

characterization of the extracted product. 
The LDI-TOF MS spectrum ofthe extracted sample shows a strong molecular ion peak 

at m々 =727 (Figure 1). The ICP analysis of Li revealed that the sample contains 0.05-0.07 
wt% of Li. This result indicates that the Li@C60 molecules in the extracted sample 

aggregate with empty C60 molecules to form a c1uster structure formulated as (Li@C60)(C60)x 
(x = 12 ~ 20). The partic1e size of the extracted sample， 3-7 nm in diameter， determined by 
TEM (Transmission Electron Microscope) 

and DLS (Dynamic Light Scattering) in 

solution is consistent with the 

above-mentioned c1uster structure. 
In this poster， we report the extraction 

process for Li@C60 and analytical data for 

the extracted material. Its 'Li NMR and 
ESR spectra will also be discussed. 

OJ …←J弘一~~
710 730 

m/z = 743 (C6oLiO) 

五 在同時

750 [1] Campbell et a1.， Nature， 382， 407 (6590). 

[2] Campbell et al.， Appl. Phys.， A66， 293 (1998). 
mass/char田

[3] (a) Campbell et al.， Eur. Phys. J. D， 9， 345 (1999). 

(b) Campbell et al.， J. Phys. Chem. B， 107， 11290 

Figure 1. A mass spectrum of the extracted product 

(2003). (c) Campbell et al.， Solid State Communications， 133，499 (2005). 
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A Reversible Crystal Structural Transfonnation and 

Characterization of Pr@CS2 Metallofullerene. 

Structural 

Ryo Kitaura， Yutaka Kitamura， Eiji Nishibori， Shinobu Aoyagi， Makoto Sakata， Haruya 

Okimoto， Hisanori Shinohara会.

Endohedral metallofullerenes have attracted much attention during the past decade 

and added a new dimension to materials-directed physics and chemistry; properties and 

applications of these materials range from magnetism， photoluminescence， transport 

and mechanical properties， molecular switches， field effect transistors and drug 

deliveries.1， 2 M@C82 (M rare earth metal ions) is one of the most abundant 

metallofullerenes， where water-soluble Gd@C82 is a promising candidate for MRI 

contrast agents of next generation. Elucidation of molecular and packing structure of 

these metallofullerenes is essential to understand their properties and promote further 

applications. 

Synchrotron X-ray powder diffraction (SXRD) followed by MEMlRietveld analysis is 

one of the most powerful techniques to determine the structure of novel 

metallofullerenes. We have promoted systematic structural characterization 0ぱfM@C82 2 

me凶tallof白ullerenesusing the SXRD 

the structure of Eu， Gd， Ce， Dy and Er encapsulating M@C82 metallofullerenes. In this 

presentation， we will focus on Pr@C82 whose molecular and crystal structure is still 

unknown. 

Pr@C82 was synthesized by using arc-discharge and purified by high-performance 

liquid chromatography. By controlling temperature and growing speed of the sample 

preparation， we have prepared two crystals， one is monoclinic and the other is triclinic 

crystal system. Both of crystal structures were successfully determined by the 

MEM/Rietveld method. In the triclinic crystal， Pr@C82 molecules form 2-dimensional 

array separated by layers of toluene molecules， whereas 3-dimensional packing of 

Pr@C82 was formed in the monoclinic crystal. We also found that a reversible crystal 

structural transformation from the monoclinic to .triclinic structure occurs by exposing 

Pr@C82 crystals to toluene vapors. 

1. Kitaura， R. & Shinohara， H. Carbon-nanotube-based hybrid materiaIs: 

Nanopeapods. Chemistry-anAsian Journal1， 646-655 (2006). 

2. Shinohara， H. Endohedral metallofullerenes. Reports on Progress in Physics 63， 

843・892(2000). 
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Metallic Phase in Magnesium Fullerides 

OSatoshi Heguri， Nozomu Kimata， Mototada Kobayashi 

Department of Material Science， Graduαte School of Material Science 
Univeηity of砂ogo，Ako，}かogo678-129スJapan

The divalent magnesium ion Mg2
十

hasa small ionic radius. A large number of Mg2+ will be 

accommodated into fullerene lattice and it may be possible to control a doping level widely. 

We have reported structural and physical properties of magnesium fullerides MgxC70 [1，2]. 
The x-ray powder diffraction profile of magnesium saturated phase Mg5C70 is shown in Fig.l. 
It can be assigned to a simple orthorhombic structure with a=1.684， b=1.462 and c=1.384nm. 
The molar ratio x was determined by weight uptake measurement. Figure 2 shows the 
temperature dependence of the spin susceptibility of the Mg5C70 derived企omthe intensity of 
the ESR signal. The spin susceptibility was estimated to be 4.1 x 10-5 emu/mol at 300K. This 
value is one order smaller than those of typical metallic 白llerides.Mg5C70 was suggested to 
be insulating. 

We adopted thin film technique in order to reveal possible metallic phases. Evaporation 

technique may improve the diffusivity of magnesium into fullerene lattice. Pristine C70 film of 
100nm thickness was deposited on a glass substrate at 423K under high vacuum of the order 
of 10-'+ Pa. Mg metal was deposited onto the film in the evaporation chamber afterward. 

Electrical resistivity measurement was performed by four-probe method during the deposition. 
The substrate was maintained at 473K throughout the Mg deposition process. The 

composition x of MgxC70 film was estimated from the thickness ratio of Mg to C70・The

thickness was measured by using a quartz oscillator thickness monitor. Mg concentration 

dependence of the electrical resistivity for MgxC70 filmsラ togetherwith MgxC60， will be 
discussed at the meeting. 
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Fig.2. Temperature dependence of the spin 
susceptibility for Mg5C，o derived from ESR intensity. 

References: [1] S. Heguri et a1.， The 23rd Commemorative Fullerene&Nanotubes Symposium， 2p-84(2003). 

[2] S. Heguri et a1.， The 25th Commemorative Ful1erene&Nanotubes Symposium， 1P聞34(2004).
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Superconductivity in sodium fullerides NaxC60 

oNozomu KimataラSatoshiHeguri， and Mototada Kobayashi 

Department 01 Material Science， Graduate School 01 Material Science， 

Universiか01Hyogo， Ako，め!ogo678-129スJapan

The structure and physical properties of sodium fullerides NaxC60 are very interesting 

because they are different from those of other alkali-doped C60・Sincethe Na+ ion has a small 

ionic radius， NaxC60 with large x value can be expected. Yildirim et al. reported the synthesis 
ofNa97C60 with an face-centered cubic(fcc) structure and suggested the Na-saturated phase to 

be Na]] C6o[I]. Superconductivity in NaxC60 has not yet been found. We report here the resu1ts 
of structure and magnetic susceptibility and superconductivity for NaxC60・
Sodium doped fullerides were prepared仕omsublimed C60 powder with 99.95% purity 

(MTR Ltd.) and Na metal. The mixture of degassed C60 and Na metal was encapsulated into a 
stainless steel tube and sealed into a Pyrex grass tube after evacuating. Thermal treatments in 

a furnace were carried out at 723K for 192 hours. The molar composition x of products were 

determined by weight uptake measurement. 
The X-ray powder diffraction profiles for NaxC60 (6~x) at room temperature using MoKα 
radiation are shown in Fig.l. All profiles can be assigned to be a hexagonal lattice. Lattice 

parameters of NalO8C60 are a=1.023 and c=1.662 nm， respectively. Figure 2 shows the 
temperature dependence of the magnetic susceptibility for Nas.2C6o by using SQUID 

magnetometer. Clear superconducting transition was observed below Tc=14K. The magnitude 

of the flux exclusion for the zero-field-cooled curve corresponds to 0.5% volume仕action.

Details will be discussed at the meeting. 
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Fig.1 X“ray diffraction profiles for NaxC60 with 

x=Oム9and 11 by using MoKαradiation 

Fig.2 Temperature dependence of magnetic 

susceptibility for NaS.2C60 by using SQUID. 

[1) T.Yildirim， O.Zhou， J.E.Fischer， N.Bykovetz， R.A.Strongin， M.A.Cichy， A.B.Smith盟，C.L.Lin and 
R.Jelinek， Nature， 360， 568(1992). 

CorrespondingAuthor: Nozomu Kimata 
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Molecular beam epitaxy of copper phthalocyanine on C60 (111) surface 

H. Suzukiラy.Yarnashita， ON. Kojirna and M. Yarnaguchi 

Toyota TechnologicalInstitute， 2-12-1 Hisakαta， Tempaku， Nagoya 468-8511 Japan 

C60 and copper phthalocyanine (CuPc) are expected as a prospective cornbination to 

fabricate an organic solar cell with high conversion efficiencyラbecausethey have high carrier 
rnobility in organic serniconductors. So far， 5.7 % of conversion efficiency has been achieved 
by the cornbination [1]. However， separation and transport processes of carriers between C60 
and CuPc have been not c1ear yet. To analyze the processes precisely， it is necessary to 
prepare highly ordered CuPc/C60 structure. Molecular bearn epitaxy rnethod is a useful 

technique to fabricate such ordered structures. In this study， we selected a C60 (111) surface as 
a ternplate for epitaxial growth of CuPc. 

C60 (111) surfaces were prepared by MBE rnethod on c1eaved rnica substrates in an ultra 
high vacuurn charnber. The C60 (111) surfaces were evidenced by reflection high-energy 

electron dif企action.Continuouslyラ CuPcwas evaporated on the C60 (111) surfaces at 
60~ 160oC. After evaporation， the sarnples were rernoved frorn the charnber. Lattice constant 
and orientation of CuPc crystals were evaluated by x-ray diffraction (XRD) and surface 

rnorphology was observed by scanning electron rnicroscopy (SEM). 
Typical surface rnorphology of a CuPc crystal on C60 (111) is shown in Fig.1. For 

cornpansonラthaton a rnica substrate is also shown. In case of rnica， CuPc agglutinated each 
other and the bare rnica substrate was observed (white region in the figure). In case of C60， 
CuPc forrns fiber shape crystals and covered whole region of the surface. In addition， CuPc 
crystals were aligned along 3 directions equivalent to < 112> on C60 (111)ラalthoughfew fibers 
were dispersed randornly on the top of the surface. These results indicated that epitaxial CuPc 

crystals could be grown on C60 (111) by MBE. 

Fig.1: SEM irnages of CuPc crystals grown on rnica (left) and C60 (111) (right). 

References: [1] 1. Xue， et. al.， Appl. Phys. Lett.， 85 (2004) 5757 

Corresponding Author: H. Suzu此出ki，E 圃mail:ssk@tωoyota.かa-t聞べ.明町t孔ti札l.a叫cι.担， Tel&Fax: 十81-52-809-1830 
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Sub-millimeter long single-walled carbon nanotubes synthesis by alcohol 

enclosed catalytic chemical vapor deposition 

oYoshinobu Suzuki1
ラ
TomohiroShimazu 1， Hisayoshi Oshima 1， and Shigeo Maruyama

2 

1 Research Laboratories， DENSO Corporation 

500・1Minamiyama， Komenoki， Nisshin-shi， Aichi 470-0111， J.αpαn 

2匂Deψpα昨rt仰m臼仰ltofMechα仰niたcalEl昭1管gineeriげ綱ゴi的ngι;The 【UJ々!nIl

7界-3会-1Ho仰ng，伊0，Bunわ10四ku，おか0113・865丘Japan

To obtain longer vertically aligned single-walled carbon nanotube films using alcohol 

catalytic vapor deposition (ACCVD)[l]， we have developed a novel method. Using a 

conventional ACCVD system， ethanol vapor was filled up and enclosed in a reactor tube with 

Co/Mo catalysts formed on a quartz substrate during growth period. 

Comparing gas flow type ACCVDラgasenclosed type ACCVD increased the film thickness 

up to O.llmm for 30min growth. Gas elements during CVD were investigated by means of 

Fourier transform in企aredspectroscopy (FT-IR) and quadrupole mass spectrometer (QMAS). 

Ethanol was thermally decomposed into ethylene， acetylene， acetaldehyde， and water， and at 

CVD temperature. A possible mechanism for the increase of film thickness is suppression of 

carbon coating on catalystsby produced water and enhancement of SWNTs growth by new 

generated carbon sources such as ethylene. 

Fig.l A typical cross-s巴ctionSEM image and Raman 
spectrum excited by 488nm 1aser 
Growth conditions: enclosed initia1 pressure 2.7kPa at 
8400C for 30min 

120 • • 戸VnCM80 -
ω ω60 。
c 
き 40
開ー

4トー= 20 

20 40 60 80 100 
Growth time I min 

Fig.2 S¥¥明Tsfi1m thickness as a function of 
growth time. Gas enclosed conditions: initia1 
pressure 2.7kPa at 840oC. Gas flow conditions: 
Pressure 1.3kPa at 8400C 

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

385， 298 (2004) 

Corr巴spondingAuthor: Hisayoshi Oshima 

E-mai1: hoosima耐~rlab.denso.co.io Tel.: +81-56ト75-1860 Fax.: +81-561-75-1193 
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Growth Termination of CalもonNanotubes at Millimeter Thickness 

Due to Structural Change in Catalyst 

oShingo Morokuma¥ Kei Hasegawa¥ Suguru Nodal， Shigeo Maruyama2， Yukio Yamaguchil 

1 Dept. of Chemical今stemEngineering， The Uni・versityofToわ叫おわ10113-865丘Japan
ムDept.of Mechanical Engineering， The Unil 

The water-assisted growth method， so-cal1ed "supergrowth [1]"， realized millimeter-
thick vertically-aligned single“walled carbon nanotubes (VA-SWNTs). Later， it is reported 
that "supergrowth" rate decreases with reaction time and finally the growth terminates [2]. 

Our group recently reproduced "supergrowth" [3] and observed similar "supergrowth" 
termination within a few tens minutes. In this work， we analyzed substrate surface before and 
after CVD to clarify the mechanisms of catalyst deactivation. 

0.5-2-nnトthickFe catalyst was prepared on Ah03/Si02 substrate by sputtering method. 
After 10 minutes reduction of this catalyst under 27 kPa H2/ 0.010 kPa H201 Ar balance at 

atmospheric pressure， 8.0 kPa C2H4 was introduced and CVD was carried out at 1093 K for 
3-30 min. After removing CNT by oxidation in air at 1000 K， substrate surfaces were 
investigated by SEM and XPS. SEM images of substrate surfaces showed that the mean 

diameter of catalyst particles increased while number density of catalyst particles decreased 

with an increasing CVD time (Fig. 1). Fe/Al intensity ratio by XPS decreased with reaction 
time， and this change occurred quickly for thinner Fe (Fig. 2). The decrease in Fe/Al ratio is 
caused by the increase in Fe particle sIze rather than by the decrease in the amount ofFe. The 
coarsening of Fe particles during CVD is possibly the fundamental cause of the growth 

termination under our experimental conditions. More details will be reported. 
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Fig. 1 SEM images of 2 nm Fe/ Ab03/Si02 sample surfaces Fig. 2 Change of XPS intensity with 

a食erCVD for (a) 3 min and (b) 30 min. VA-CNTs were reduction/CVD time at 1093 K. Intensity 
removed by oxidizing under air at 1000 K. ratio was normalized by the initial value. 

References 

[1] K. Hata， et al.， Science， 306， 1362 (2004). 

[2] D. N. Futaba， et al.， PJザS.Rev. Lett.， 95， 056104 (2005). 
[3] S Noda， et al.， Jpn. 1. Appl. Phys.， 46， L399 (2007). 
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Single-Wall Carbon Nanotubes Grown from Size Controlled Rh/Pd and Co 

Nanoparticles by Catalyst-supported Chemical Vapor Deposition 

oKeita Kobayashi
1
， Ryo Kitaura

1
， Yoko Kumai

3
， Yasutomo Goto

3
， Shinji Inagaki

3 
and 

Hisanori Shinohara1，2 

1 Department of Chemistり7，Nagoya Universiか~ Nagoyα464-8062， Japan 
2Institute for Advanced Resωrch， Nagoya Universiか"and CREST/JST 
3Toyota Central R&D Labs.， Inc.， Nagakute， Aichi， 480-1192， Japan 

In chemical vapor deposition (CVD) growth of carbon nanotubes (CNTs)， preparation of 

slze幽controlledmetal catalyst nanoparticles is essential to realize diameter-controlled growth of CNTs; the 

diameter of CNTs depends on the size of catalyst nanoparticles employed. Mesoporous materials such as 

FSM-16 [1， 2] have ideal one-dimensional (1D) channels with a 

narrow size distribution， which provides suitable nano・sizedordered 

space to prepare regulated nano・sizedmetal particles [3]. In a 

previous study， we reported synthesis of single-wall carbon 

nanotubes (SWNTs) by catalyst-supported CVD (CCVD) using 

size-ordered Rh/Pd nanoparticles which are supported in 1D 

channels of FSM-16[ 4， 5]. The diameter of obtained S¥¥明Tsis 

smaller than the size of Rh/Pd nanoparticles (Fig. 1)， indicating that 

the diameter distribution of SWNTs depends not only on the size of 

catalyst particles but also on specimen of catalysts. Hereラwereport 

the growth of SWNTs by CCVD using size-controlled Co and Rh/Pd 

particles supported on the mesoporous materials. 

A mixture solution of RhCh/H2PdCb or CoCh.6H20 was 

used as a source of catalyst metals， which were mixed with a powder 

Figure 1. (a)TEM image and the of FSM-16. The RhCh/H2PdCh or CoCb'6H20ラ whichwere 

corresponding electron diffraction incorporated in 1D channel of FSM-16， were reduced by a high 

pattern (inset) of FSM-16 temperature H2 reaction. Prior to alcohol CCVD， the Rh/Pd particles 

impregnating size-ordered Rh/Pd were treated at 1173 K in air to enhance the catalyst activity [6]. The 

particles (b)酌picalTEM image of the alcohol CCVD was carried out at 1173 K under an Ar gas flow. 

SWNTs obtaining after CCVD Obtained SWNTs were characterized by TEM observations and 

Raman spectroscopy. 

We will discuss the correlation between the diameter distribution of SWNTs and size of catalyst 

metal nanoparticles. 

[1] T. Yanagisawa et al.， Bull. Chem. Soc.み'n.，63， 988 (1990). 
[2] S. Inagaki et al.， Chθm. Commun.， 680 (1993). 

[3] A. Fukuoka et al.， Microporous Mesoporous Mat.， 48， 171 (2001). 

[4] K. Kobayashi et al.，丹'Oc.32nd Full11erene nanotubθ's symposium， 397 (2006). 
[5] K. Kobayashi et al.， in preparation. 

[6] D. Takagi et al.，人弘noLett.， 6， 2642 (2006). 
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Synthesis of small diameter SWNTs 

by ACCVD method using platinum as catalyst 

OKeisuke Urata¥Sinzo Suzuke，Hirosi Nagasawa3，and Yohji Achiba1 

1 Department 01 Chemistry，おかoMetropolitan University，おか0192-039スJapan
2 Department 01 Physics，めotoSangyo Universiか~ Kyoto 603-8555， Japan 

3 Life Science System Division， EBARA Corporation， 

Kanagawa 251-8502， Japan， 

It is well known that ambient temperah汀e，carbon source materials， and the kind of catalyst 
are important parameters for controlling the production of SWNTs. Actually， so far we have 
reported that platinum catalyst gives rise to very narrow diameter distribution of SWNTs [1]. 

The diameter distribution was also found to be very much dependent on the pore size of the 

porous glass used as a supported material [1，2]. In this presentation， the effect of a1cohol 
pressure (density of carbon supply) on the diameter distribution of SWNTs was carefully 

investigated by means of so called a1cohol-CCVD (ACCVD) method. 
The SWNTs samples were synthesized by ACCVD method using ethanol as carbon source， 
and platinum was used as a catalyst deposited on PG. The ambient temperature and an inner 
pressure of ethanol were systematically changed with the aim of synthesizing the smaller and 

the narrower diameter distributions of SWNTs. The obtained SWNTs were analyzed by TEM， 
Raman spectroscopy， and fluorescence spectroscopy. Typical example of Raman spectra are 
shown in Figs.l (a) and (b). Under the higher pressure condition， the average diameter of 
S¥¥明Tsample tends to shifts to the larger one， but the lower pressure condition results in the 
production of the SWNTs with the smaller diameter， peaking at 311cm-1(6，5) and 
370cm-1(5，4). Furthermore， it was also found that the relative ratio ofthese two peaks changes 
by changing the ambient temperature. 
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with different pressure of ethanol. (488nm) 
References:[I] K. Urata et al.， The 31 th Fullerene-Nanotubes General Symposium， lP-30 (2006). 

[2] Y.Aoki et al.， Chem. Lett.， 562， 34(2005) 
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Efficient growth of double-walled carbon nanotube by CVD 

using a mixed catalyst Fe/Co/Mo with MgO supporter 

ORyoji Naito1， Toshiya Murakami1， Yuki Hasebe1， Kenji Kisoda2， Koji Nishio1， 
Toshiyuki Isshiki 1 and Hiroshi Harima 1 

lDepartment of Electronics， Kyoto Institute ofTechnology， Kyoto 606-8585， J.αrpan 

2 Physics Department，野akayamαUniversity，Wakayamα640-8510， Japan 

Double-walled carbon nanotubes (D¥¥明T)have great potential for future nm-sized 
devices due to their robustness and quasi one-dimensionality. It is， however， very difficult to 
grow DWNT selectively in an efficient manner. We have already reported the growth of high 
purity DWNT by chemical vapor deposition (CVD) using孔190as a supporting material and 
Fe/Co/Mo as a catalyst.[l] Here we studied in more detail to find the key parameters for 
growing DWNT and discussed the growth mechanism. 
The DWNT sample was grown by CVD at 850 oC using n-hexane as a carbon source. 

They were purified by post-oxidation in air at 7000C to remove single-walled carbon 
nanotubes (SWNT) and other carbon impurities. Here we tested various catalyst compositions 
between Fe， Co and Mo， and also compared catalyst supporting materials between MgO， Si02 
andAh03・
As a resultラwefound that DWNTs grew only on MgO， and mixed catalysts of Co/Mo， 

Fe/Mo and Fe/Co/Mo worked more efficiently than any single elemental catalyst. In the case 
of temary mixtureラFe/Co/Mo，the Mo concentration greatly affected the DWNT content in 
the as-grown samples. As shown by TEM images in Fig.l， DWNT grew more efficiently for 
composition ofFe/Co/Mo=1I1I5.5 wt% (b) than for 11111.8 wt% (a). All these resu1ts suggest 
important role ofMo， and we may optimize the Mo content for efficient growth ofD¥¥明T.

Figure 1. TEM images of as-grown samples for (a) Fe/CoIM0=1I1I1.8wt% and 
(b) Fe/Co/Mo=1I1I5.5wt%. Insets are histograms of wall numbers of observed 
nanotubes; 1 for SWNT， 2 for DWNT， and so on. Symbols “S" and “D" indicate 
SWNT and DWNT， respectively. 

[1] K. Matsumoto， T. Murakami， T. Isshiki， K. Kisoda and H. Harin耽 Diamondand Related Materials， 16 
(2007) 1188. 
Corresponding Author: Ryoji Naito 
TEL:十81-75-724-7417，E-mai1: m7621018@edu.kit.ac.jp 
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Purification of SWNTs fabricated by hydrogen DC arc discharge 

o B. Chena， T. Suzukia， X. Zhaoa， S. Inouea， T. Hashimotob， and Y. Andoa 

ワFtCOE Program "Nano FactoηH， Depαrtment of Material Science & Engineering， 

Meijo Universiか"Tenpαku-ku， Nagoya 468-850之Jαp仰

b Meijo Nano Carbon Co.， Ltd.， Naka-ku， Nagoya 460幽0002Japan 

Single-wal1ed carbon nanotubes (SWNTs) with high crystal1ization have been 

synthesized by a hydrogen DC arc discharge with evaporation of carbon anode 

containing lat% Fe catalyst in HγAr mixture gas[ 1]. It is also very clear that some 

impurities such as metal particles and amorphous carbon coexist in the SWNTs soot. In 

order to obtain high quality of SWNTs， various purification methods have been 

attempted. As we know.ラ ref1uxingby H202 is an 

efficient method for SWNTs purification. However， it 

is necessary to use a lot of toxic H202 and take a long 

time. In this study， a high-pressure microreactor has 

been utilized instead of ref1uxing instrument. 

Therefore， even with a little H202 by shorter time， the 

purification of SWNTs can be efficiently realized. 

The purified SWNTs have been confirmed by 

scanning electron microscopy (SEM， as shown in Fig. 

1) and transmission electron microscopy (TEM， as 

shown in Fig. 2). 

By the result of thermogravimetric analysis (TGA)， 

it is known that Fe particles are almost near to zero. 

After the purification， the nitrogen cryo-adsorption 

isotherms have been measured. The specific surface 

area (SSA) of purified SWNTs calculated using the 

Brunauer-Emmett-Tel1er is about two times as large 

as that of as-grown SWNTs. 

Reference: [1) X. Zhao， et al吋 Chem.Phys. Lett.， 373， 266・271(2003) 

Corresponding Author: Beibei Chen 
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One-step Synthesis of Aligned Carbon N anotubes 

in Liquid Phase 

oKiyofumi Yamagiwa， Masafumi Mikami， Tsuneharu Takeuchi， Yoshihiro Yamaguchi， 

Yuriko Iwao， Morihiro Saito， Jun Kuwano 

Dψαrtment of lndustrial Chemistry， Faculty ofEngineering，おかoUniversity of Science， 
12-1 Ichigayqβmagawara-cho， Shinjuku-ku， Toか0162-082丘Japan

Ando et al. have recent1y reported the liquid-phase synthesis of highly aligned carbon 
nanotubes (CNTs) by resistance heating of a small Si substrate in liquid organic compounds 
[1，2]. However， the Fe metal catalyst was deposited on the substrate by a vacuum process， 
namely sputtering. The whole process thus consisted of two-step processes. 
In this study， we have developed a novel one-step process for liquid-phase synthesis of 
highly aligned CNTs[3，4]. We used the substrate of stainless steel (SUS304) and 
homogeneously dissolved cobaltocene Co(CSHS)2 in alcohols as a catalyst source. 
Commercially available stainless steel (SUS304) substrates were used without any surface 
treatments. The substrate (5 x 25 x 0.1 mm3) was heated at 8000C for 15 min in an alcohol 
(200 ml) by applying a direct current. Straight-chain primary alcohol with nc= 1-6 (nc: the 
number of carbon atoms)ラ 1，2-ethanediol，cyclohexanol and tert-butanol were used as a 
carbon source to examine the effects of the molecular structures on the morphologies and 
alignment of CNTs. 

Fig. 1 shows a SEM image of highly aligned CNTs prepared from methanol containing 
cobaltocene. Vertically aligned multi-walled 
CNTs were grown on the stainless steel 
substrates in all the alcohols except 
1，2-ethanediol and tert-butanol. Methanol 
brought the best purity and alignment of 
CNTs of all the alcohols. A large amount of 
amorphous carbon and irregularly deposited 
CNTs were prepared from 1，2-ethanediol. 
Onlya small amount of amorphous carbon 
was prepared仕omtert-butanol. 
Distinctive features of this method are 
simple， low cost and a one-step process 
involving none of vacuum processes and 
catalyst preparation processes. 

Fig. 1. SEM image of highly aligned CNTs prepared 

企ommethanol containing cobaltocene. 

[1] Y. F. Zhang， M. N. Gamo， C. Y. Xiao and T. Ando， Physica B， 323， 293 (2002). 
[2] Y. F. Zhang， M. N. Gamo， C. Y. Xiao and T. Ando，やn.J. Appl. Phys， 41， L411 (2002). 
[3] K. Yamagiwa et al.， Key Eng. Mater. ， in press. 
[4] M. Mikami et al.， Key Eng. Mater. ， in press. 
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Controlling diameter distribution of SWNTs by refining 

temperature gradient in laser ablation method 

o T. N akayama 1， Y Tsuruoka 1， S. Suzuki 1，2， Y Achiba 1 

lD々partment01 Chemistη，おかoM旨tropolitanUniversit)うおか0192-039スJapan
2 Department 01 Physics，めotoSαngyoUniversiか~Kyoto 603-8555， Japan 

In the case ofthe laser ablation-fumace method， properly choosing the fumace tempera制民the
kinds of ambient gas as well as catalyst has been found to be important factors by which a specific 

SWNT with a very narrow diameter dis仕ibutionand/or a limited number of chiral structures is 

selectively produced [1]. In order to find the betler condition for the production of the SWNT with 

a specific chiral index ((6，5) tubeラforexample)ラinthe present work， we intended to understand 
the effect of temperature history of the plume (a vapor cloud of network forming carbons) after 

laser irradiation， particularly placing special atlention to the temporal change of the e旺ective
temperature resulting from the time and spatial evolution of the plume which immediately starts to 

move after ablation and continues for several hundreds millisecond， or in some cases， even for the 
mmute time range. 

Since there is a distinct tempera加regradient inside a 白mace(maximum 100
0c between center 

and inlet or outlet)， it is obvious that by changing the position of the laser ablation target (graphite 
rod) ， we are able to make the condition so that the plume would have di旺erenttemperature 
experience during仕avelinginside the fumace. For example， when the target is arranged close to 
exit of the fumace， the resulting plume travels in the ambience of the temperature from low to 
high within 1-2 ms， and then it stays for a while in the ambience at high temperature with in 10-20 
ms， and finally slowly moves to the lower temperature by taking several seconds. 
Figure 1 shows Raman spectra of the raw (8，5) (6，5) 
soot col1ected at the outlet area of the白mace
by changing the position of the target inside 

the fumace from -4白nmω+140mm (here， 
we de血lezero position as the center of the 

fumace and + means the distance from the 
center to the out1et direction， -， the inlet 
direction). Figure 2 shows plots of intensity 

oftwope北sat 26Ocm-1 (8，5) (solid line) and 
31Ocm-
1 
(6，5) (broken line) in Fig. 1 as a 

function of the position of the target. The 

detailed results and discussion will be shown 

in the symposium. 

[1] Y. Tsuruoka et al.， The 31 st Fullerene-Nanotubes 

Genera1 Symposium， 2P-28 (2006) 
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Matching between Reaction and Catalyst Conditions 

in Growing VA-SWNTs by ACCVD 

oHisashi Sugime1， Suguru Noda1， Shigeo Maruyama2 and Yukio Yamaguchi 1 

IDept. ofChemical System EngineerinιThe University ofToわ叫おわ叫113-8656，Japan 
2Dept. of Mechanical Engineering， The University ofTokyo，あわ叫 113-865丘Japan

In the direct growth of SWNTs on substrates by CVD methods， preparation of the 
catalyst nanopartic1es is a crucial issue. Co嗣Mobinary catalysts effectively grow SWNTs 
either from CO [1] or from alcohol [2]. However， different values are reported as the optimum 
Co/Mo atomic ratio; 1/3 for the former [1] and 1.6/1 for the latter [2]. The structure of catalyst 

nanoparticles should be determined not only by the composition but also by the amount of 

catalyst metals， and optimum conditions should depend on the CVD conditions. 
In this study， SWNT growth by alcohol catalytic CVD with Co-Mo catalyst was 

systematically investigated， by mapping the SWNT yield against the orthogonal gradient 

thickness profiles of Co and Mo [3]. Vertically-aligned SWNT forests grew in 10 minutes at 

several regions inc1uding Co/Mo ratios of 113 and 1.6/1 mentioned above. The temperature for 
catalyst reduction before CVD did not affect the regions for forests so much compared to the 

temperature for CVD. Maximum heights of forests were about 30μm either at 1123 K or 

1023 K under different catalyst conditions. Figure 1 shows TEM images of the as幽grown

SWNTs obtained under the optimum condition and histograms of their diameter distribution. 

SWNTs had a monomodal diameter distribution when they were grown by Co-Mo catalyst at 

1123 K， on the other hand it had bimodal distribution when they were grown by Co catalyst at 
1023 K. The bimodal distribution was possibly caused by the bimodal size distribution of 
catalyst partic1es evolved by Ostwald ripening process during CVD. 
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[1] J. E. Herrera， L. Balzano， A. Borgna， W. E. Alvarez and D. E. Resasco， J. CataI. 204， 129 (2001). 

[2] M. Hu， Y. Murakami， M. Ogura， S. Maruyama and T. Okubo， 1. CataI. 225，230 (2004). 
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Influence of residual acetylene gas on growth of brush酬shapedcarbon 

nanotubes 
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1， Lujun Pan 1， Seiji Akita 1 and Yoshikazu Nakayama2 
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2 Department 01 Mechanical Engineering， Graduate School 01 Engineering， 
Osaka University， ~αrpan 

Abstract: Brush-shaped carbon nanotubes (CNTs) are expected to 
have wide applications due to their structural anisotropy. It is 
important to control the gas components in the whole process of 
CVD， especially in the heating process. In this report， we have 
investigated the effect of a small amount of residual C2H2 in the gas 
system on the formation of the catalyst particlesヲwhichresu1ts in 
the different states of CNTs growth. 
Iron filrns with a thickness of 4 nrn deposited on the Si02/Si 

substrates were used as catalyst. The sarnples were heated frorn 
Fi2:.1 AFM ima2:e of tr room temperat附 to 700

0

C at a 悶削t旬e0ぱf2初OOC/組釘rn註1m

atrnosphere， where a srnall of C2H2 resident in the gas supplying ~~h'~-~~~';~;ìi a~o~; 
system was monitored by a quardrupole mass spectrometer of acetylene. 
(QMS). After holding the temperature at 700

0

C for 2 min， C2H2 
with a flow rate of 15 sccm were introduced in the charnber for 10 
min for the growth of CNTs. 

Figure 1 shows the AFM image of Fe particles on substrate after 
heating to 700

0

C in He atmosphere， during which the amount of 
acetylene is extrernely srnall (below the detectable level of QMS). 
It is found that there are two kinds of particles formed in this 
process. One kind is the relatively large particles with an average 
diameter of 40 nrn and the other kind is the particles with an 
average diameter of tens of nanometer. With the increase of the 
amount of residual C2H2 (Maxirnum 8.7 cc)， as shown in Fig. 2， the 
number of larger particles is largely increased. After CVD， the 
length and density of CNTs grown by the catalyst of Fig. 1 (about 
l1O!lrn and 25mg/crn3) are larger than those by the catalyst of Fig. 2 (about 100μrn and 
20mg/crn3). It is considered that the formation of large sized particles is by the adoption the 
carbon 企ornthe residual C2H2 during the heating process， which may cause the reduction of 
the catalyst activities for the growth of CNTs. The CNTs are considered to be grown only 
from the smaller sized Fe particles without poisoned by the residual C2H2 gas. The increase of 
the amount of residual C2H2 would result in the decreasing of the nurnber of srnaller sized Fe 
particles and hence decreasing the density of the grown CNTs， which is evidence by the 
experimental resu1ts. These results suggest that the states of grown CNTs can be controlled by 
the heating conditions with an addition of a small amount of reaction gas. 
Acknowledgement: This work was partial¥y supported by the Osaka Prefecture Col 
for the Advancement ofTechnological Excellence， JST. 
Corresponding Author しPan
ιmail pan@pe.osakafu-u.ac.jp Tel&Fax +81・72-254・9265
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In situ photoelectron spectroscopy study of metal catalysts for carbon 

nanotube growth by low-pressure ethanol CVD 

OFumihiko Maeda， Satoru Suzuki， and Yoshihiro Kobayashi 
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Morinosato-Wakamiya， Atsugi-shi， Kanagawa 243-0198， Japan 

Though metal catalysts play an important role in the growth of carbon nanotubes (CNTs)， 
we do not have a clear understanding of the chemical and physical states of catalysts during 
CVD. Therefore， we have been investigating these states using in situ x-ray photoelectron 
spectroscopy (XPS) [1]. A real-time analysis is desirable but is technically difficult. Therefore， 
in this work， we looked at the reaction product of the catalyst nanoparticles obtained after 
CVD by analyzing the surface in situ in a stable state in an ultra-high vacuum. 
Si substrates with a thin Si02 layer were used. We prepared two samples. For one， Co 

was deposited in a growth chamber，ラ followedby the CNT growth without exposure to air 
(metallic sample). The other sample was exposed to air to oxidize a Co thin film after the 
deposition (oxidized sample). The samples were heated at 6000C in an ethanol ambient with a 
pressure of ~O.05 To汀.Then， the as-grown surfaces were analyzed by in situ XPS without 
exposure to air. 
The Co 2p spectra ofthe metallic sample (right) and oxidized sample (left) are shown in 

Fig. 1. From these spectra， we found that， in the metallic sampleラtheCo remained in the 
metallic state after the CNT growth process. For the oxidized sample， Co oxide was reduced 
during the annealing process， resulting in a spectrum identical to that of the metallic sample. 
1n C ls， after the CNT growth in both samples， no peak was found at the binding energy 
corresponding to Co carbideラbutasymmetric single peaks were observed， which are attributed 
to graphite or amo叩houscarbon. These results indicate that the oxide state and the state 
involving carbon are not stable but that the metallic state is stable for Co under this CNT 
growth condition. Meanwhile， the intensity of C ls of the metallic sample was much larger 
than that of the oxidized sample， although the density of CNTs is too small to explain this C 
ls intensity. Here， Co nanoparticles and CNTs covered with thick films were observed in a 
SEM image. Thus， the high intensity is ascribed to this thick film， i.e.， the thick graphitic film 
adheres to the CNTs and Co nanoparticles. Since the CNT growth yield for the metallic 
sample was larger than that for the oxidized sample， these results suggest that a high growth 
yield was obtained as the result of the high efficiency of the decomposition of ethanol by the 
metallic Co. 
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Plan-viewed TEM observation of carbon nanotubes and catalyst particles 
and evaluation of catalyst activity for SWNT growth 

:つYukiHasebe1ラToshiyaMurakarni 
1
ラKenjiKisoda

2
ラ日iroshiHarirna 

1， 
Koji Nishio1 and Toshiyuki Isshiki1 

1 Department of Electronics，めotoInstitute ofTechnology，めloto606-8585， ~αrpan 
2Physics Department， WakαryamαUniversiか砂nkαryama640-8510， Japan 

Chernical vapor deposition (CVD) is a conventional technique for growth of carbon 

nanotubes on various substrates. Optirnizing catalyst species and their diarneter for each 

substrate are rnuch irnportant to grow carbon nanotubes efficiently with controlling their 

chirality. We have investigated the relation between nanotubes and catalyst particles on 

substrates after CVD process by transrnission electron rnicroscopy (TEM) [1]. 
Before loading catalyst source， a substrate was processed enough thin to observe by 

TEM. The substrate was dipped in ethanol solution dispersed catalyst， and then was dried in 
air. CVD was carried out at 800

0

C using ethanol as a carbon source. As-grown sarnple was 

irnrnediately observed by TEM without any process. This sarnple preparation technique rnakes 

possible to observe SWNTs and catalyst particles on substrate sirnultaneously. 
Figure 1 shows a TEM irnage of as-grown sarnple with Co catalyst on thin Si02 

substrate. Single-walled carbon nanotubes (SWNTs) and catalyst particles (dark spots) were 

clearly observed on the substrate. No rnulti-walled carbon nanotubes were observed. The 

diarneter distribution of S\\弓~Ts and catalyst particles is shown in Fig. 2. The rnean diarneter 
of Co particles (~3.5 nrn) was significantly larger than that of SWNTs (~1.5 nrn). This 
difference indicates that activity of catalyst drastically decreased as increasing the diarneter of 

Co particles. In the present growth， the ratio of Co particles effective for SWNTs growth to 
arnount of Co particles was only around 10% in particle nurnber二Itis expected that the ratio 
of the active particles will increase by controlling CVD pararneters as the rnean diarneter of 

Co particles will be suppressed around 2nrn equal to diarneter of growing S¥¥明τs.
[1] T. Murakarni et al.ヲ J.Applied Physics， 
100(9) 094303・1-094303-4
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Discontinuous Change in Carbon Nanotubes 

CausedむyContinuous Change in Catalyst Nominal Thickness 

OKazunori Kakehi 1， Suguru Noda 1， Shigeo Maruyama2 and Yukio Yamaguchi I 

1 Dept. of ChemicalめJstemEngineering， The University ofToわ収おか0113・865丘Jαrpan
ぷDept.of Mechanical Engineering， The University ofToわ叫おか0113ω8656，)ψm

Controlled growth of single-walled carbon nanotubes (SWNTs) on substrates is 
crucial for many of their device applications. SWNT growth is largely dependent on both 
catalyst conditions (element of catalyst， diameter， etc.) and reaction conditions (source of 
carbon， temperature， pressureラ etc.).Effects of these conditions interact with each other 
complicatedly. 

Previously， we prepared a thickness profile of Co on a Si02/Si substrate [1] and that 
of Ni on quartz glass substrate [2] by our ‘combinatorial masked deposition (CMD)' method 
[3]， carried out alcohol catalytic CVD (ACCVD) [4]， and grew SWNTs by metal nanoparticle 
catalysts spontaneously forming仕omnominal monolayers of metal. The thickness profiles 
formed by this method enable preparation of a series of nanoparticles with various sizes and 
areal densities on one substrate. Thus we can investigate influence of reaction and catalyst 
conditions systematically. 

In this work， we studied the relationship between the structure of catalyst and that of 
growing nanotubes by preparing a gradient thickness profile (about 0.06-3.5 nm) of Co by 
using CMD method and by growing carbon nanotubes (CNTs) by ACCVD at 873-1l23K. At 
973K， two active regions appeared with an inactive region in between. SWNTs mainly grew 
at a thin Co region (~ 0.1 nm， Fig. (a))， small amount of short CNTs grew at a medium region 
(~0.4 nm， Fig. (b))， and multi-walled carbon nanotubes grew at a thick region (~ 1.5 nm， Fig. 
(c)). In the medium region， the dissolution of carbon into catalysts and the precipitation of 
carbon as CNTs from them may be unbalanced and the growth may not be sustainable. 

Fig. Plan嗣viewFE-SEM images ofCNTs at the nominal Co thickness of(a) 0.13， (b) 0.29 and 
(c) 0.92 nm. Al1 images are in the same scale and the scale bar is 100 nm. 

[1] S. Noda， et al叶 Appl.Phys. Le抗.86， 173106 (2005). [2] K. Kakehi， et al.， Chem. Phys. Lett. 428， 381 (2006). 
[3] S. Noda， et al.， App1. Surf. Sci. 225， 372 (2004). [4] S. Maruyama， et al.， Chem. Phys. Lett. 360， 229 (2002). 
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Close-Open-Close Evolution of Holes in Single-Wall Carbon N anohorns 

Caused by Heat Treatment 

o Jing Fan1， Masako Yudasaka1ぺJinMiyawaki 
1
， Ryota Yuge2， 

Takazumi Kawai2， Sumio 1討imalム3

1) SORST/JST， NEC Corporation， 34 Miyukig，αoka， Tsukuba 305-8501， Japan 

2) NEC Corporation， 34 M砂ukigαokα，Tsukuba 305-8501， Japan 

3)M吋iOUniversi帆 1-501Shiogamaguchi， Tenpaku-ku， Nagoya 468-8502， Japan 

Experimental results and theoretical calculations indicated that the holes at the tips of 

single-wall carbon nanohoms (SWNHs) can be closed by heating treatment of 1200 oc in Ar 
atmosphere [1]. We have examined the effect of heating temperatures (HT 600~ 12000C) on 
closing ofthe hole of SWNHs opened at different oxidizing temperatures (Tox 350~ 5500C) . 
it was found that the number of closed holes increased with the HT temperaれlfe.When Tox 

was higher than 500oC， the hole closing mainly occurred at HT 1200oC. In this study， we 
further investigated the hole closing rate of SWNHs by changing the heating periods. 

To open the holes， SWNHs were oxidized in flowing air by slow combustion method [2] 
(NHox) with various target temperatures (Tox 300~ 5000C). For closing the holes， NHox was 
heat回treatedat 12000C in Ar for O~ 3 h. The hole closing was examined by measuring 
xylene-adsorption quantity using thermogravimetric equipment. As a result， we found that the 
holes show the tendency of closing with HT duration period. However， we also noticed that 
the closed holes were once again opened during HT， which will be explained in the 
presentation. 
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[1] J. Miyawaki et al.，. J. Phys. Chem. C 111 (2007) 1553-5. 

[2] J. Fan et al.， J. Phys. Chem. B 110 (2006) 1587・91.
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Modification of cisplatin-incorporated single-wall carbon nanohorns to 

release cisplatin slowly 

o Kumiko Ajima1， Masako Yudasaka1，2 ， Tatsuya Murakami3， Minfang Zhang1 and 
Sumio Iijima1ム

4

lJST/SORST， C/O NEC， 34 Miyukigaoka， Tsukuba， lbaraki 305-8501， Japan 
32NEC934M}ytikigGOKα， Tsukuba， lbaraki 305-8501， Japan 
Fujita Health Universi肌1・98Dengakug，αkubo， Kutsukake-cho， Toyoake， Aichi 470-1192， 

J呼)an
4Meijo Univ.， 1-501 Shiogamaguchi， Tenpaku， Nagoya 468-8502， Japαn 

We have been studying applications of single-wall carbon nanohoms (NH) to drug 

delivery systems (DDS). Previous experiments showed that cisplatin (CDDP)， an anticancer 

drug， could be incorporated into NH by the precipitation method using H20， and that the 

CDDP released from CDDP-incorporated NH (CDDP@NH) showed strong 

anticancer-effects against human-lung cancer cell in vitro. ln vivo anticancer effect of 

CDDP@NH was also confirmed using tumor-bearing nude-mice. 

To apply CDDP@NH to DDS， release rate of CDDP from CDDP@NH needs to be 

slow; however， CDDP was quickly released from the as-prepared CDDP@NH in 

phosphate-buffered saline (PBS). We show in this report that the surface modification of 

NH of CDDP@NH is effective to make the CDDP release slow. Several modification 

methods were examined using various materials such as bovine serum albumin， 

polyethylene glycol (PEG)， PEG-doxorubicin， lactic acid， and benzoic acid. The 

modifications by these materials also enhance dispersibi1ity of CDDP@NH in H20. The 

materials were solved in a small amount of H20 and mixed with CDDP@NH powders. The 

small amount of H20 was indispensable because the CDDP in CDDP@NH easily went out 

in H20. After the mixture， x-ray difi仕actionswere measured to check whether the CDDP 

crystals exist outside NH. The CDDP clusters remained in CDDP@NH were checked with 

high-resolution transmission elec仕on-microscopy.Then the release rates of CDDP from 

CDDP@NH in PBS were measured by dialysis method. The quantities of released CDDP 

were measured by atomic absorption spectroscopy. 

We will discuss about the release rates of CDDP from CDDP@NH depending on the 

NH -surface modification materials. 

Corresponding author: Kumiko Ajima， Masako Yudasaka 
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Folate-Receptor Mediated Uptake of Single-Walled Carbon Nanohorns 

by Cultured Cancer Cells 

oJin Miyawaki
1
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へ
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Hirohide Sawada2， Kunihiro Tsuchida2， and Surnio 町imalム4

21JS17SORSE C/o NEC934Miytikigαoka， Tsukuba，lbaraki305-8501，Japαn 
FザitaHealth University， 1-98 Dengakugakubo， Kutsukake， Toyoαke， Aichi 470-1192， Japan 
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Drug carrying ability [1，2] and low toxicity [3] of single-walled carbon nanohoms 

(S¥¥明Hs)[4] present their potential usage as a drug delivery carrier. To rnaxirnize therapeutic 

efficiency and reduce adverse side effects， however， targeted de1ivery of drugs to diseased 

sites is crucial issue. It is known that rnany hurnan cancer cells significantly overexpress 

receptors for vitarnin folic acid (FA) on their surface rnernbranes [5]， thus conjugation with 

FA is considerably prornising for the selective delivery of SWNHs to the cancer cells. Herein， 

we dernonstrate preferential uptake ofthe FA-labeled SWNHs into cultured cancer cells. 

To increase dispersibility in physiologic solutions， SWNHs were first rnodified with 

fluorescently labeled protein BSA (BSA-NH) [6]， and then， FA was covalently attached to 

BSA-NH via carbodiirnide-activated arnidation (FA-BSA-NH). The KB hurnan cancer cells， 

derived frorn an epiderrnal carcinorna of oral cavity， were cultured in folate-free rnediurn. 

Following 24-h incubation of the KB cells with FA-BSA-NH or BSA冒NH，the cellular 

uptakes were investigated by confocal laser scanning rnicroscopy and flow cytornetry. Both 

analyses showed that the uptake of FA-BSA-NH by the KB cells was preferential as 

cornpared with that of BSA-NH. On the other hand， no difference in uptake quantity was 

observed between FA-呂.

arnount of the F A receptωors. These results indicate that the chernical rnodification of SWNHs 

with FA enabled selective delivery of S¥¥明Hsto the cancer cells having the folate receptors. 

References: 
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Boron doped Nanohom Aggregates Produced by means of Arc Discharge 
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Nanohom (NH) aggregates can be produced by the vaporization ofthe carbon rod using the arc 

discharge with a power density of ~5 kW/cm2 [1]. NH aggregates thus prepared have rather small 

diameter than those produced by the laser vaporization [2]. In the previous study， we examined to 

produce the boron nano-particles deposited on the NH aggregates by the arc-vaporization ofboron 

containing rod [3]. As results， when the NHs were prepared from 30 % of boron containing rod， 

we succeeded to observe企equentlythe boron particles depositing on the NHs. However， the 

NHs from the lower concentration of boron containing rod， we could not observe obvious change 

in the morphological structures ofNHs as compared with those from the pure carbon rod. In the 

present study， we examined the temperature dependence on the electrical conduction for the NHs 

prepared from the low concentrations ofboron containing rod. 

Electrical resistance was measured for the 

pellet formed NH aggregates with 4-probes 

method. Results of the tempera印redependence 1000 

on the electrical resistance are shown in Fig. 1. 

From this figure， we can find that the electrical 

conduction is govemed by the 3 dimensional 

Mott's variable range hopping (3D-VRH) 

mechanism， and the characteristic tempera加reTo 
for each sample is systematically changed in 

accordance with the change of boron 

concentration in the carbon rod. Furthermoreラ

it was found that the heat-processes for opening 

the nano-windows do not significantly modify 

the valu of To・ Accordingto the transmission 

and scanning electron microscopy observations， 

we concluded that the localization lengths for 

3D四VRH un-change between the samples. 

Because NH aggregates have almost the same in 

size (see Fig. 2). Therefore， the change in To 
should be resultant from the change in the 

electronic DOS of NHs， suggesting the boron 

doping to the nanohom wall. 

To=43X104kd〆
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Fig. 1. Temperature and boron 
depend巴nceson the electrical resistivity. 

concentratlOn 

Fig. 2. TEM images of(a) BONH and (b) B3NH 
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Electron microscopy study of nanohorn tip structure damaging with 

hydrogen peroxide treatment 
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Amorphous carbon can be removed from nano・carbonmateria1s by the mi1d combustion in oxygen 

flux at around 4000C. However， this combustion method on1y works well for the nano-carbon materia1s 

10cating at the interfacia1 region with gas flux. In addition， during the combustion， the surfaces of the 

nano-carbon materia1s such as nanotubes and nanohoms receive serious damage， and sometimes their 

structures were comp1ete1y destroyed. 

In the prese凶 study，we used aqueous solution of hydrogen peroxide (30 %) for removing the 

amorphous carbon from the nanohoms and for opening the nano-windows on the nanohom wall. First 

experimenta1 evidence for opening the nano-windows by using hydrogen peroxide was carried out in 2002 

by Bekyarova et al [1]. They found the effective opening of the nano-windows on the nanohom wa11. 

Although this 1iquid phase method for purifシingthe nano・carbonmateria1s and a1so opening the 

nano・windowshas a merit of homogenous chemica1 reaction all around the samp1e， the detai1s on the 10ca1 

structura1 changes around the nanohom tips have not been studied systematically. Hence we study here 

the effect of liquid phase oxidation on the 10ca1 structures around the nanohom tips by using a 900C mi1d 

treatment in hydrogen 

peroxide. Time trace 

for the change in the 

tip structures can be 

seen in Fig. 1. From 

this figure， one can 

find that the tip 

structures are started to 
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Fig. 1. TEM images of tip structures for the carbon nanohoms treated by 
hydrogen peroxide at various periods. (a) is taken for as-grown NHs， (b) for 10 
min treatment， (c) 30 minラ(d)60 min， (e) 120 min， (f) 180 min， (g) 240 min， (h) 
24 hours and (i) 72 hours. 

poste工

Reference : [1] E. Bekyarova et al.， Adv. Mater. 14， 1117 (2002). 
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Ultracentrifugal Separation of Single園wallCarbon N anohorns 

oGoshu TAMURAl) Shunji BANDOWl) Masako YUDASAKA23) Sumio IIJIMA123) 

1) Graduate School of Science and Technology“NanoF，配的η"Meijo University 
Shiogamaguchi 1-501 Tempaku-ku Nagoyα-city Aichi 468-8502 Japan 

2) JST-SORST C/O NEC Miyukigaok，α34 Tsukuba-city lbaraki 305-8501 Japan 
3) NEC Corporation Miyukigaoka 34 Tsukuba-ciかlbarαki305-8501 ~αrpan 

Abstract: Primary partic1es of as-grown single-wall carbon nanohoms (SWNHs) have a 

variety of sizes. In case of SWNHs made by laser ablation， their partic1e sizes are between 

70nm and 300 nm. Their mean volume diameters are around 200 nm. If technological 

application is considered， especially for bio-medical field such as drug delivery system (DDS)， 

the narrower size distribution is required. 

Normally as grown SWNH partic1es contain micrometer-sized and graphite-based impurities， 

named GG (giant graphite) ballsラandmany of these partic1es form agglomeration with a size 

of over micrometer-order in dry or even wet condition before sonication. If many S¥¥明Hand

GG ball partic1es are aggregated， we cannot separate out SWNHs and GG balls， and moreover 

pnma巧TSWNH partic1es as well. Once SWNH partic1es， however， can be well dispersed in 

ethanolラtheycan be separated from GG balls， so that we can c1assifシSWNHsin terms of size 
using the difference in chemical or physical character of each primary partic1e. On the 29th 

Symposium in 2005， we had poster presentation that we achieved high dispersion of SWNHs 

in ethanol by ultrasonication using bath type sonicator. And on the 30th one in 2006ラwealso 

had poster presentation that SWNHs in ethanol suspension can be easily purified， and 

separated from GG balls by natural gravitation (lG). SWNHs were still in supematantラ

otherwise only GG balls could be sediment under 1 G. 

This time， we treated ultracentrifugal separation on the ethanol dispersion to c1assify SWNHs 

using difference of sedimentation velocity. As gravitation is increased， we could sediment 

even large size SWNHs. A size distribution of SWNHs in supematant became narrower， and 

shifted toward the smaller side. SWNHs size distributions could be controlled by rotating 

speed (G)， treatment time， and the position of extraction. 

For example， we got small SWNHs: 

their mean volume diameters became 80 

nm under 100 kG for 20 minutes. We 

achieved c1assification of SWNHs using 

ultracentrifugal separation. 

Corresponding Author: Goshu TAMURA 
E-maiI: m0441505@cωcma釘i1福g.mお悶c白吋ijo-引u.a邸cιり.j
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Enhancement of conductivities in boron-doped MWNTs 

oSatoshi Ishii， Tohru Watanabe， Showgo Ogawara，Takashi Okutsu， Fumiaki Tomioka， Shinya 
Ueda， Shunsuke Tsuda， Takahide Yamaguchi and Yoshihiko Takano 

Nano System Functionαlity Center， National lnstitutefor Materials and Science， 121， Sengen， 
Tsukuba， lbaraki 305-0047， Japαn 

Boron-doped multi-walled carbon nanotubes (MWNTs) were grown by chemical vapor 

deposition (CVD) using methanol (CH30H) solution ofboric acid (H3B03). Boric acid was 

used to dope the boron atoms into the MWNTs. The MWNTs were grown on the surface of 

Si substrates coated with Fe203 nano particles as catalyst. 
In this study， methanol containing 1.0 atm% ofboron atoms was used as source material. 

The diameters of obtained MWNTs were about 40 nm and lengths of those were more than 10 

μm. In order to evaluate the electronic transport properties of boron-doped M¥¥明Ts，
tempera印redependence of conductivities were measured from room temperature to 0.6 K. 
For accurate evaluation， an individual MWNT was measured by four-point method. The 
nanosized electrodes were fabricated by means of electron beam lithography technique (Fig. 

1). 
We can see that our MWNTs showed one or two orders of magnitude higher 

conductivities than reference sample. Furthermore， our MWNTs still showed high 
conductivities even at very low temperatures while conductivity of reference sample 

decreased and became insulator (Fig. 2). This result seems to indicate that boron atoms were 

successfully doped into MWNTs and enhanced conductivities. 
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Electronic transport study of a suspended MWNT by in situ TEM 

Yasunobu Suzuki， Koji Asaka and OYahachi Saito 

Department 01 Quantum Engineering， Nagoya University， Nagoya 464-860スJapαn

Carbon nanotubes， with their strong interatomic bonds， are robust against electromigration 
and have high current carrying capacities exceeding 10μ Alnm2 • Thus， metallic nanotubes， 
particularly multiwall nanotubes (MWNTs)， are promising as reliable， metallic wires and 
interconnects in the白佃remolecular-scale electronic devices. For such applications of 

MWNTs， understanding their electron transport under the high field， high current is required. 
We carried out high bias transport experiment using a free suspended MWNT in a 

transmission electron microscope (TEM)， and derived the intrinsic conductivity of a MWNT 
and the contribution of contact resistances. 

A small bundle or a single MWNT produced by arc discharge technique was attached to 
the tip of a platinum-coated tungsten (W) needle. The W needle with a MWNT and a copper 

plate covered with low-melting poing metal (In or In-Ga alloy) were mounted in a special 
sample holder for TEM. A free tip of MWNT was attached to the metal reservoir， and 
voltage variation under constant current at various bridge lengths and conductance versus bias 

voltage were measured. Figure 1 shows TEM images of a suspended M¥¥市町 (31nm in 

diam.) carrying 40μA at various bridge lengths (x). The In-Ga droplet was in a liquid phaseラ

and so the nanotube slid freely on the surface of the droplet. We analysed the two terminal 
resistance of the nanotube bridge by using c1assical expression of the total resistance Rtot as 

Rtot =Rw +ρLM7L+ρNT4 
{-X iTr-

where Rw is the contact resistance at the nanotube/Pt-covered W， PLM and PNT are 
respectively the contact resistance per unit length of the nanotube/liquid metal interface and 
the resistivity of the孔1¥¥弓.JT. 1 and r are the total length and the radius of the M¥¥乃.JT，
respectively. Rw ~ 27.5 kn ，ρLM ~ 3.67 X 10-2 n ・cm and PNT~3.79x10 ---4 n ・cm were 
derived from Rtot values measured for various x using Newton's method. Figure 2 shows a 

conductance (G) versus bais回voltage(ηcharacteristics of the suspended MWNT for x = 1072 

nm. The zero-bias conductance is nearly 0.2 Go (where Go = 2e
2 
/ h)， and G increases with 

the increase of V in accordance with the increase of DOS of electrons contributing conduction. 
At the high current and elevated temperature ('"'-'2000C) the transport in MWNTs was 
seemingly diffusive， and the resistivity of MWNTs was 2 -4 x 10-4 n・cm，being consistent 
with the values measured previously by the four-terminal method. 
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Evaluation of single wall carbon nanotubes by UV-Raman spectroscopy 

OHiromichi Kataura1， Yasumitsu Miyatal
へ
YutakaManiwa2ラKazuhiroYanagi I 

lNαnotechnology Resωrch Institute (NRI)， AIST， Tsukuba， Ibaraki 305-8562， Japan 
2 Department 01 Physics，おかoMetropolitan Universi収 Tokyo192-039スJapan

Abstract: 
Raman spectroscopy is easy and powerful tool to evaluate the single wall carbon nanotube 
(SWCNT). Raman measurement can be done without any pretreatment of the sample while 
photoluminescence measurement requires dispersion process. Since radial breathing mode 
(RBM) frequency is proportional to the inverse diameter of SWCNT， diameter distribution of 
SWCNT sample can be estimated. Further， from G-band and Dゐandintensities， purity of the 
sample can be roughly estimated. Since the Raman process is dominated by the resonance 
e百ect，however， Raman spectrum has 1imited information of specific SWCNTs on resonance. 
Several different laser wavelengths have to be used to cover all chrality. This selectivity is 
very useful for the scientific research of SWCNT but is disadvantage for the sample 
evaluation. One possible solution ofthis problem is to use ultraviolet (UV) light. One can find 
less se1ective resonance feature for UV excitation. UV-Raman spectroscopy is thought to be a 
good tool for easy evaluation of SWCNT sample. 
Problems of the UV司Ramanmeasurement are most1y on the equipments， such as less 
transmittance of lenses， less resolution of spectrometer， and less sensitivity of detectors. Here 
we would like to demonstrate the UV-Raman resu1ts of typical SWCNT samples. Figure 1 
indicates preliminary Raman spectra in RBM and G-band for HiPco and CoMoCAT SWCNTs. 

The measurements were done in Tokyo sales office， HORIBA Company using LabRAM 
HR-800 with 2400 g/mm grating and HeCd laser. Used laser wave1ength was 324 nm. 

Although S乃~ is not 
sufficient to go deep 
analysis， RB乱1spectra 
have less structure than 
visible Raman spectra. 

G-band structure also 
shows more averaged 
feature reflecting less 
se1ective resonance 
condition. D.占.

G'-占band also have 
further information 
about diameter 
distribution of the 
sa創mple. Detailed 
analysis wi11 be 
discussed. 
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Figure 1 UV-Raman spectra of HiPco and CoMoCAT SWCNTs measured by 
LabRAM HR・800UV at Tokyo sales office， HORIBA Company. Excitation 
wavelength is 324 nm. Asterisk indicates artificial peak. 
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Temperature dependence of the Raman spectra of single-wall carbon 

nanotube and highly oriented pyrolytic graphite 

ONorihiro Kitada， Kenichi Kato， Kenichi Kojima and Masaru Tachibana 

Graduate School 01 Liberal Arts and Science， Yokohama City Universiかj22-2 Seto， 

Kanazawa-ku，ゐkohama，236-0027， Japan 

The structural properties of single-wall carbon nanotubes (SWNTs) are unique due to their 

extremely small diameters and the curved C-C bonds. The curvature of the S¥¥明Tsis 

responsible for some of the surpnsmg properties. The thermal stability and 

temperature-dependent properties of SWNTs are very important for the fabrication of 

SWNT-based devices. 

Resonant Raman spectroscopy is one of the most powerful tools for characterizing the 

structural and electronic properties of SWNTs. So far the study on the temperature 

dependence of Raman spectra of SWNTs has been carried out by many groups [1-3]. 

However， the understanding of the temperature-dependent behaviors is still insufficient. This 

is due to the quality， or breakdown， of SWNTs in the higher temperature， the difficulty of the 

experimental technique in the lower tempera如re，and so on. These make it difficult to 

interpret the temperature-dependent Raman feature. In this paper， we report the temperature-

dependent Raman spectra ofhigh quality SWNTs in the higher tempera同re.

G and 2D Raman bands in SWNTs are clearly observed at around 1590 and 2600 cm-
1
. The 

temperature dependence of these bands was examined in the higher temperature above 300 K. 

The G and 2D can be also observed for highly oriented pyrolytic graphite (HOPG) with 

planar C-C bonds. The behaviors of G and 2D bands in SWNTs are compared with those in 

HOPG. In addition， D band observed at around 1300 cm-1 that is related to defects was also 

examined. Actually synthesized SWNTs wi1l include some types of defects. The defects often 

greatly influence the properties of SWNTs. More recently， the thermal relaxation process of 

defects in SWNTs was examined by Raman spectroscopy [4]. We also discuss the behavior of 

D band in the higher temperature. 

[l]P. Tan et a1.， Phys. Rev. B 58，5435 (1998). 

[2]P.Corio et a1.， Chem. Phys. Lett. 360， 557(2002). 

[3] Z.Zhou巴ta1.， J.Phys. Chem. B 110ラ1206(2006).

[4]T. Uchida et a1.， J. App1. Phys. 101，084313 (2007). 

Corresponding Author: Masaru Tachibana 
E-mail: tachiban@yokohama-cu.ac.jp 

Tel: +81-45-787・2307，Fax: -←81-45-787司2172

-118-



1P圃41

Effects of doping to the G' Raman spectra of single and double-wall carbon 
nanotubes 

oEduardo B. Barros1，2ぺJinSung Park1， Georgii G. 
Samsonidze3，4， Riichiro Saito1， Mi1dred Dresselhaus4 

21 Deportment QfPhysics， Tohoku uniwnioymd CREST，Sendai，980-85789Jαrpan 
Departamento de Fisica， Universidade Federal do Ceara， Fortaleza， Ceara， 60455-760 

Brazil 
3AゐterialsSciences Division， Lawrence Berkeley National Laboratory， Berkeley， California 

94720， USA 
4Department of Electrical Engineering and Computer Science，Mαssachusetts Institute of 

Technology， Cambridge， MA， 02139-430スus.A.

In this work， we performed a study of the effect of donor and acceptor doping to the G' 
Raman spectra of carbon nanotubes. The G' band is a second-order Raman feature which is 
usually observed in graphitic systems.[l] The strong intensity of this second-order peak is 
usually attributed to a double resonance process involving two phonons.[2] For this reason， 
both the frequency and the intensity of the G' band are strongly dependent on the electronic 
structure of the nanotube. To better understand the effect of doping to the G' bandラ the
electronic structure of the carbon nanotubes is ca1culated using the extended tight-binding 
formalism (ETB)， where both the σandπorbitals are taken into consideration. The structure 
of each (n，m) nanotube is optimized by minimizing the total electron energy and the effect of 
doping is inc1uded by changing the occupation of the electronic bands (controlling the F ermi 
energy). The G' band frequency and intensity is ca1culated within the framework of the 
double resonance process as a function of the Fermi energy variation. The ca1culated resu1ts 
are then compared to Raman spectroscopy experiments performed on single (SWNT) and 
double wall carbon nanotube (D\\弓~T) bucky papers treated with H2S04・TheH2S04 is 
known to act as an acceptor for .the electrons of graphitic materials. The effects of H2S04 
doping on the electronic and vibrational properties of SWNTs and DWNTs were analyzed 
with 7 different laser excitation energies， allowing different nanotubesラinresonance with the 
different laser energies， to be probed. 

[1] M. S. Dresselhaus and G. Dresselhaus， in Light Scattering in Solids 111， edited by M. Cardona Springer， Berlin (1982). 

[2] C. Thomsen and S. Reich， Phys. Rev. Lett. 85， 5214 (2000). 
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Fabrication of DNA/MWNTs junctions and electrical measurements of 

DNA thin films 

M.Ide， M.Saito， H.Kohno， N 

Aoyama Gakuin Universi帆 5・10-1Fuchinobe， Sagamihara， Kanagawa 229-8558 Japαn 

Study of electrical conductivity in DNA has recent1y attracted considerable attention. DNA 

has been interpreted as semiconductor with a wide band gap， which shows insulative behavior 

[1]. In contrast， recent some works have reported transport of electrons and Cooper pairs 
through DNA [2]. It may be due to different chemical treatment of interface of DNA and 

metal electrodes. Moreover， magnetization of DNA has been also reported [3]. On the other 
hand， it is known that DNA tends to connect with Au， Ag， and carbon nanoubes (CNTs). 

Indeed， single electron tunneling in Au nano-wire coated on DNA [4] and CNTs -FET[5] 

have been realized. 

Here， we report connection ofDNA to the top ends ofmulti-walled CNTs (MWNTs)， which 

were synthesized in nano-porous alumina template and results of electrical measurements. We 

used λ-DNA with length of 42'""8000 (nm). A白erdissolving this DNA into Tris EDTA 

solution， we dropped this solution on the top ends of arrays of MWNTs and dried out solutIon. 

Figure 1 (a) shows a schematic cross sectional view of the sample and Fig.l (b) and (c) exhibit 

SEM top views of the sample before evaporating electrodes. The top ends of MWNTs are 

covered by accumulation of DNAs in (b) and (c). Because these DNAs could not be etched 

out even by wet etching using some kinds of solutions， this result stresses that the connection 

between DNAs and MWNTs are very strong. This is consistent with previous reports of 

DNAlCNT junction. The results of electrical measurements ofDNAS wi11 be also discussed. 

MWNT 

References 
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Meissner effect in honeycomb arrays of multi-walled carbon nanotubes 
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1人*，N.Ueda1， M 
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イNagoyαUniversity，Furo-cho， Chigusa， Nagoya 464-8602 Japan 
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New carbon-based superconductors， such as C6Ca with a transition temperature 

(T c) of 11.5 K (1) and highly boron-doped diamond with Tc = 4 K (2)， have been 
recently found and attracted considerable attention， because a small mass of carbon 

may lead to high-T c superconductivity like MgB2・Superconductivityin carbon 

nanotubes (CNTs) has also attracted increasing attention (3-5). Three groups have 

experimentally reported superconductivity in different kinds of CNTs as follows; 1. 

with a Tc as low as 0.4 K for resistance drops (TcR) in ropes of single-walled CNTs 

(S¥¥乃.J"Ts)(3)， 2. with a TcR as high as 12 K for an abrupt resistance drop in a汀aysof 

our multi-walled CNTs (MWNTs) entirely end-bonded by gold electrode (4)， and 3. 
with a Tc of 15 K for magnetization drops (TcH) in SWNTs with diameters as small as 

0.4 nm (5). However， no groups could report the observation of both the Meissner 
effect and the resistance drop down to 0 Q in their respective systems. Moreover， it is 
crucial to reveal how shielding currents for Meissner effect or superconducting 

vortexes occur and behave in one-dimensional space of CNTs. 

Hereラwereport Meissner effect for type-11 superconductors with a maximum T c of 

19 K， which is the highest value among those in new-carbon related superconductors， 

found in the honeycomb a汀aysof MWNTs. Drastic reduction of ferromagnetic catalyst 

and efficient growth of MWNTs by deoxidization of catalyst make the finding possible. 

The weak magnetic anisotropyラ superconductivecoherence length (~ 7 nm)， and 

disappearance of the Meissner effect after dissolving array structure indicate that the 

graphite structure of an MWNT and those intertube coupling in the honeycomb a灯ay

are dominant factors for the mechanism. 

References 
1. T.E.Weller， M.Ellerby， et al.， Nature Physics 1，39 (2005) 
2. E.A.Ekimov et al.， Nature 428， 542 (2004) 
3. M. Kociak， et al.， Phys. Rev. Lett. 86，2416 (2001) 
4. I.Takesue， J.Haruyama et al.， Phys. Rev. Lett. 96， 057001 (2006) 
5. Z. K. Tang， et al.， Science 292， 2462 (2001) 
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ChemicaIly欄ResponsiveSol-Gel Transition of Supramolecular 
Single-WaIled Carbon Nanotubes (SWNTs) Hyrdogel Made by Hybrids of 

SWNTs and Cyclodextrins (CDs) 
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IGraduate School ofNaturα1 Science and Technology， Kanazawa University， 

Kαkuma-machi， Kanazawa 920-1192， Japan 
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Single鵬walledcarbon nanotubes (SWNTs) have received a great deal of interests because of 
their unique structural， electrical， and mechanical properties. However， their applications have 
been extremely limited due to their low solubility in solvents. Thereforeラ solubilizationof 
SWNTs has been one of hot topics for the past few years. Herein， we report novel 
chemically-responsive supramolecular SWNT hydrogel by using soluble SWNTs 
unctionalized cyclodextrin (CD) moieties on SWNT surface. Since CD shows high solubility 
in water， water-soluble SWNTs carrying CDs are obtained by using π-πinteraction between 
pyrene modified s-CDs and SWNTs (Py-s-CD/SWNT hybrids) [1]. 
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Scheme 1. Supramolecular SWNT Hydrogel Prepared from Py-p -CD/SWNT Hybrids and Guest 
Modified Polymer (P AA2). 
By utilizing host欄guestinteractions between poly( acrylic acid) carrying dodecyl groups 
(PAA2) and s-CDs of Py-β-CD/SWNT hybrids， nanocomposites of polymer and SWNTs 
were prepared. By mi奴xingPy-s， 

ahomo句ge叩n即le∞O山 SWNThy刊dro句g伊elformed， indicating that host-guest complexes between s-CD 
moieties immobilized on the SWNT surface and dodecyl groups in PAA2 act as cross-links to 
form network structures which showed gel-like behavior. Furthermore， SW1'、H hydrogels 
composed of Py-s-CD/SWNT hybrids and PAA2 changed to sol by adding competitive guests 
or host compounds. When sodium adamantane carboxylate (AdCNa， 100 eq. to dodecyl 
moieties of Pん位)was added to the hydrogel as a competitive guest， gel to sol transition was 
observed (Scheme 1 b). Upon addition of α'-CD (100 eq. to dodecyl groups of PAA2) as a 
competitive host， the gel also changed to sol (Scheme lc). 

[1] T. Ogoshi et al. J Am. Chem. Soc.， 129，4878 (2007). 
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Single-walled carbon nanotubes (SW1'、Hs)have been an area of intense research since their 
discovery in 1993 because of their unique structural， electrical， and mechanical properties and 
potential applications. However， their applications have been extremely limited due to their 
low solubility. Therefore， solubilization of SWNTs has been one of hot topics over the past 
decade. For solubilization of SWNTs in solvents， chemical modification of SWNTs and 
physical adsorption of organic molecules on SWNT surfaces are useful strategies. Soluble 
SWNTs in aqueous media are obtained using physical adsorption of surfactants and polymers. 
Herein， we firstly report soluble SWNTs by using host-guest inclusion complex between 
cyclodextrin (CD) and guest compound. Surprisinglyラ SWNTsare soluble in aqueous media 
with host-guest complex， while SWNTs are insoluble with only CD or guest compound. To 
the best of our knowledge， it is first example of solubilization of SWNTs with host剛guest
inclusion complexes. It is little known that two different kinds of compounds cooperatively 
act as solubi1izer of S¥¥市Hs.
To suspension of SWNTs (1.0 mg) in aqueous solution (5.0 mL)， s-CD (20 mg) and 
sodium adamantane carboxylate (AdCNa， 2.14 mg， 1 equivalent to s-CD) were added and 
then the resulting solution was sonicated for 3 h at room temperature. During the sonication， 
the aqueous solution changed丘omcolorless to black， indicating solubilization of SWNTs in 
aqueous solution. After the sonication， insoluble SWNTs were removed by centrifugation. 
The supematant was homogeneous black solution and stable for more than a month (Figure 
la). On the other hand， SWNTs were insoluble with s-CD or AdCNa (Figure lb). These 
observations indicate th剖 SWNTsare soluble using the mixture ofβCD and AdCNa. 
F ormation of the complex between β.CD and AdCNa is necessary to solubilize SWNTs. 
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Figure 1. Aqueous SWNTs solution with (a) s-CD (3.52 mM) and AdCNa (3.52 mM)， (b) 
s-CD or AdCNa after sonication. 
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We prepared a uniaxially stretched carbon nanotube/PVA filrn to study the property of 

aligned carbon nanotubes as optical polarizer. Carbon nanotubes(HiPco single-wall 

carbon nanotubes: Carbon Nanotechnologies inc.) were uniforrnly dispersed in water 

solution of TritonX -100 under ultrasonication. The solution was then rnixed with 

PVA powder and exposed under additional ultrasonication for several hours. The 

carbon nanotubes/PV A rnixture was cast on a glass plate and dried out to forrn a solid 

filrn. The filrn was peeled frorn the glass plate and rnechanically stretched along 

uniaxial direction so that carbon nanotubes were aligned in the PV A filrn in the 

stretching direction. We investigated degree of polarization(DOP) of the developed 

filrn by rneasuring transrnission spectra with linear polarized light parallellperpendicular 

to the stretching direction. The film showed DOP of 88% wIth transrnission of 12% at 

the wavelength of 800 nrn. Thanks to the broad absorption spectrurn of carbon 

nanotubes originated frorn πplasrnon， the filrn 

shows flat transrnission spectrurn and keeps the 

high DOP alrnost constantly through spectral 

region frorn near infrared (800 nrn) to ultraviolet 

(down to 350 nrn). We further irnproved the 

DOP by using carbon nanotubes shortened into 

the length of ~200 nrn. 
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Direct electron transfer reaction of enzymes at an electrode has been extensively studied 
from the viewpoints of both understanding the fundamental features of enzymes， and 
applications to enzymeゐiofuelcell， biodevice and biosensors. It is expected that carbon 
nanotubes (CNTs) work as an excellent electrode material for direct electron transfer reaction 
of enzyme because of their unique electronic properties. In this study， direct electron transfer 
reaction of glucose oxidase (GOD) adsorbed on carbon nanotubes剛synthesizedelectrode was 
demonstrated. 
GOD (企omAspergillus niger， EC 1.1.3.4) was obtained from Tokyo Chemical Ind. Co.， 
and was used as received. Platinum substrate was polished by a SiC paper followed by ferritin 
immobi1ization onto it (fe汀itinlPt).To prepare iron nano-particles as catalysts for CNTs 
synthesis， the feηitinlPt was heated at 400 Oc for 60 min to eliminate the protein shell of 
ferritin. The prepared iron nano醐particlesize on Pt was evaluated to be approximately 5:1: 1 nm 
in diameter by transmission electron microscope (TEM) measurement. The CNTs were 
synthesized by alcohol catalyst chemical vapor deposition (ACCVD) method. Diameter ofthe 
prepared CNTs on Pt plate was evaluated to be 5-10 nm by TEM， which were multi-walled 
CNTs. The electrochemical measurements were investigated by cyclic voltammetry. An Ag ! 
AgCl (saturated KCl) and Pt plate were used as reference 

and auxiliary electrode， respectively. 
GOD was immobi1ized CNTs!Pt electrode 
(GOD!CNTs!Pt) by the immersion of the electrode into a 
phosphate buffer solution of 550 units mr1 GOD for 12 
hours， followed by rising with the buffer solution. Cyclic 
voltammogram of glucose oxidation of GOD!CNTslPt is 
shown in Fig. 1. Catalytic oxidation current was observed 
企omaround -0.4 V in a phosphate buffer (pH 7) in the 
presence of 3 mmol dm-3 glucose. Such catalytic current 

was not observed in the absence of glucose. When the 
CNTs!Pt and Pt electrode were used， no catalytic oxidation 
current was observed. The GOD/CNTslPt electrode 
indicated substrate specificity: the catalytic current was not 
obtained when mannose and galactose instead of glucoses 
were used as substrate. The obtained facts let us to know 
that the direct electron transfer occurred between GOD and 
CNTs. 
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Carbon nanotubes (CNTs) have a very high aspect ratio with high mechanical， e1ectrical 
and chemical properties. Also， the good cell adhesion on the CNTs have been reported[l]. In 
this study， we prepared the mu1ti-walled carbon nanotube (MWCNTs) films and their tensile 
strength were estimated. 
The raw material of MWCNTs (20 to 50nm in diameter ; CNT Co.Ltd.， Seoul， Korea) 

were purified and dispersed in distilled water or surfactant solution (1wt% ofTriton X-100) to 
be 50mg in 100ml and sonicated for 20 minutes. The collagen (Cellgen， Koken， Tokyo， Japan) 
solution was added into MWCNTs solution whi1e the sonication. The MWCNT/collagen 
mixture was filtered using polycarbonate membrane fi1ter (pore diameter = 0.8mm). The 
stacked MWCNT/collagen film on the membrane fi1ter was rinsed with disti11ed water and 
dried at 50oC. The obtained film was cut into 3mm in width and applied for the tensi1e test. 
The micro structure of the film was observed by SEM. 
The obtained MWCNTs/collagen compisite films were flexible and did not decomposed 

in water. Fig.l shows the SEM images of MWCNTs/collagen composite with 5， 10 and 15% 
of collagen content. The fibrous structure of MWCNTs are c1ear1y observed and adherent 
substances on the MWCNTs， which were assumed as the collagen， were observed. The film 
prepared without collagen was britt1e. Therefore， collagen would act as binder of MWCNTs. 
The tensile strength of the film containing 15wt% of collagen was 14MPa. The strength was 
increased with the collagen content. Also， the tensile strength of composite films prepared 
using the surfactant was higher than that without surfactant. 

Fig.l SEM images ofMWCNTs/collagen composite films. 

[1] N.Aoki， A.Yokoyama， Y.Nodasaka， T.Akasaka， M.Uo， Y.Sato， K.Tohji and F.Watari， Chemistry Letters， 
2006，35，508-509. 
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Electric double layer capacitors (EDLCs) are kind of energy storage devices that exhibit 

high power density， rapid charge-discharge， and long cyc1e life. In this presentation， we report 
the electrochemical behavior of EDLCs built 企omfine-crystallined single-wal1ed carbon 
nanotubes (SWCNTs). Fine-crystallined SWCNTs possess extremely low electric resistance 

through the inf1uence of long mean free path by ballistic transport. Therefore， they can utilize 
electrons effectively. 

We prepared fine-crystallined SWCNTs by the following steps. First1y， we synthesized 
as-grown SWCNTs by an arc-discharge method using Fe尽~i mixture partic1es as a metal 
catalyst simultaneously. Secondly， The as-grown SWCNTs were air oxidized and treated with 
hydrochloric acid to remove amorphous carbon and catalytic metal partic1es respectively 
(purified-SWCNTs). Finallyラ thepurified-SWCNTs were annealed under high vacuum 
ambient atmosphere at 1473 K for 30 minutes (fine-crystallined-SWCNTs). In an effort to 

modify nanotube surfaceラthefine-crystallined-SWCNTs were treated with nitric acid at 373 K 

for a specific period of time to add carboxyl and hydroxyl groups on the surface 
(surface-modified-SWCNTs). As a consequence， these hydrophilic chemical functions 
improve the affinity between electrode and electrolyte. EDLC cells were assembled using 

surface-modified-SWCNTs as both e1ectrode and 30 wt% of sulfuric acid as electrolyte. 
Figure 1 is the dependence of electric double layer capacitance of current density for the 

surface-modified SWCNTs. To achieve 
higher capacitance， it exhibits the most 
suitable surface-treating time of nitric 

acid is four hours. This means t血ha抗tthe -
sはtructu悶 Oぱfna旧lan削恥 iおsdiおsn印1刷p戸te吋db防yz 
excess surface-treating time and the -; 

excess surface-modified S明WCNTs

cannot keep the excellent conductivity. 

The relation of the capacitance and 
surface modification wi11 be reported 
in detail and discussed. 
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The fabrication of carbon nanotubes (CNTs) at desired positions and the large-scale 

production of metal-free CNTs are two key factors that will determine whether CNTs wi1l 
soon reach their huge potential for application in a wide variety of areas. Arc discharge

1， 
laser ablation2

ラ
andcatalytic chemical vapor deposition (CCVD)3-S techniques have been 

developed to produce CNTs， with CCVD having the greatest potential for using in large-scale 
production of CNTs. Although much effort have been exerted into improving the CCVD 

process， e.g.， for controlling the size and morphology of CNTs， some fundamental problems 
sti1l remain a challenge. One of the major weakness of CCVD is the encapsulation of the 
metallic catalyst within the nanotube during its growth. The presence of encapsulated metals 

may have a detrimental effect on the applicability of CNTs， especially in electronic devices. 
The other major problem ofthe CCVD approach toward the synthesis ofCNTs is migration of 

the nanoscale catalytic partic1es during the preparation of the catalysts; this phenomenon 
makes it difficult to control the positions of the CNT growth sites. Non-catalytic CVD 
approaches would have the potential to solve these two problems. In this regard， we have 
developed a simple metal-free CVD method that has the potential to allow the controlled 

fabrication of CNTs at desired growth sites on graphite surfaces. Multi-Walled CNTs 

(MWCNTs) can be produced at 800 Oc in the flow of C2H4/He on graphite surfaces that have 
been treated with nitric acids， oxygen or laser ablation. 

[1] C. R. Wang， T. Kai， T. Tomiyama， T. Yoshida， Y. Kobayashi， E. Nishibori， M. Takata， M. Sakata and H. 
Shinohara， Ang，のv.Chem. Int. Ed.， 40， 397 (2001). 
[1] S.lijima， Nature 354，56(1991). 
[2] T. Guo， P. Niko1aev， A. Thess， D. T. Co1bert， R. E. Smalley， Chem. Phys. Lett. 243，49 (1995). 
[3] W. Z. Li， L. X. Qian， B. H. Chang， W. Y. Zou， R. A. Zhao and G. Wang， Science， 274， 1701 (1996). 
[4] D. S. Bethune and C. H. Kiang， Nature， 363， 605 (1993). 
[5] S. Iijima and T. Ichihashi， Nature， 363， 603咽605(1993). 
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The forces induced by a steady electric current on several atoms adsorbed on a 
metallic (5，5) and semi圃conducting(8，0) carbon nanotubes were calculated using 
the non-equilibrium Green's function technique combined with density functional 
theory. The calculations were performed with five different atoms， viz. B， C， N， 0 
and F， adsorbed onto the nanotubes. Single-zeta basis sets with a LDA functional 
and considered a fair1y large scattering region containing 100 carbon atoms， 
leads being semi-infinite nanotubes as well. Geometries were optimized at zero 
bias vo1tage with adatoms in bridge positions. Atoms were found to be either 
repelled from the tube or attracted to it and the current-induced forces also 
pulled the atoms either in the direction of the electron flow or in the opposite 
direction. 
We are able to explain these results in terms of 
charge transfer， modification of the electron 
density， and chemical bonding properties of the 
scattering states， assuming that when the bias is 
applied， the scattering electrons from the lead 
with the higher chemical potential (source) 
populates the states above the original Fermi 
level and the state below the Fermi level is 
depopulated by the electron flow toward the lead 
with the lower chemical potential (drain). 
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Contrary to many successful studies on the properties of C60 since a macroscopic 

production of C60 fullerene [1]， the microscopic formation process of C60 and other fullerenes 
has not been clarified yet. Therefore， the mystery， why icosahedral C60 clusters are by far 
most abundant in carbon soot， still remains unsolved. We address these issues using the 

molecular-dynamics combined with the transferable tight-binding model (TBMD) 

parametrized by Omata et al. [2]. The reason why we use the new tight蜘bindingmodel is that， 
unlike the previous tight-binding model [3]， it can accurately describe the long-range force 
between carbon atoms， which should play an important role in the formation process of 
fullerenes from C atoms. 

We first study the structures of small carbon clusters. It is found that ClO is the 
smallest stable ring at 2000 K. This explains the high abundance of CIO in the experimental 
Cn-mass spectra [4]. From the density-functional study， we find that binding energy per atom 
ofthe C10 ring is larger by 0.4 eV/atom than that ofthe CIO chain. This energy preference ofa 

ring to a chain in CIO is most prominent among all Cn clusters studied (5豆n壬18).
Next， we examine the formation process offullerenes， taking CIO rings as fundamental 

p紅白 [4]，by performing the TBMD simulation of the reactions between carbon clusters at 
1000， 1500， 2000 and 2500 K. Reaction between sp-hybridized CIO rings gives rise to the 
planar平七networkC20 cluster (Fig.l (a)) at more than 1000 K. Su中risingly，reaction between 
C20 and ClO clusters is found to give the closed-cage C30 (Fig.l (b)) at 2500 K. These results 

are different from those by using the previous tight-binding model [3] but are consistent with 
the experimental result of the ion chromatography by von Helden et al. [5]. In addition， it is 
confirmed that C40， Cso and C60 clusters have the closed-cage structure at more than 1500 K， 
which is c10se to the experimental temperature of fullerene formation. 

(a) (b) 

Fig. 1: (a) planar伊2-network C20 and (b)“fullerene" C30 

[1] W. Kratcshmer， L. D. Lamb， K. Fostiropoulos and D. R. Huffman， Nature 347 (1990) 354. 
[2] Y. Omata， Y. Yamagami， K. TadanoラT.問iyakeand S. Saito， Physica E 29 (2005) 454. 

[3] C. H. Xu， C. Z. Wang， C. T. Chan and K. M. Ho， J. Phys. Condens. Matter 4 (1992) 6047. 
[4] T. Wakabayashi and Y. Achiba， Chem. Phys. Lett. 190 (1992) 465. 

[5] G. von Helden， M. T. Hsu， N. Gotts and M. T. Bowers， 1. Phys. Chem.， 97 (1993) 8182. 
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We examined photoinduced electron-transfer reactions and magnetic field effects 
(MFEs) on the dynamics of a radical pair that was generated from the intermolecular 

electron-transfer reaction between of C60 derivative with positive charge (C6oN+) and methyl 

phenothiazine (MePH) (Fig. 1) [1]. We also reported MFEs on the photoelectrochemical 
reactions of photosensitive electrodes modified with nanoc1usters containing of C6oN+ and 
MePHラintendedfor utilization of C60 as photofunctional nanodevices [2]. 
Applying strong magnetic fields to materials induces huge MFEs. It is expected to 

create highly functional nano-materials containing new properties， since new interfaces or 
nanostructures are constructed by strong magnetic fields [3]. In this study， we examined 
MFEs on morphological， electrochemical， and photoelectrochemical properties of electrodes 
modified with C6oN+ and MePH in the presence and the absence of magnetic processing due 
to strong magnetic field [4]. 

The AFM measurements indicated that the size of C6oN+-MePH nanoc1usters in the 
presence of magnetic processing was smaller than that in the absence of magnetic processing. 
First reduction peaks due to C6oN+ nanoc1uster in the presence of magnetic processing were 
negative-shifted as comparison with that in the absence of magnetic processing. Potential 

dependencies of the photocurrents of the electrodes H3C¥-FHf 

modified with C60N七MePHnanoc1usters in the H3CO-f一、/民 I
presence of magnetic processing were also different 

from that in the absence of magnetic processing. 

The magnetic field effects in AFM， and 
electrochemical and photoelectrochemical 
measurements are most likely ascribed to the 

difference of the reduction potentials between the 

absence and the presence of magnetic processing due 
to the morphological change of C6oN+ nanoc1usters. 

ロ
ロ

C6oN+ MePH 

Fig. 1 Molecular structures of 

C6oN+ and MePH 

[1] H. Yonemura， N. Kuroda， S. Moribe， and S. Yamada， C R. Chimie， 9， 254 (2006). 
[2] H. Yonemura， N. Kuroda， and S. Yamada， Sci. Technol. Advanced Mater・ials，7， 643 (2006). 
[3] M. Yamaguchi and Y. Tanimoto (e也):Mageneto-Science 胸 gneticFiled砂 ctson Materials 
Fundament，αls and Applications， Kodansha-Springer， (2006). 
[4] H. Yonemura， Y. Wakita， N. Kuroda， S. Yamada， Y. Fujiwara and Y. Tanimoto， submitted for pub1ication in 
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There are quantitative differences such as structure， aromatic character， symmetry 
and chemical properties between [60]fullerene and the higher fullerenes avai1able. The 
development of the chemistry of the higher fullerenes such as [70]白llereneis great 

significance because they show a high performance of optical and electrochemical properties 

for the creation of novel molecular devises. The synthesis of tri-adducts [70]白llerene

derivatives has been reported in our laboratory[1]. This multi-addition reaction is a powerful 

method for the functionalization of [70]白llereneto develop abilities or add novel functions to 

[70]fullerene. 

Here， we report the tri-adducts [70]fullerene derivatives which possess biphenyl ester 
groups. To a suspension of Cu complex in THF was added a solution of 

EtOCOC6H4C6H4MgBr which was prepared by iodine-magnesium exchange procedure[2]. To 

the resulting yellow suspension was added a solution of [70]fullerene to obtain 

C70(C6H4C6H4C02Et)3H (1). The sequential methylation or complexation of 1 afforded 2， 3 
and 4. Electrochemical and photophysical properties ofthese compounds wi11 be presented. 

C70 
Functionalized Cu complex 

J〆

C02Et 

2 

C02Et 

t 

[Cp*Fe(NCMe)オPF6

[Cp合Ru(NCMehlPF6

C02Et C02Et 

3 4 

[1] M. Sawamura， M. Toganoh， H. Iikura， Y. Matsuo， A. Hirai， and E. Nakamura， J. Mater. Chem. (Fullerene 

issue)， 12ラ2109・2115(2002). 

[2] Y.品T.Zhong， Y. Matsuo， and E. Nakamura， Org. Lett.， 8， 1463司1466(2006). 
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Shinjuku-ku， 152-8601 

Thermal degradation of radically polymerized polymethylmethacrylate (PMMA) in 
nitrogen atmosphere is explained by three reaction stages [1]. Differential scanning 

calorimetry (DSC) curve of the PMMA shows three endothermic peaks corresponding to each 
stage. With an increase in the content of C60 addition， the first peak disappears and other peaks 
shift to high temperature. 

In this study， we investigate the thermal stability of 
PMMA with or without fullerenes. The influence of C60， 
C600， and [6，6]-phenylC61-butylic acid methyl ester 
(PCBM)， which have different electron affinity (Table1)， 
on the thermal degradation of PMMA are kinetically 

studied. The apparent activation energies， Ea， associated 
with the second and third degradation stage of PMMA are 
calculated by the methods of Flynn-Wall-Ozawa [2] and 
Kissinger [3]. 

Calculated kinetic parameters are shown in Table 2. The Ea values of the PMMA 
containing any kind of fullerenes are comparable to each other and higher than that of pristine 
PMMA. These results indicate that fullerenes heighten the degradation point of PMMA and 

are good stabilizer for PMMA. The kinetic compensation parameters for thermal degradation， 
Sp¥are calculated according to Sp * = E.α/ logA [4]. The Sp * of PMMA with or without 
白llerenesshows almost constant value. It suggests that shift of the peak top temperature of 
second and third degradation stage of PMMA does not accompany with the a1teration of 
degradation mechanism of PMMA. 

Table1. Reduction potential of 

fullerenes ( vs. Ag/ Ag +) 
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Table 2. Kinetic parameters ofthermal degradation at the second 
degradationstage of PMMA calculated by the Kissinger method. 

Ea / kJ mor1 A / min-1 a) Sp * 

PMMA 171.7 4.13x 1012 13.6 

PMMA/C60 196.5 7.49x1014 13.2 

PMMAlC600 190.5 1.64x 1014 13.4 

PMMAIPCBM 199.3 1.54x 1015 13.1 

a) Preexponential factor. 

[1] T. Kashiwagi， et al.， Macromol. 1986，19，2160. [2] T. Ozawa， Bull. Chem. Soc. Jpn. 1965，38， 1881. 
[3] H. Kissinger， Anal. Chem. 1957，29， 1702. [4] M. Maciejewski， J. Thermal Anal. 1988，33， 1269 
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Recently， we have shown that fullerene oxide can be transformed into 1，3-dioxolane 
derivatives or 1，4-bisadducts efficiently[1][2]. In the present s旬dy，we report the synthesis of 
indolino-[60]fullerene derivative by the nucleophilic substitution of epoxy group on C600 (1). 
Reaction of 1 with excess aromatic amine in the presence of acid catalyst affords fullerene 
derivative (3) bearing five-membered heterocyclic structure. 

刷。山

PhCI.1200C 
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The structure for 3 was confirmed by using FT-IR， MSラ lH_and 13C-NMR 
measurements. The reactions in the presence of several catalysts under the similar conditions 
were carried out， and the results are listed in Table 1. The reaction produced 3 in ca. 50 % 
yield under BiCb， which catalyzes opening of epoxide ring with aromatic amines[3]. The 
production of 3 was also enhanced by the presence of Montmorillonite K10 and Sepiolite， 
whereas neither p-toluenesulfonic acid (TsOH) nor Amberlyst 15 was produced 3 as main 
product. During the reaction， we observed the formation of 1ユーaminoalcohol(2) as an 
intermediate. These results imply that the reaction proceeds in only aprotic condition via a 
nucleophilic substitution of 1 with aromatic amine followed by a cyclization of 2. 

Table 1. Reaction of 1 with aromatic amine in the presence of catalyst Table 2. Reduction potentials vs Ag/ AgCI 

catalysts tlm巴 yield(%) temperature (0 C) compounds E'red E
2
red i

円

J
3 
FEd 

BiCI3 2h 50.3 120 C60 -0.85 -1.23 -1.68 
Montmorillonite KIO 6h 56.7 120 
Sepiolite 6h 63.8 120 
TsOH 5d trace 100 

C600 -0.81 -1.34 ー1.69

PCBM -0.94 -1.30 -1.81 

Amberlyst 15 5d O 120 3 -0.92 -1.29 -1.80 

Electrochemical data for the first three reductions of 3 are given with those of C60， C600 
and PCBM in Table 2. The first reduction potential of 3 is significantly low and comparable to 
that of PCBM. 

[1] Y. Shigemitsu， M. Kaneko， Y. Tajima， K. Takeuchi， Chem. Lett.， 2004，33(12)， 1604-1605. 
[2] Y. T:勾lmaラT.Hara， T. HonmaラK.Takeuchi， Org. Lett.， 2006， 8(15)， 3203-3205. 
[3] T. 01levier， G. Lavie-Compin， Tetrahedron Lett.， 2002， 43， 7891・7893.
Corresponding Author: Yusuke Tajima 
TEL: +81-48-467-9309， FAX:十81-48司462-4702，E-mail: !aiima@riken.ip 

一 134-



2P-7 

Solid-State 45SC・• and 13C_NMR  of SC2C2⑧CS2 Carbide Metallofullerenes 
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1 Department of Chemistry and Institute for Advanced Research， 
Nagoya.Uniνersity， Mαgoya 4ß4-86p~， Japa!l 

2Intsitutfur Physikaliscne Chemie and NRW Graduate School ofChemistη Univesita・t
3""，-，("'1'7' T Mu::s.ter， Corr~~st，:assle 30，y-4814?'.A1~~~t臼; Germany 
CREST， Japan Science and Technology Corporation， C/O Department 01 Chemistη1， 

Nagoya University:Nagoya 464-8602， Japan 

Metal carbide fullerenes are an intriguing class of fullerene materials encapsulating 
metal-carbide cluster inside carbon cages [1]. For example， SC2C2@C82(III) encages two Sc 
metal and C2 cluster in a carbon cage of C3v symmetry [2，3]. Two Sc ions have been observed 
to rotate in the carbon cage as revealed by solution NMR [4]. Although many NMR 
measurements have been reported for metallofullerenes， almost all measurements have been 
done on liquid-state NMR. Hereラ wereport solid-state NMR of Sc-metallofullerenes and 
discuss an intra-fullerene motional dynamics of Sc metal atoms in the fullerene solid. 
SC2C2@C82(III) solid. was prepared by drying a purified (99.9 %) metallofullerene in vacuo 
剖 roomtemperature. 45SC NMR and 13C NMR 
spectra were recorded at 121.5 and 125.7 MHz， 
respectively， on a Bruker DSX 500 spectrometer， 
incorporating a 2.5mm magic angle spinning 
NMR probe. Spectra were taken on samples 
spinning at a rate of 0-25 kHz， using 900 pulses 
of 1.44μs for scandium and 3.00μs for 
carbon， which was followed by a relaxation 
delay of 0.5 s. The temperature dependence was 
observed between 300 and 373 K. The chemical 

373K 

353K 

300K 

1000 500 0 -500 
shifts for scandium and carbon atoms were CneIlllcal Shift / ppm 

calibrated by using aqueous solution of Figure 1. Solid State 45SC-NMR spectra of 
scandium nitrate and adamanti!le， respectively. Sc2C2@CdIII) 
Figure 1 shows solid state斗"Sc-NMRspectra 
of SC2C2@C82(皿)剖 atempera加rerange from 
300 to 373 K. The signals shown in Fig.1 were 
the only signals obtained in the chemical shift 
range -500 to 1000 ppm. This also indicates 
there is no overlap of two resonances with 
almost similar chemical shifts. The activation 
energy estimated from the corresponding 
Arrhenius plot is 6.59 kJ/mol which. is lower 
than 8.49 kJ/mol by a solution ‘tJSc-NMR 160 155 150 145 140 135 130 125 120 
report.~d by Miyake et al. Figure 2 shows solid Chemical Shift / ppm 
state ljC-NMR spectrum of SC2C2@C82(III)剖 Figure2. Solid State 13C-NMR spec回 of
room temperature. It is suggested that SC2C2@Cd皿)
SC2C2@C82(皿)白lllerenesare in a certain 
(re-stricted)-~otion in the solid state judging from the observed sharp 13C-NMR lines. 
References: [l]C.-R. Wang et al.， Angew. Chemie. Int. Ed.， 40. 397(2001). [2]Iiduka et alリ Chem.Commu.， 
2057 (2006). [3]E.Nishibori et al.， Chem. Phys. Lett. 433， 120(2006). [4]Y. Miyake et al.， 1. Phys. Chem.， 
100，9579 (1996). 
Corresponding Author Hisanori Shinohara E-mail noris⑨nano.chem.nagoya・u.ac.]p
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From the temperature dependence of 13C NMR spectra of Ca@C74ぅ it

was found that the symmetry of the cage is D3h and that the Ca atom hops 

between several sites inside the cage[l]. It was suggested that the Ca deviates 

from the center of the cageうandthe stable structure of Ca@C74 is C2v at low 
temperature. With increasing temperatureうthemetal moves within the σh 

plane. Density functional calculations also predicted that the most stable 

str町 tureof Ca@C74 is C2v [2] 
町1otionof the encapsulated metal in M@C74 (M=BeぅMgぅCa，SrぅBa)
is studied in terms of vibronic coupling using group theory approach. The 

selection rule for the symmetry of metal motion is presented. This agrees well 

with experimental findings for Ca@C74・Themetal motion can be regard as a 

pseudo-J ahn-Teller e汀'ect.The electronic structures and adiabatic potential 

surfaces of M@C74 are calculated using the tight-binding approximation. 

[1] T. Kodama， Y. FujiiヲY.Miyakeぅ S.SuzukiうH.Nisl社kawaう1.IkemotoぅK
Kik吋lIう andY. AchibaヲChe仇 p}ゅ Lett.399う94(2004).

[2] S. NagaseぅK.KobayashiぅandT. Akasaka， J. Mol. Struct. (Theocl附 n)461-
462う97(1999) 
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Chemical Functionalization of Li⑨C60 by Its Reaction with 

spiro [2-Adamantane-2，3 '-3HーDiazirine]
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2
， Yasuhiko Kasama

2
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Kuniyoshi Yokoo2， Shoichi Ono2
ラ
andHiromi Tobita1 

1 Department 01 Chemistry， Graduate School 01 Science， Tohoku University， 

Sendlαi 980-8578， Japαn 
2ldeal Star lnc.， ICR Bldg，ふ6-3Minamiyoshinari， Aoba-ku， Sendai 989-3204， Japan 

Ideal Star Inc. has recent1y achieved the synthesis of the Li@C60-containing material 
and its extraction with l-chloronaphthalene to afford the Li@C60-enriched product. Howeverラ
several spectroscopic and elemental analyses indicate that the extracted product contains a 

large amount of emp守 [C6o]fullerenemolecules. We suggest that Li@C60 molecule is 
associated with C60 molecules to form a cIuster structure formulated as (Li@C60)(C60)x (1， x = 
12 ~ 20). Because of low solubility of 1 in common solvents as well as unexpectedly strong 

intermolecular force between Li@C60 and C60， we have not succeeded in isolation of Li@C60 
from 1 by extraction or chromatography. 

Thus， we have focused on the chemical functionalization of 1 with a bulky 
adamantylidene group to improve the solubi1ity as welI as ravel out the cIuster structure. For 
example， Akasaka et al. reported the chemical functionalization of La@CS2 by 
spiro[2-adamantane-2，3' -3H-diazirine] (AdN2) to give La@CS2(Ad)1. 
Herein， we report the reaction of (Li@C60)(C60)x (1) with excess AdN2 and 

characterization of the reaction product (1園Ad). Treatment of 1 with excess AdN2 in 

l-chloronaphthalene gave l-Ad as a brown powder. 1・Adwas characterized by LDI-TOF MS 

spectroscopy， where the several peaks assignable to Li@C60(Ad)n (n = 1 ~ 6) were observed. 
1・Adhas higher solubi1ity in o-dichlorobenzene and CS2 compared to 1. 

N />、

(Li@C60)(C60)x +飢餓|ウぐに〉
N ¥/ノ

hvor~ 

ー-
1-Ad 

ーN2

(x = 12 -20) AdN2 

[1] Y. Maeda et al.， J. Am. Chem. Soc.， 126，6858 (2004). 
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Structure and Electronic Property of Sc⑨CS2 
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1 Center for Tsukuba Advanced Research Alliance， University of Tsukuba， 2 Department of 

Chemistry， Tokyo Gakugei University， 3Dψαrtment of Theoretical and Computational 

Molecular Science， Institute戸rMolecular Science 

Since the first success in the extraction of endohedral metallofullerenes in 1991， M@CS2 

(M = Sc， Y， La and other lanthanide elements) has been most widely investigated as a 

prototype ofmono-metallofullerenes [1]. For example， the structure and electronic property of 

La@Cs2 have been revealed by theoretical calculations and various experimental methods 

such as 13C NMR and X-ray powder diffraction studies and X-ray single四crystalstructure 

analysis. Meanwhile， the structure of Sc@CS2 has been reported by X-ray powder diffraction 

study [2]， however， its electronic property and chemical reactivity have not so far been 

clarified. 

Because of the paramagnetic nature， it is difficult to determine the structure of Sc@CS2 by 

13 
C NMR measurement. We have developed a new method to determine the structures of a 

series of paramagnetic mono-metallofullerenes by 13C NMR measurements in their anionic 

form [3]. Herein we report the structural determination of SC@CS2 by using this method. 

Electronic property and chemical reactivity of Sc@CS2 were also investigated. 

References 

[1] Endofollerenes: A New Family ofCarbon Clusters;・Akasaka，工，Nagase，S.， Eds.; K1uwer: Dordrecht， 2002. 

[2] Nishibori， E. et a1. Chem. Phys. Lett. 1998，298， 79. 

[3] Akasaka， T.巴ta1. J. Am. Chem. Soc. 2000， 122， 9316. 
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Missing島1etallofullerenes:La@C2n 
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Endohedral metallofullerenes have attracted special interest since they could lead to 

new spherical molecules with unique structure and properties that are unexpected for empty 
fullerenes. In 1991， Smalley and cかworkersreported that La@C60， La@C74， and La@CS2 
were produced especially abundantly in the soot， but only La@C82 was extracted with 
toluene[1]. Since then， the chemistry of soluble endohedral metallofullerenes has been started 

by centering on that of La@CS2' and up to now many soluble endohedral metallofullerenes 
have been separated and characterized. However， insoluble endohedral metallofullerenes such 
as La@C60， La@Cn， and La@C74， have not yet been isolated although they are regularly 

observed in the raw soot by mass spectrometry. 
We herein report the isolation of La@Cn， La@Cw and La@C76 as an endohedral 

metallofullerene derivative， La@Cn(C6H3C12)[2]， La@C74(C6H3C12)[3]， and La@C76(C6H3C12)' 
respectively. The structural determination has been performed by spectroscopic and finally 
X-ray crystallographic analysis， and these properties are discussed on the basis of the 

theoretical study. 

Figure 1. Structure of (a) La@Cn(C6H3C12) and (b) La@C7iC6H3Cl2) 

References: 
[1] Chai， Y.; et aL J. Phys. Chem. 1991，95，7564. 

[2] Wakahara， T.; Nikawa， H.; et al. J. Am. Chem. Soc. 2006，128，14228. 

[3] Nikawa， H.; Kikuchi， T.; et al. J. Am. Chem. Soc. 2005， 127，9684. 
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Internal Friction Measurement of Fullerene Films 
by Vibrating Reed Method 
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Temperature dependence of the C60 and C70 ful1erene films was measured by vibrating reed 

method in the temperature range from 110K to 500K. The ful1erene film was deposited on 

Cu-alloy substrate of dimensions of 40mm x 5mm x O.lmm at 473K by vacuum sublimation 

in a residual gas pressure below 2.0 x 10-6 Torr. Thickness of the ful1erene films obtained was 

confirmed to be about 1000 nm. X -ray diffraction measurements show that no any diffraction 

peak was observed. lntemal friction 

of both the Cu-al1oy substrate and 

the ful1erene/Cu-al1oy sample were 

measured， and then the temperature 

dependence of intemal企ictionof 

the fullerene films was caIculated. 
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The temperature dependences of 

intemal friction of the C60 and C70 

films are shown in Fig.l. We see in 

the figure that the intemal friction 

of C70 film is larger than that of C60 

film. This may be related to a lower 

symmetrization of C70 molecule. A 

100 200 300 400 500 
Temperature[K] 

Fig.1 Temperature dependence of internal friction 

strong intemal 企iction peak is of C60 and C70 film. 

observed around 280K in both fullerene films. We believe that the intemal企ictionaround 

280K is due to a rotation of C60 or C70 molecule in their amorphous phase. ln the figure a 

weaker peak is observed around 400K in the C70白1monly. This intemal企ictionmay be 

related to a rotation of C70 molecule along its shorter axis. 

Refer官lces:Z.S.Li， Q.F.Fang， S.Veprek， S.Z.Li， Mater.Sci.Eng.A 370(2004) 186-190 
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We have reported that solution-processed organic thin-film transistors (TFTs) based 

on long-chain alkyl-substituted C60 derivatives exhibit high field-effect electron 

mobility [1-2]. Recently， we have reported an organic TFT based on a perfluoroalkyl 

substituted C60 derivative， C60-fused N-methylpyrrolidine-para-perfluorooctyl phenyl 

(C60PC8F17)， shows high mobility and air-stability [3]. In this study， for evaluating the 

effect of perfluoroalkyl-chain orientation， we fabricate and characterize TFTs based on 

various perfluorooctyl substituted C60 derivatives. Films of C60 derivatives were 

fabricated on highly doped silicon wafers covered with Si02 by spin coating from 

chloroform solution under ambient condition. Source and drain gold electrodes were 

deposited on the film. The TFT 

characteristics were measured in a vacuum 

and air at room tempera同re.

Table 1 shows electron mobilities of the 

TFTs in a vacuum and after exposure to air 

for 5 hours. C60孔1C8F17- and 

C60PC8F 17 -TFT exhibited high electron 

mobility in a vacuum， whereas the mobility 

of C60MC8F 17 -TFT largely decreased in 

C600C8F17 (R2=R3=H， R1=CsF17) 

C60MC8F17 (R1=R3=H， R2=CsF17) 

C60PC8F17 (R1=R2=H， R3=CsF17) 

Table 1. Electron mobilities ofthe TFTs 

C600C8F17 
C60MC8F17 
C60PC8F17 

Mobilitv (cm2Ns) 
Vacuum 
0.001 
0.02 
0.07 

記丘並旦旦i

4x104 

0.008 

air. C600C8F 17 -TFT exhibited low mobility in a vacuum and no active performance in 

air. These results indicated that perfluoroalkyl-chain orientation of C60 derivatives 

strongly affects the TFT performance. 

This study was partly supported by Industrial Technology Research Grant Program in 2006 from New 
Energy and Industrial Technology Development Organization (NEDO) of Japan. 

[1] M. Chikamatsu et al.， Appl. Phys. Lett. 87， 203504 (2005). 
[2] M. Chikamatsu et al.， J. Photoch. Photobio. A 182， 245 (2006). 
[3] M. Chikamatsu et al.， The 31 th Fullerene-Nanotubes General Symposium， 1P-16 (2006). 
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Ful1erene derivatives are paid attention as one of the tendency to improve carbon 
materials. We have been working on a quantum-chemical design of conductive materials 

and career transport materials (for example， polythiophene and polysilane)， and reported that 
the career mobility can be predicted according to the ratio of intermolecular orbital overlap 

and reorganization energy λto the injection ofthe career. 

In the present study [1]， we focus on the hydrogenation of C60 and its effect on the 
hole transport property. Density functional theory ca1culations (B3LYP/6-311G(の)are 
applied to C60 and 11 isomers of C6oH2 (Figure 1) with small heat of formation AJf

o [2]， 
focusing our attention mainly on the 問 organizationenergy λto the hole injection. It is well 
known that small reorganization energy λcauses the effective hole transport. 

Reorganization energy λof C60 to the 

hole injection is 94 me V， and those of C6oH2 are 
shown in Figure 1. A of two synthesized 
isomers (Oa and 2a [3]) is 65 meV， which is 
smaller than that of C60・ Itshould be noted 
that 2b and 3a isomers have further smaller λ 

(50 and 62 meV， respectively) than Oa and 2a， 
though they have not been synthesized. 工hese
results indica白血atsome isomers of C回Hz.
have potential utilitv as hole transport 

materials. 

In order to propose the design manual 

of hole 仕ansport materials based on the 

ful1erene derivatives， analysis of the 
reorganization using vibronic coupling density 

η[4，5] or nuclear Fukui functionゆ[6]is 
carried out. Details of the ca1culation and 
analysis will be presented in the symposium. 

Figure 1. A part of Schlegel diagram of C60 and 
numbering of carbon atoms. The initial 
hydrogen is placed at carbon atom colored black 
and the second hydrogen at one of Oa・4a
carbons to produce 11 isomers of C60H2・
Inserted values in the parenthesis are the 
reorganization energies λ(meV) of each isomer 
to the hole injection. 

[1] K. Tokunaga， S. Ohmori， H. Kawabata， and K. MatsushigeラSynth.Met.， to be submitted. 

[2] N. Matsuzawa， D. A. Dixon， and T. Fukunaga， J Phys. Chem. 96， 7594 (1992). 

[3] C. C. Henderson and P. A. Cahill， Science 259，1885 (1993); A. G. Avmt， A. D. Darwish， D. K. Heimbach， H. 

W. Kroto， M. F. Meidine， J. P. Parsons， C. Remars， R. Roers， O. Ohashi， R. Tay10r， and D. R. M. Walton， J 

Chem. Soc. Perkin Trans. 2， 15 (1994). 

[4] K. Tokunaga， T. Sato， and K. Tanaka， J Chem. Phys. 124， 154303 (2006). 

[5] K. Tokunaga， T. Sato， and K. Tanaka， J Mol. Struct.， in press. 

[6] M. H. CohenラM.V. Ganduglia-Pirovano， and 1. Kudmovsky， J Chem. Phys. 101，8988 (1994). 
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Polymerization of pressed powder and solution-grown fullerene 
with free electron laser irradiation 

oNobuyuki Iwata， Shingo Ando， Yasunari Iio， 
Ryou Nokariya and Hiroshi Yamamoto 

College ofScience & Technology， Nihon University 
7-24-1 Mαrashinodai， Funag，αshi-shi Chiba， Japan 274-8501 

We have been studying the polymerization of C60 with free electron laser (FEL) 
irradiation. The FEL has the features of wavelength variability and extremely sharp pulse 
width， ~ several hundreds femtosecond. The pu中oseof this work is to synthesize an 
amorphous and polymerized fullerene bulk. In our previous works the optimization is 
carried out conceming about the irradiation wavelength， that is 450 ~ 500 nm.[ト2]
However the polymerization訂eais limited to approximately 5μm in a diameter， the reason of 
which is probably the limited directions for polymerization. The directionality is expected to 
be reduced inserting some molecules with double bonds between C60 molecules and then an 
amorphous C60 polymer is also anticipated. In this presentation FEL was irradiated to C60 
precipitates on the bottom in the saturated toluene. In addition the effect of FEL irradiation 
against the specimens grown by liquid-1iquid interfacial precipitation (LLIP) method as well 
as the pressed powder will be investigated. 
The C6ωo powder (99.5%) was pressed tωob玩ebulk specimen and 3 r吋dharmonics 500 nm 

FE日ILh114r:rVa部S1町打rra“dia州 (白加nd由am悶 en臨雌ta凶alen附1
annealing a剖t120伊oC. Another approach is as follows. 

30 蹴麟醐儲甑園盟国 /¥  The C60 powder 0.2 g was dissolved in toluene 30 ml 
subsequently sonicated for 5 min and then was 
maintained for 3 days. FEL was irradiated for one 
hour to the remained C60 powder at the bottom of a 
glass bottle fiUed with the saturated toluene. 
Irradiated powder was pressed and the surface of it 

480 was evaluated by optical microscope and Raman 
analysis. 
In figure 1 optical microscope image and 

Raman spectra inside the circle， center of the image. 
Small shinny grain， ~5μm中ラ was observed and出at
showed the photo-polymerization demonstrated by 
the peak around 1460 cm寸 inRaman spectrum. 
Fi伊re2 shows the optical image of the specimen 
irradiated in the saturated toluene， the spectrum of 
which was similar to that of Fig.1. It is clearly seen 
that a lot of polymerized grains， indicated by the 
dotted circles， were obtained. It is expected that the 
solution help polymerize C60 molecules. 
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Electrical Properties of九1.g-dopedC60 Thin Films 

oNobuaki K吋ima，Takashi Terayama， Hidetoshi Suzuki， 
Masato N atori and Masafumi Yamaguchi 

4 5 e 7 8 
叩 3庁 (K-')

Fig. 1: Temperature dependence of conductivity of 

Mg-doped C60 films. 

Toyota Technological Jnstitute， 2-12-1 Hisakata， Tempaku， Nagoya 468-8511， Japαn 

C60 solids have been known as high resistive semiconductor materials. For the practical 
use of this unique semiconducting carbon molecular solid， it is necessary to control 
conductivity by impurity doping. C60 intercalation has been studied extensively with regard to 
the superconducting compounds. Alkali and alkali earth metals， such as Li， Na， K， Rb and Ba 
have been used mostly as guest metals in the previous study. The valence electron level of 
almost alkali and alkali earth metals lies at higher energy than LU孔10幽derivedband of C60， 
and the valence electrons of guest metals transfer to the C60 LUMO-derived band. Thus， these 
compounds show the metallic behavior. For the semiconductor device application， the search 
for new guest materials is necessary. Mg is one of the promising materials for guest metal 

showing semiconductor property. R. P. Gupta et al. reported the energy band ca1culation of 
Mg2C60 solids， and indicated that Mg2C60 was semiconductor， since Mg 3s指derivedoccupied 
band was formed between C60 HOMO-LOMO levels [1]. In this paper， we will report Mg 
doping into C60 films by co司evaporationof C60 and Mg， and their electrical properties. 
C60 and Mg-doped C60 films were grown by using molecular beam deposition chamber. 

The base pressure of the chamber was 3xlO-7 Pa. The pure (99.98%) C60 powder and Mg 
(99.9%) was evaporated from a Knudsen cell. The beam flux of the each source was 
monitored by a nude ion gauge at the substrate position. The ratio of Mg/C60 source was 
changed in the range ofO.04 to 0.7. The growth rate ofC60 was 2~3 nm/min， and the total film 
thickness was around 500 nm. The film composition of Mg:C60 was confirmed by X-ray 
Photoelectron Spectroscopy (XPS). For the conductivity measurements， Mg-doped C60 films 
were evaporated on the glass substrates coated with Al stripe electrodes at 0.5 mm spacing 
and 10 mm long. The conductivity was estimated from I-V characteristics between the 
adjacent bottom electrodes with 
variable temperature under the vacuum 
condition. 

Temperature dependence of 
conductivity of Mg-doped C60 films 
with different Mg concentrations are 
shown in Fig. 1. The conductivity at 
room temperature increases with 
increasing Mg concentration， and its 
temperature dependence consists of 
two or more thermally-activated 

with different activation 
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[1] R. P. Gupta， M. Gupta， Physica C， 219， 
(1994) 21-25. 
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Physical Properties of H2 Endohedral C60 

Katsumi Tanigaki1， Takeshi Rachi1， Ryotaro Kumashiro1， Yasujiro Murata2， Koichi Komatsu2， 

Toru Kakiuchi3， Hiroshi Sawa3， Yoshimitsu Kohama4， Satoru Izumisawa4， Hitoshi Kawaji
4 

and Tooru Atake4 

1Dψαrtment of Physics， Graduate of Science， Tohoku University 

2Institute of Chemical Research，めotoUniversiか

3 Material Structure Science， KEK 

4Materialsαnd Structures Laboratoη，おかoInstitute ofTechnology 

16_3 Aoba， Aramaki， Aoba， Sendai 980-8578， Japαn 

2巧i，Kyoto 611-0011， Japan 

31_1， Oho， Tsukuba 305-0801， Japαn 

4259 Nagatsuta-cho， Midori-ku， Yokohαmα226-8503， Japan 

Endohedral Fullerenes have been at仕actingmuch attentions in the past decade in 

both chemistry and physics. Although very intriguing physical properties are expected in 

endohedral C60 family fullerenes， almost all the studies in physical properties have been 

focused on atom endohedral C82 fullerenes. This is because the latter can macroscopically be 

produced. Recently hydrogen molecule endohedral C60 has been synthesized in macroscopic 

quantity using an elegant molecular surgery method in chemical synthesis. Therefore， we have 

attempted to study physical properties of this new endohedral fullerene， including the detailed 

studies on superconductivity upon carrier doping. 

The specific heat capacity measurements show two remarkable仕ansitionpeaks: one is 

at a high temperature regime for C60 disorder-order transition and the other is at a low 

temperature regime which is related to the rotation of the endohedral hydrogen molecule. 

When alkaline metals of K and Rb are doped to this system， superconductivity appears. 

In this presentation， we compare the both physical properties and the structure between 

C60 and H2@C60 on a basis of specific heat capacity measurements and structural information 

obtained from high resolution X ray diffraction measurements at SPring-8 and KEK. 

The present work is partially supported by the 21 st century COE program "Particle 

Matter Hierarchy" MEXT Japan， and Center for Interdisciplinary Research Project in Tohoku 

University. This work was performed by a Grant-in-Aid企omthe Ministry of Education， 

Science， Sports and Culture of Japanラ No.15201019， 1771088， 18204030， 18651075 and 

19014001. 

Corresponding Author: Katsumi Tanigaki 
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Preparation of carbon nanoparticles by biomolecules carbonIzation 

Masato Tominaga， OKatsuya Miyahara， Shinya Nomura， and Isao Taniguchi 

Graduate School of Science and Technology， Kumamoto Universityラ

Kumamoto 860“8555， Japan 

Ferritin， an iron storage protein， is a potential candidate for protein engineering of 

nanomaterial synthesis. In this study， the fabrication of two-dimensional carbon nanoparticles 

based on ferritin molecule was prepared via heat仕eatmentin a hydrogen gas atmosphere. 

A polished silicon substrate surface was treated by H202 I NH40H I water (1: 1:5 (v/v)). 

Then， the silicon substrate was modified with 3-aminopropyltrimethoxysilane (3-APMS). 

Ferritin was immobilized onto 3-APMS・-modifiedsilicon surface (3-APMS/Si) by immersion 

of substrate into a phosphate buffer solution of 0.2 !lmol dm-3 ferritin. Tapping-mode atomic 

force microscope(AFM) measurements were carried out under an atmosphere. 

Preparation of carbon nanoparticles on silicon substrate were performed by heat-treatment 

for ferritin on 3-APMS/Si at 400 oC for 60 min under H2 gas. Fig. l(a， b) show typical 

tapping-mode AFM images before and after heat-treatment. Before the treatment， ferritin 

molecules immobilized onto the silicon surface were observed as shown in Fig. l(a). The size 

of each ferritin molecule was evaluated to be approximately 9(土2)nm in diameter. After the 

treatment， carbon nanoparticles derived from the carbonization of ferritin were observed as 

shown in Fig. 1 (b)， which was evaluated to be approximately 5 nm in diameter. We wi1l 

discuss the detailed characterization of carbon nanoparticles. 
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Fig. 1 Tapping幽modeAFM images before (a) and after (b) heat幽treatmentfor ferritin immobilized 

onto 3-APMS-modified silicon substrate at 400 oC for 60 min under H2 gas atmosphere. 
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Influence of Electronic Excitation on High-Speed Ion Irradiation to 

Graphene Sheet 

o Y oshiyuki Miyamoto 1
ラ
ArkadyKrasheninnikov2， and David Tomanek

3 

lNano Electronics Research Labs， NEC， Tsukuba 305-8501， Japan 
2 Accelerator Lαbs， University 01 Helsinki， Helsinki 02015， Finland 

3Physics and Astronomy Dept， Michigan State Univ.， Michigan 48824-2320， USA 

Ion-irradiation is a usefu1 too1 for inducing structura1 changes on graphite， nanotube， 
and many carbon re1ated materia1s. Despite the utility of ion-irradiation， the atomic sca1e 
mechanism of the structura1 change remains unknown. There was no proper computationa1 
method to simu1ate the atomic sca1e phenomena of ion-impact on condensed matters 
especially for high-speed ion irradiations， since the conventiona1 Bom四Oppenheimer
approximation (BOA) is high1y questionab1e in that cases. 
To address va1idation (or inva1idation) of conventiona1 BOA in mo1ecu1ar dynamics 

(MD) simu1ationsラ weexamine the cases of H projectile targeting graphene sheet and 
compared the results between tight-binding (TB) MD method based on the 
density-functiona1-theory (DFT) and the MD method based on the time-dependent DFT 
(TDDFT) [1]. Although nice agreements between these two MD simu1ations is obtained when 
kinetic energy of projecti1e is 1ess than 100 e V， significant stopping power of the projectile is 
observed on1y by TDDFT-MD in high-speed region with corresponding kinetic energy beyond 
1 KeV. 
Even though the kinetic energy transportation 企omprojectile to recoi1 atom is 

neg1igib1e in both MD simu1ations under such a high-energy region， the 10st of kinetic energy 
ofprojecti1e is significant on1y in TDDFT-MD simu1ation. From the energy conservation ru1e， 
the stopping power can be interpreted as corrective e1ectronic shakeup by high-speed ion. 
This shakeup cannot be expressed within BOA. We discuss va1idation of using the 
TDDFT-MD method by comparing numerica1 results obtained by conventiona1 theory of 
high-speed impacts of ion to condensed matters. 
This work was supported by the Next Generation Super Computing Project， Nano 

Science Program， MEXT Japan. 

[1] 0 Sugino and Y. Miyamoto， Phys. Rev. B. 59， 2579 (1999); ibid， Phys. Rev. B 66， 089901(E) (2002). 
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Laser Induced Optical Emission of Polyynes 

oTomonari Wakabayashi1， Hiroyuki Nagayama1， Kota Daigoku2， 
Yosuke Kiyooka3， and Kenro Hashimot03 

Department 01 Chemistry， School 01 Science and Engineering， Kinki University， 

Higashi-Osaka， Osaka 577-8502， Japan1 

Department 01 Chemistry and Biological Science， College 01 Science and Engineering， 

Aoyama Gakuin University， Sagamihara， Kanagawa 229-8558， Japan2 

D句partment01 Chemistry， Graduate School 01 Science，おかoMetropolitan University， 

Hachioji，おか0192-039スJapan3

During the resonance Raman study ofvibrational structures ofpolyyne molecules [1]， we 

found optical emission spectra of the molecules in the visible wavelength regions. From the 

analysis of the vibrational structures of the emission spectra， the transition was attributed to 

the forbidden electronic transition. The weak transition was able to be detected after the effort 

of purification of the sample solution by repetitive HPLC operations. In the emission spectra， 

vibrational structures were c1early observed for such a re1atively large molecule. With the aid 

of theoretical investigations on the symmetry selection rules， the spectral features were 

explained by vibronic transitions of characteristic vibrational modes. 

In this work， optical emission spec仕aof polyyne molecules C2nH2 (n=5-8) were observed 

upon UV-laser irradiation for the dipole-allowed transition， 1Lu+←xlZg+ラ ofsize-separated 
polyyne molecules in n-hexane. The emission spectra of ClOH2 show distinct peaks at 436 and 

480 nm with a separation of ~2100 cm-1 for the stretching vibration of the sp-carbon chain. 

Weak absorption features were also detected nearby UV regions in shorter wavelengths. The 

spectral features in the emission spectra were assigned to vibronic bands of the forbidden 

electronic transition， 1 ~u→X1Lg+， within the spin-singlet manifold. The emission wave1engths 

of the series of polyynes increase systematically with increasing size n. 

[1] T. Wakabayashi et al. Chem. Phys. Lett. 433，296 (2007). 
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Fabrication of C60 Fullerene -Ethylenediamine Nanoparticles and 

Their Photoelectrochemical Application 

Ken-ichi Matsuokal， Hidetaka Se02， OTsuyoshi Akiyama1，3 and Sunao Yamada1，3 

lDepαrtment 01 Materials Physics and Chemistry， Gra刀αdぬuαt陀eSchool 01 El昭?智gi.的'neeri.ηげ"lぜi.β~1略F
Uniνver，円'si抑〈ην~ 744 Moto-。初， 1¥Tishi-ku，Fukuoka819-0395， Japan 

2 Department 01 Materials Sciences and Engineering， School 01 Engineering， Kyushu 
University， 744 Moto-oka， Nishi-ku， Fukuo初 819-0395，Japan 

3Dψαrtment 01 Applied Chemistry， Graduate school 01 Engineering，めushuUniversity， 744 
Moto“ok，α， Nishi-ku， Fukuoka 819-0395， ~αrpan 

Fullerene has been one of promising nanocarbon materials for use in 
high-performance (photo )electronic devices. Especially， C60 clusters have been attracting 
much attention， because assemblies of C60 exhibit high mobility of electrons. Thus， 
application of the C60 clusters to photoelectric conversion devices is quite interesting. On 
the other hand， early studies reported that the addition reaction between C60 and some 
aliphatic diamines generated cluster-like precipitates. In this research， we have clarified t出ha叫t 

the reaction of C6“剖owith a large excess of et白hyl
consisting of C6ωo and EDA and have found t白ha瓜tt白heresu叫11t旬ar凶1tnanospheres subs幻tant“iallyy 
e白n由ha加nc印edthe pho抗tocurrentsignal from a polythiophene film.1) 

C60P 

+ H2N-(CH2h幽NH2一一一+

C60P C60PIP3DTIITO 

Figure 1. Preparation abstract of C60P and the structures of C60PIP3DT/ITO 

Figure 1 shows the abstract of the preparation of fullerene -EDA particle (C60P) 
and the structure of C60P modified polythiophene film. C60Ps were prepared by mixing of 
C60 toluene solution and EDA. C60Ps were collected by filtration and dried in vacuo. The 
result of scanning electron microscope image of C60Ps indicated that the almost C60Ps were 
roughly spherical with the diameter about 300 nm. C60 layer was superimposed on the 
poly-3-dodecylthiophene (P3DT) film modified indium欄tin.咽oxideelectrode (P3DT/ITO) to 
give C60P modified composite film C60P!P3DT/ITO. In the presence of sacrificial reagent， 
C60P/P3DT/ITO was generated the stable photocurrent. The photocurrent from 
C60PIP3DT/ITO was roughly three時timesenhanced as compared with that of reference 
P3DT/ITO electrode. Experimental details and further discussion will be addressed in the 
presentat1 on. 

Reference 

1) fふi.Matsuoka， H. Seo， T. Akiyama and S. Yamada， Chem. Lett.， accepted. 
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Formation of Polyhedral Graphite Particles by High-density Carbon Arc 

Discharge 

OYoji Katagiri， Akira Koshio， Junpei Mabuchi， and Fumio Kokai 

Division ofChemistrア戸rMaterials， Graduate School of Engineering， Mie Universiか~ 1577 
Kurimαmachiya-cho， Tsu， Mie 514-8507， Japan 

It is known that polyhedral graphite (PG) partic1es having a structure composed of many 
polyhedra with 100-500 nm diameters are formed by the laser vaporization of graphite in a 
high-pressure Ar atmosphere [1]. These PG partic1es can be used as a lubricant because of 
their unique structures and properties， such as chemical and mechanical stability during 
high-pressure compression [2]. We have reported that PG partic1es can be formed efficiently 
by using cellulose char as an additional carbon source in the arc discharge (high-density 
carbon arc discharge) [3]. In this study， we investigated the formation condition of PG 
partic1es in more detail and the inf1uence of the carbon density on the PG partic1e formation in 
arc plasma. 

The PG partic1es were produced by conventional carbon arc discharge with a cellulose char 
pellet introduced into the arc plasma in an Ar atmosphere. The cellulose pellet was charred at 
350

0

C for 60 min before arc vaporization. A graphite anode and the cellulose char pellet were 
simultaneously vaporized in DC arc plasma. 
Figure 1 shows a TEM image of some typical PG partic1es formed by high-density carbon 
arc discharge. They have facets and highly graphitized concentric structures that are the same 
as those formed by laser vaporization. The interlayer spacing was approximately 0.34 nm. 
Figure 2 shows the size distribution of the formed PG partic1es. The diameters of the partic1es 
ranged 企om100 to 560 nm and the average diameter was 290 nm. These resu1ts are similar to 
those for laser vaporization. It is usually necessary to have a high-pressure ofO.8 MPa to form 
PG partic1es by laser vaporization. Howeverラ PGpartic1es can be formed efficiently at a 
low-pressure of 0.1 MPa by using our arc technique. We assume that the additional carbon 
source from the cellulose char pellet lead to the high density carbon species equivalent to that 
of laser vaporization in high-pressure Ar. 
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Fig. 1 TEM image of PG particles produc巳dby 

high-density carbon arc discharge in Ar. 

200 300 400 渋滞 鉛G

Di削蜘r(nm)
Fig. 2 Size distribution of PG particles produced 

by high-density carbon arc discharge in Ar. 

References: [1] F. Kokai et al.， Appl. Phys. A， 77，69 (2003). 
[2] A. Nakayama et al.. Appl. Phys. Lett. 84， 5112， (2004). 
[3] A. Koshio et α1.， The 3rt Fullerene-Nanotubes Gener.α1 Symposium， 2P四21
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Energetics of Nanographite: Edge Geometries and Electronic Structure 

o Susumu Okada 

Institute of Physics and Center for Computational Sciences， University ofTsukuba， 
1訟nnodai，Tsukuba 305-8577， Japan 

CREST， JST， 4-1・8Honcho， Kawaguchi， Saitama 332-0012， J.αrpan 

Monolayer graphite sheets with nano-meter scale (nanographite) are fascinating as a new 
comer for constituent units of the nano・scaleelectronic devices due to their interesting 
electronic and geometric properties. For the theoretical studies， graphite ribbons with finite 
width are usually considered to mimic the nanographite which intrinsically possess edges and 
nanometer width. There have been a much theoretical works to study the electronic properties 
of graphite ribbons. Because an interesting class of localized states cal1ed edge state has been 
found in the ribbons with zigzag edges. The edge state is localized at but extended along an 
edge of the graphite ribbon resulting in the partially filled flat dispersion band in a part of 
Brillouin zone. Despite a lot of calculations on the electronic properties， the energetics for 
formation of the nanographites is not addressed yet. Thus， in the present work， we study the 
energetics of graphite ribbons by using the first-principles total幽energycalculations in the 
framework of the densi守 functionaltheory. Figures l(a) and (b) show the edge formation 
energy of the graphite ribbons with the edges of zigzag and armchair arrangementsラ
respectively. The edge formation energy for the zigzag edge is 0.3 eV/atom. On the other hand， 
for the armchair edge， the energy is 0.1 eV/atom. Thus the armchair edge is much preferable 
to the nanographite flakes. However， since the formation energy for the zigzag edge strongly 
depends on the width of the ribbon， the zigzag edge also emerges around the apex of the 
flakes and the boundary of the nanographite is formed by the mixtUI・eof the armchair and 
zigzag elements. For the armchair edges， the periodic oscillation of the formation energy is 
ascribed to the electronic structure of the ribbons. 
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Energetics of C60 Encapsulated in Carbon Nanotubes 

OSusumu Okada 

Institute of Physics and Center for Computational Sciences， Unかersi，砂ofTsukuba，
Tennodai， Tsukuba 305・857えJapan

CREST， JST， 4-1・8Honcho， Kawaguchi， Saitama 332-0012， Japan 

Carbon nanotubes are fascinating as host materials to induce various kinds of complexes by 

containing atoms or molecules inside or outside. In particular， encapsulation of fullerenes into 
the inner space of nanotubes resu1ts in unusual nanometer-scale carbon networks 、、carbon
peapods" of which structures are characterized by an interesting combination of one-and 

zero-dimensional constituent units. The peapods are thus regarded as new hierarchical solids 

with mixed dimensionality. Our previous works show that energetics of carbon peapods 

strongly depend on the space between walls of the fullerenes and the nanotube. However， 
energetics of encapsulated C60 and the thick nanotubes are still unc1ear. We here report total-
energy calculations performed for peapods consisting of C60 and thick armchair nanotubes of 

which diameters are thicker than that of the (10，10) to elucidate the stable C60 positions inside 
the nanotubes and a possibility of the deformation of nanotubes. Figures 1 (a) and (b) show 

the encapsulation energies (~E) of C60 in the cylindrical and deformed (12，12) nanotubes for 
the various radial positions. The stability is evaluated by calculating the energy difference in 

the reaction: (12，12) tube + C60 今 C6o@(12 ， 12)-~E. The C60 is found to be dislodged from 
the center of the nanotube to retain the inter-wall distance of 3.3 A. Furthermore， the 
encapsulation energy ~E for the deformed nanotube is deeper than that for the nanotube with 

cylindrical shape. The encapsulation energies for deformed nanotubes are about 1 eV which is 

insensitive to the tube thickness [Fig. l(c)]. The results indicate that the C60 are more tightly 

bound in the deformed nanotubes than in the cylindrical nanotubes. Further， the competition 
between the lattice distortion energy and the encapsulation energy may induce the 

deformation of the thick nanotubes by inserting the fullerenes. Indeed， such deformation has 
been observed in a TEM experiment recently reported [1]. 

(c) 、‘.，ノ
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《い positionjAj c，叫position(入}

Fig. 1: Encapsulation energies of C6o@(12，12) per unit cell for the various radial positions for (a) cylindrical and (b) 
defonned nanotubes. (c) Encapsulation energies for (n，n) nanotubes with cylindrical and defonned nanotubes. 
Circ¥es and squares denote the energies for defonned and cvlindrical nanotube司respectivelv.

[1] J. Fan， M. Yudasaka， R. Yuge， D.N. Futaba， K. Hata， S. lijima， CARBON， 45， 722 (2007). 
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Effective Formation of Carbon Nanotubes Filled Perfectly with Copper Nanowire 

ONaokiM包uno，A恒raKoshio， Hironobu KitoラandFumio Kokai 

Di山ionofChemおめ1for Materials， Graduate School ofEngineering， Mie University， 
1577 Kurimamachiya-cho， Tsu， Mie 514-850大J中仰

Copp町 nanowireshave been extensively studied as a material for next generation e1ectronic 
nanodevices. However， some problems relatedωquality， such as stability，ラ crystallinity，ラ andlong 
one-dimensional growthラsti11remain.百lehybridization of copper nanowire and carbon nanotubes has 
been出edasone of也eide拙 forimproving吐lequality of copper nanowires. Arc discharge is believed to 
be one of the bet匂:rme由odsfor formation of copper nanowire-filled m叫ti-wallcarbon nanotubes 
(Cu-M¥¥明Ts).Dai et a1. rl叩ortedthat Cu-M¥¥刊Tsw町'eproduced by arc discharge in hydrogen [1]， but， 
由atv1句 Tshort copper nanowires were intem討ttentlyfilled in the M¥¥TNTs and that there was not enough 
yie1d. Wang et a1. reported on血eeft'ective production of Cu-M¥¥弓ITs山 ingcoal as a carbon so町∞[2].
百lerrexpe出nentsindicated吐mtmore白an40-50% of the as-prepared carbon nanotubes were filled wi由
copper nanowires. We recent1y found that perfectly出edCu田M¥¥TNTscan be produced at叩pro刃mately
90% of the filling rate by using the hydrogen arc discharge method 
Cu-M¥¥TNTs were produced by也econventional DC arc discharge. 
A hole (3 mm diameter) w出 drilledin吐lecentぽ ofa gr印刷te
anode (5 mm diamet町')and filled with copper powd町'.A20mmin
diamet町 g可lhiterod was used for the cathode.百letwo e1ectrodes 
were set vertically in a vacuum chamber. Hydrogen gas was fil1ed 
up吐lechamber at a pressぽ'eof 0.1 MPa and was flowed at 500 麟劉糖露盤雌蕊艶 圃圃

m凶νmm血n吋ldω叫唱紅舵'Cvap叩柳onza蜘 Arc氏凶'Cdischa閣ar伊 W附a部sm蜘nall加即a但拍11凶n凶nta首t阻ame吋仙dωa抗ωt9卯oF時i氾g.lSE凹Mima市g伊geoωOぱfO
Af白or1 min. 
Cu-M¥¥TNTs were inc1uded in soot由atwas deposited in large quantities on the inner wall of血e
chamber σig. 1). Figure 2a shows白紙theobtained Cu-M¥¥TNTs had 10-45 nm diameters and the filling 
rate of the M¥¥TNTs was ex回me1yhigh. Many TEM obser、rationsc1arified that approximately 90% of 
由eas-prl叩aredM¥¥TNTs were filled perfect1y with∞'PP町 nanowrres.百leCu-M¥¥TNTs consists of1ess 
由an10-nanotube layers and fcc copper 
crystals inside the 孔何弓IT in a 
long-range ordぽ σig.2b).百ledistance 
be何回n血elattice創ngesof the血led
copper crystals w出 meas町edat about 
0.21 nm， which is identical to吐le
d-spacing of the (111) atomic plane of 

Fig. 2(a) TEM image ofOトM¥¥TNTs(b) High闇r回olution
copper. TEMofCu-M¥¥弓ITs

References: [1] Dai et al. ，Chem. Phys. Lett，. 258，547(1996). 
[2] Wang et al. ，仁arbon，44，1845(2006).
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Synthesis， characterization and electrical transport properties of fullerenes 
and heterofullerene peapods 

oY.F. Lil， T. Kaneko1， S. Nishigaki1， R. Hatakeyama1， K. Omote2， and Y. Kasama
2 

lDepartment 01 Electronic Engineering， Tohoku University， Sendai 980-8579， Japan 

2Jdeal Star Jnc.， Minami-Yoshinari 6-6-3， Aoba-ku， Sendai 989-3204， Japan 

Following the discovery of fullerenes and carbon nanotubes， carbon peapods， i.e.ラsingle-

walled carbon nanotubes (S\\弓~Ts) encapsulating fullerenes， have recent1y attracted great 

interesting as potential building blocks for nanoelectronics. The presence of fullerenes inside 

SWNTs is expected to significant1y modi今theband structure of SWNTs and consequent1y 

affect their electrical transport properties. It has been reported experimentally that fullerene 

peapods can exhibit different transport characteristics， such as p-type， ambipolar and metallic 

[1， 2]. More recently， it has been found that transport properties of metallic C60 peapods are 

dominated by quan加meffects at tempera印resbelow 30 K [3]. However， litt1e is known about 

detai1ed mechanisms of electronic interaction between SWNTs and fullerenes， and it sti11 

remains an open question as to what extent the encapsulated fullerene molecules can affect 

the transport properties of SWNTs. 

In this study， synthesis of three kinds of fullerene (C60， C70， and C84) and one kind of 

heterofullerene (C59N) peapods is performedラandtheir transport properties are investigated by 

fabricating them as the channels of field-effect transistors (FETs). Our measurements indicate 

that threshold voltages of p-type SWNTs are extremely enhanced due to C60 and C70 fullerene 

encapsulation， demonstrating a strong charge-transfer effect. Whi1e ambipolar 

semiconducting behavior is observed only on the FET devices， in which SWNTs encapsulate 

higher fullerene C84・Moreimportantly， we find that n-type semiconducting SWNTs can be 

formed by C59N fullerene encapsulation. At low temperatures， it is found that the transport 

characteristics of all peapod devices are completely dominated with regular Coulomb 

oscillation peaks， suggesting quantum dots are created in SWNTs after various fullerenes 

encapsulation. 

[1] T. Shimada et al. Physica E 21， 1089 (2004). 
[2] T. Shimada et al. Appl. Phys. Lett. 81， 4067 (2002). 
[3] P. Utko et al. Appl. Phys. Lett. 89，233118 (2006). 
Corresponding au出or:Yongfeng Li， E-mail: yfli01ノplasma.ecei.tohoku.ac. jp 
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lH NMR Study ofCH4 confined inside Single-Wall Carbon Nanotubes 

Tomo戸lkiHirotsu1， oKazuyuki Matsuda1， Takayuki Ganko
1
， ;tIiroaki Kadowaki1， 

Yutaka Maniwa 1ペandHiromichi Kataura
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1 FaculかofScience，あわ!oM診tropolitanUniversi帆 1-1Minami-osawa， Hachioji， 
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2 Nanotechnology Research lnstitute， National lnstitute of Advαnced lndustrial Science and 

Technologyμ1S刀，Central4， Higashi 1-1-1， Tsukuba， 305-8562， Japan 
3CREST， Japan Science and Technology Corporation 

Single-walled carbon nanotubes (SWNTs) assemble themselves into a two-dimensional 

triangular lattice to form bundles of aligned nanotubes. Thus， the inside of the nanotubes and 

the interstitial channels in the bundle provide well characterized nanometer-sized cavities in 

which various kinds of molecules are adsorbed. We have revealed that methane molecules are 

adsorbed inside SWNTs and the adsorption properties can be described by a two-dimensional 

(2D) gas model. In this model， methane molecules are confined on the potential minimum 

surface inside SWNT. Hence， it is interesting to investigate structure and phase behavior of 

methane adsorbed inside SWNTs. Our X嗣raydi飴actionexperiments have confirmed no phase 

transition in methane inside SWNTs down to 100 K. In order to study the dynamics of 

methane molecules at low temperatures (η， we have performed 1 H NMR measurements in a 

T-range from 4.2 to 100 K. Fig.l shows the 

T-dependence of 1 H NMR spectra for methane 

confined inside SWNTs with an average 

diameters of 13.5 A. At high-T， a motionally-

narrowed NMR signal is observed， indicating 

the large amplitude molecular motion of 

methane on the NMR time scale ~ 10・6s. Below 

~50 K， the 1 H NMR signal decreases 
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This suggests a liquid-to-solid-like phase 

change of methane inside SWNTs. 
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substrate by microwave plasma-enhanced chemical vapor deposition 
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A new type of cobalt-based metal-filled carbon nanotubes (MF-CNTs) was fabricated 

on Co-filled anodic aluminum oxide (AAO) substrate by microwave plasma-enhanced 

chemical vapor deposition (MPECVD) with the technique ofbias enhanced growth 

method. 

In our previous study， we have successfully synthesized the MF -CNTs on 

pre-deposited catalyst metal (Pd， Co， Ni， etc) on Si02/Si substrate. Howeverラobstacles

still remain for device realization， such as controlling quality of diameter and density of 

MF -CNT. Alsoラwehave observed the aggregation of nanoparticls by plasma irradiation 

during growth of MF -CNTs. 

In this study， we have introduced AAO substrate to control density and 

highly-uniformed diameter ofMF-CNT. AAO substrates are ideal templates for the 

synthesis of highly-ordered MF -CNTs since they are thermally and chemically stable 

and the pore size can be fully controlled. 

We synthesized the MF-CNTs on pre同depositedCo catalyst metal on AAO 

substrate by MPECVD using a 2.45GHz， 600W microwave power supply. During 

deposition the H2 gas was adjusted to achieve various CH4 concentrations at a total 

pressure of 20 Torr. 

Figure 1 shows the SEM image the 

MF -CNTs grown on AAO substrate. The 

resultant MF -CNT arrays exhibit high density 

and uniformity， with the diameter and length 

determined， respectively， by the pore diameter 

and depth of the AAO layer. 

Fig. 1. SEM images ofMF-CNTs on AAO substrate. 

Corresponding Author: Yohei Matsuoka， E-mail: teastalkstar@hotmail.com， Tel&Fax: 052四735・5104
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Growth mechanism of vertically aligned SWNTs by 

in-situ absorption measurements 

o Kazuaki Ogura， Masayuki Kadowaki， Jun Okawa， Erik Einarsson， Shigeo Maruyama， 

Dψαrtment of Mechanical Engineering， The University ofTokyo， Tokyo 113-8656， Japan 

We have studied the effect of CVD conditions on the thickness of vertically aligned 

single-walled carbon nanotube (VA-SWNT) films [1]. Real-time observation of the growth 
process by an in-situ absorbance measurement [2] yielded a growth curve， which was fi白ttωoa 
a白伽I厄肌I
overall film thickness， and I仇 Tare the initial growth rate and catalyst decay time scale， 
respectively [3]. The final thickness shown in Fig. 1 strongly depends on ethanol pressure and 
CVD temperature. The initial growth rate and catalyst decay time scale obtained 仕omthe 

growth function are plotted in Fig. 2. The initial growth rate is proportional to pressure up to 
about 2 kPa， but independent of temperature. This resu1t indicates the mechanism by which 
SWNT synthesis occurs is essentially a first-order chemical reaction between the ethanol and 

the catalystラ howeverthere is no c1ear influence on catalyst decay time. Additionally， 
characterization by resonance Raman spectroscopy and UV-Vis-NIR absorption spectroscopy 

suggests the average SWNT diameter becomes smaller when synthesized at pressures above 

the optimum condition. Overallラ thisstudy shows how detai1s of the under1ying growth 
mechanism can be obtained by a systematic investigation of the growth profiles of 

VA-SWNTs synthesized under various conditions in a wel1-controlled environment. 
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initia1 growth rate and catalyst decay time scale. 
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[1] Y. Murakami， S. Chiashi， Y. Miyauchi， M. Hu， M. Ogura， T. Okubo， S. Maruyama， Chem. Phys. Lett. 385， 

298 (2004). 

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

[3] E. Einarsson， Y. Murakami， M. Kadowaki， S. Maruyama， submittedωCarbon (2007). 

Corresponding Author: Shigeo Maruyama 

TEL:十81-3-5841-6421，FAX:十81ふ 5800国6983，E-mail: maruyama@photon.t.u-tokyo.ac.jp 

-157ー

ロ

3000 



2P-30 

Growth of ultra long carbon nanotube and carbon nanotube coating 

Kazuyuki Kakihata1， Yusaku Hirono1， Toshinori Horie1， Yoku Inoue1ラ
Ak:ihiro Ishida 1 and Hidenori Mimura2 

1 Dept 01 Electrical and Electronic Eng・，Shizuoka University， Hamamatsu 431-8561 Japan 
~Resωrch Institute 01 Electronics， Shizuoka UniversiがHαmamαtsu431-8561 Japan 

Carbon nanotubes (CNTs) are nano-carbon materials with many excellent features， such as 
strong mechanical strength， high electric conduction characteristics and high heat conduction 
characteristics. From this point ofview， not only the fundamental properties but also industrial 
applications of CNTs are widely investigated. To achieve the industrial use of CNTs， 
ultra-long， and high speed growth for high mass production are very important issue. 
In this study， we present ultra-long and high-speed growth of multi-walled CNT. Growth 
method is very simple catalyst-assisted thermal chemical deposition. CNT was grown at 
700~800 oC with acetylene as a source gas on a quartz substrate. Scanning electron 
microscopy (SEM) image of 2mm long CNT is shown in Fig.l. Here， it should be noted that 
this sample was grown in an hour. Therefore， the l-hour growth rate corresponds to 2 mmJh. 
This value is high among the reported results [1，2]. Furthermore， CNTs are highly dense and 
vertically aligned on the substrate. 

On the other hand， this CNT growth method has the feature to obtain the CNTs growth also 
on the back of the substrate. We obtained the idea of the coating technology with CNT. We 
performed the CNT coating with quartz wool shown in Fig.2. After the CNT growth， all ofthe 
quartz fibers several microns in diameter are completely coated with CNTs. The coating 
morphology is almost uniform from surface to deep inside of the ball of quartz woo1. These 
results suggest that the CNT coating is capable on the rough， indented and complicated 
surfaces. We believe that this technology will opens s new CNT application field. 

[1] K. Hata et al.， Science 306， 1362 (2004). 
[2] L.x. Zheng et al.， Nature Mat. 3， 673 (2004). 

Corresponding Author: Yoku Inoue 
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Fig.l. SEM image of 2 mm long vertically 
aligned CNTs on quartz substrate. 
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Fig.2. CNT coating of quartz wool. 
(a)SEM image ofbare quartz fibers 
and (b) CNT coating result. Insets 
show whole pictures. 
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Ultrasonication Effects on Debundling and Cutting of Single-Walled 

Carbon N anotubes Dispersed in Aqueous Solution 

oIsamu Taji町民 Cata1inRomeo Luclescu， Yoshie Suzuki， Katsumi Uchida， 
Tadahiro Ishii， and Hirofumi Yajima 

Dψαrtment 01 Applied Chemistry， F aculty 01 Science，おかoUniversity 01 Science 
12-1 Funagawara-machi， Shinjyuku-ku， Tokyo 162-0826， Japan 

The process of debund1ing of sing1e-walled carbon nanotubes (S¥¥明Ts)is based on 
powerfu1 cavitation effect and subsequent rep1acement of nanotube-nanotube agg1omeration 
due to powerfu1 van der Waa1s forces by surfactant micelles or po1ymer wrapping. The 
colloida1 aqueous dispersions of strong1y hydrophobic SWNTs are usually achieved by 
powerfu1 ultrasonication. At present， two types of ultrasonicators are commercially availab1e: 
hom (or tip) and cup-hom ultrasonicators. As for hom u1trasonicator， a tip is inserted direct1y 
to a vesse1， and the ultrasonication power is transferred to samp1es at a converging 10ca1 area. 
A cup-hom ultrasonication gives rather the small input power to the samp1es because the input 
power is transferred through a water bath with a re1ative1y homogeneous sound intensity in 
the samp1e vo1ume. In this study， we investigated the effect of u1trasonication on the 
physicochemica1 properties of SWNTs in aqueous sodium dodecy1 su1fate (SDS) solutions by 
using two commercia1 u1仕asonicatorsラ thatis， cup-hom type ultrasonicator (Nanoruptor， 
TOSHO DENKI Co. Ltd.， 350 W， 20 kHz) working in on-off cycles (60 seconds on and 30 
seconds off) and hom type ultrasonicator (US-300T， Nippon Seiki Co. Ltd.， 20 W， 19.5 kHz). 
The cup-hom ultrasonication was app1ied to sea1ed samp1e via1s inserted in the temperature 
controlled water bath (4 OC) whereas the hom ultrasonication was direct1y app1ied to the 
vesse1 in ice bath (0 OC). The samp1es' pH va1ues were monitored during ultrasonication. 
The characteristics of ultrasonicated samp1es were investigated by absorption and Raman 
spectroscopies and dynamic 1ight scattering (DLS). The pH of the nanotubes dispersed 
solutions decreased strong1y with the ultrasonication time following an exponentia1 1aw. This 
is inferred to be ascribed to be the generation of HN03 and HN02 through a coup1e of 
reactions induced by power白1cavitation. In order to avoid pH effects， all measurements were 
conducted after adjusting samp1es' pH to ca.7 with a mixed buffer solution of standard 
potassium phosphate monobasic buffer solution and sodium phosphate dibasic buffer solution 
at 4: 1 ratios. DLS and Raman spectroscopic measurements revea1ed that the debund1ing and 
the cutting of SWNTs occurred with the increase of the sonication time. The cup-hom 
sonication did not give so 1arge damages to SWNTs in spite of the 101 

Corresponding Author: Hirofumi Yajima 
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Gold-filled apoferritin catalyst for aligned single-walled carbon nanotube 

growth on sapphire substrates 
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2D句partment01 Physics， Meij・iUniversity， Japan 

3 Department 01 Physics，おかouniversity 01 Science， ~αrpan 
4JST/ CREST， Japan Science and Technology Corpor.αtion 

It have been reported that sing1e-walled carbon nanotubes (SWNTs) grow in a specific 
direction on sapphire substrate. [1，2] It has recent1y been found that Au nanoparticles act as 
cata1yst for SWNT growth by CVD. [3] Au is an idea1 e1ement for SEM observation of 
nanoparticles because it has higher secondary electron yie1d than Fe and Coラ whichare 
usually emp10yed as cata1ysts for CVD growth of SWNTs. Hence， it is expected that S¥¥弓..JTs
and Au cata1yst particles can be observed simultaneous1y by SEM， which wou1d give direct 
evidence to determine the growth mode， such as tip-or root-growth， which is a key issue in 
clarifying the alignment mechanism. In this report， we show th剖 SWNTscan be a1igned on 
sapphire substrate using Au nanoparticles provided by Auイerritinand discuss the alignment 
mechanism based on the observed SEM images. 
Figure 1 shows an SEM image of SWNTs grown on an R-face sapphire substrate by CVD 
using Au-ferritin as the cata1yst. B1ack dots observed in Fig.1 correspond to Au nanoparticles， 
which were derived from Au-ferritin and tend to condense around protrusions fabricated by 
photolithography. In addition to Au 
nanoparticles， grown SWNTs are a1so 
clearly visib1e as re1ative1y dark lines. 
SWNTs tend to align to a specific direction 
on the ordered area of the substrate， whi1e 
the growth in random directions is a1so 
observed for some disordered areas， as has 
a1ready been reported. [4] Au cata1yst 
nanoparticles are regu1ar1y detected around 
the end of the aligned SWNTs， as shown in 
the inset of Fig.1. Considering that the 
initia1 points of SWNT growth 10cate 
around the protrusions， this result directly 
indicates that aligned growth of SWNTs on 
the sapphire substrates proceeds by the 
tip-growth mechanism， and strong1y 
suggesting that the cata1yst particles shou1d 
“fee1" the atomic arrangements on sapphire 
substrates and that the cata1yst-surface 
interaction p1ays an important ro1e in the 
aligned growth. 

Fig. 1 SEM image of aligned SWNTs growth 
around protrusions fabricated on R-face sapphire 
substrate. Inset: magnification of the area 
indicated bv the black arrow. White arrow 
represents (1，1，0，1) direction 

Acknowledgement: This work was partly supported by a JSPS Grant-in-Aid for Scientific Research (B). 
References: [1] S. Han et al.， JACS 127 (2005) 5294. [2] H. Ago et al.ラCPL408 (2005) 433. [3] D. Takagi et 
al.， Nano Lett. 6 (2006) 2642. [4] A. Yamazaki et al.， the 31st F-NT General Symposium lP-22 (2006) 
Corresponding Author: Akira Yamazaki 
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deposition (3) -Difference in CNTs growth by Co/Mo molar ratio -
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Y-junction carbon nanotubes (Y-CNTs) are interesting for their potential use in 
three-terminal nanoscale devices such as a transistor [1]， because of their branching structures 
and diameter difference between branch and stem. Thiophene (C4H4S) is known as an 
eiTective promoter for Y-junction structures. Recently， the growth technique of single.・walled
Y幽CNTswithout thiophene was also reported [2]. In that report， forming molybdenum carbide 
(M02C) is a key factor to synthesize branching structure. However the reports on the growth 
mechanism of YぐNTsare only a few， and it is necessary to understand the growth 
mechanism and develop new growth techniques ofY嶋junctionCNTs. 
We have studied variation of CNTs growth from binary catalysts， Co and Mo by a1cohol 
chemical vapor deposition. We found the changes in CNTs number density and G/D ratio of 
Raman spectra by Co/Mo molar ratio. Especiall弘 wefocus on the attachment of growing 
nanotubes to catalyst particles on substrate， from which we expect to induce Y-junction 
structures. The CNTs grown were analyzed with scanning electron microscopy (SEM) and 

Raman spectroscopy. 
We prepared Co/Mo catalysts on Si02 substrates using a procedure of dip coating [3]. The 
substrates were placed inside the quartz tubular reactoιThe reactor was vacuumed by a rotary 

pump and heated up to 750
0

C in a vacuum atmosphere. Subsequently， H2 gas fed into the 
reactor as reduction for 20 minutes. After H2 supply was stoppedラ ethanolvapor was 
introduced for 60 minutes. 
SEM images ofthe CNTs grown企omCo/Mo catalysts with a molar ratio of(a) l.4， (b) 0.5， 
(c) 0.2 are shown in Fig. 1. This shows a tendency; the number density of CNTs decreased 
when Mo composition ratio increased， Moreover， the higher Mo composition ratio， the more 

catalyst particles attached on CNT surぬce.

Fig. 1 SEM images of CNTs depending on Mo/Co molar ratio 

References: [1] AN Andoiotis，巴tal， Phys. Rev. Lett.， 87 (2001) 66802ω1-4 
[2] YC Choi， et al， Carbon， 43 (2005) 2737-2741 
[3] Y Murakami， et al.， Chem. Phys. Lett.， 377 (2003) 49-54 
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Synthesis of multiwalled carbon nanocoils using cataly針。fFe-Sn
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The catalysts of Fe/ ITO [1] or Fe-In-Sn-O [2] 
has been successfully used for the synthesis of 
carbon nanocoils so far. However， carbon nanocoils 
synthesized by these catalysts are lack of 
crystallinity， which results in their relatively lower 
mechanical strength and electric conductivity 
compared with the normal multiwalled carbon 
nanotubes (CNTs). It is reported出atarc p lasma 
gun (APG) can be used for the formation of good 
quality catalysts， which has been applied for the 

Fig.l SEM image ofthe grown 
fabrication of CNTs. It is also desired that high 
quality carbon nanocoils can be synthesized by MWCNCs・

using the catalysts produced by APG. 
Two-element-metal Fe-Sn is used as the catalyst， which is produced by two APGs 
with the evaporating sources of Fe and Sn， respectively. The Fe-Sn catalyst is formed 
by layer-by-layer deposition or by co-deposition， with the composition controlled by the 
number of pulse discharge. Then the samples were annealed at 1500C in air for 12 hours 
in order to oxidize the catalysts to prevent the Sn仕omvaporization during heating 
process. Carbon nanocoils were then synthesized by the thermal CVD at 7000C using 
acetylene as a reaction gas and He as a carrier gas. The growth time was 15 min. 
Figure 1 shows the SEM image of the grown multiwalled carbon nanocoils 
(MWCNCs) using the co-deposited catalysts of Fe and Sn， each of which has a film 
thickness of 4 nm. The coil diameters of grown MWCNCs are less than 100 nm， which 
are thinner than those of the conventional carbon nanocoils synthesized by the Fe/ITO 
catalysts. The line diameters of distributed carbon nanocoils are less than 20 nm， which 
is the same as the CNTs grown under the same CVD conditions without the catalyst of 
Sn. Therefore， Sn plays a crucial role for the growth of MWCNCs. It is found that there 
are a large number of particles， with diameters ranging from 20 to 100 nm， are 
distributed on the surface of substrate. The MWCNCs are observed to have a possible 
base growth mechanism， which is different from that of conventional carbon nanocoils. 
The grown孔1WCNCsare promising for the applications to NEMS or composites. 
Acknowledgement: This work was partially supported by a Grant寸n-Aidfor Scientific Research 合om
the Japan Society for the Promotion of Science， and by the Osaka Prefecture Collaboration of Regional 

Entities for the Advancement ofTechnological Excellence， 1ST. 
Reference: [11 
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SWNH-・Streptavidin:an Effective Anticancer Drug Delivery System 

o Xu Jianxun，l Yudasaka Masako，l Zhang Minfang，l Iijima Sumio1，2 
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Meij・oUniversity， 1-501 Shiogamaguchi， Tenpaku-ku， Nagoya 468-8502， Japan 

Sing1e Wall Carbon Nanohom (SWNH) is a new kind ofnano-carbon materia1， which has hom-
1ike structure with 2~5 nm diameteL U sually about 2，000 SWNHs assemb1e to form an spherica1 
aggregate with diameter of around 80~ 100 nm.1 The SWNH aggregate emerges as an attractive 
candidate for a drug de1ivery system (DDS). It is specially promising to carry an anticancer drug， 
many of which are not water solub1e and high1y toxic， to make them effective1y de1ivered， and 
re1eased in a controlled way. 

In this study， we incorporated Docetaxe1 (Doc)， an anticancer drug used for stomach cancer， 
breast cancer， non聞smallcell 1ung cancer and so on， into hydrogen peroxide treated SWNHs by 
modified nano-precipitation method. The weight percent of incorporated Doc is around 20%. 
Taking advantage of those carboxylic groups on SWNHs， we first1y introduced amine-PE03-
biotin to the conjugate to improve the hydrophi1icity. Then， streptavidin， a small protein， was 
attached on the comp1ex due to the high affinity between streptavidin and biotin. The weight 
percent of streptavidin is estimated rough1y to be 25%. The streptavidin moiety on SWNH 
makes it easy to attach some other biotiny1ated peptides/proteins， to introduce more functions to 
the comp1ex. 

Furthermore， we investigated the anticancer 
effectiveness of Doc@SWNH-Streptavidin using a 
stomach cancer cell 1ine (ATCC NO.: CRL5973). 
The cytotoxicity experiment was conducted using 
WST -1 reagent (Figure 1). The cells were incubated 
with Doc， SWNH-Streptavidin and Doc@S\\弓~H­
Streptavidin (~3 ug/m1) respective1y for two days. 
We found that the viabi1ity of the cells with 
Doc@SWNH-Streptavidin decreased dramatically: 
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It is noteworthy that Doc@SWNH-Streptavidin has a D~~@sWNH-~s~即断蜘
higher cytotoxicity to the cancer cells than Doc itse1f. 
These indicate that Doc can be de1ivered by SWNH閉Streptavidininto the cells and the re1eased 
Doc causes cell death. Thus， we think SWNH-Streptavidin cou1d be an effective DDS. 

References: 
1. S. Iijima， M. Yudasaka， R. Yamada， S. Bandow， K. Suenaga， F. Kokai， K. Takahashi Chem. Phys. Lett.， 1999， 
309， 165， and therein cited. 
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Technology (AIS刀， 2217・14，Hayashi-cho， Takamatsu 761-0395， Japan 

Infections of various harm白l
microorganisms， such as 
methicillin-resistant Staphylococcus 
αureus (MRSA)， severe acute 
respiratory syndrome (SARS) virusラ
and human immunodeficiency virus 
(HIV)， have been a wor1dwide 
serious problem. Hence， there is a 
high demand for anti-microbial drugs 
and materials in a medical field. Here 
we show that the first application of 
carbon nanohom (CNH) as potent 
laser therapeutic agents for highly 
selective elimination of various 
model microorganisms (yeast; 
Saccharomyces cerevisiαe， bacteria; 
Escherichia coli， and virus; T7 
bacteriophage) (Figure 1).[1] 
We successfully prepared 

molecular recognition element 
(MRE)闇CNHcomplexes， which when 
enables to NIR laser irradiation， are 
able to kill various microorganisms in 
a highly selective manner. The 
real-time anti-microbial activities of 
NIR laser-triggered molecular 
recognition element (MRE)-CNH 
complexes were investigated by 
using a fluorescence microscopy and 
propidium iodide to stain dead 
microorganisms (Figure 2). 

MRE-polyethyle円eglycol 
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Figure 1. Method for elimination of various microorganisms using 

MRE田CNHcomplexes and NIR laser irradiation (l064 nm). The MRE 

selectively targets the microbe， the PEG chains affect the water 

dispersibility of the CNH-COOH molecules， and the hydrophobic 

carbon chains of the PL non-covalently bind to the surfaces of the 

CNH-COOH molecules via hydrophobic interactions. 

a) b) 

Saccharomyces cerevisiae Escherichia coli T7 bacteriophage 

Figure 2. Direct observations of eliminated microorganisms. a) S 
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Magnification: x20. Laser power: 1 W. Wavelength: 1064 nm. 
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Double-walled carbon nanotubes (DWNTs) have been expected for nanocomposites， field 

emlsslon sources， nanotube bi-cables and electronic devices because of their superior 

mechanical properties， thermal conductivity and structural stabi1ity [1]. Optical application of 

D¥¥明Tsis also attractive because the inner core tube is protected from environment and its 

optical properties are preserved. 

We have previously reported that photoluminescence (PL) of nanopeapod-derived 

DWNTs strongly depend on the inter1ayer spacing between the outer and the inner tubes [2， 3]. 

For exampleラ whilesignificant PL quenching occurs in DWNTs having smaller inter1ayer 

distance， the PL signals of the inner tubes are observable from DWNTs having lager inter1ayer 

distance. However， details of the PL behaviors such as chiral indexes of the emissive inner 

tubes are yet unclear. 

We here report the resonance Raman study of the nanopeapod-derived DWNTs having 

larger inter1ayer distance for clarifying the structural changes ofDWNTs. Using a contour plot 

of the Raman intensities of the radial breathing modes (RBMs) over the laser excitation 

wavelengths of 880-1070 nm， we found that smaller diameter tubes such as (6ラ5)and (6， 4) 

tubes are abundant as the inner tubes. Possible PL mechanism and structural changes will be 

discussed based on the results. 

[1] M. Endo， H. Muramatsu， T. Hayashi， Y. A. Kim， M. Terrones， M. S. Dresselhaus.， Nature 433， 476 (2005). 
[2] T. Okazaki， S. Bandow， G. Tamura， Y. Fujita， K. Iakoubovskii， S. Kazaoui， N. Minami， T. Saito， K. Suenaga， 
S. Iijima， Phys. Rev. B， 74， 153404 (2006). 
[3] T. Okazaki， Z. Shi， T. Saito， H. WakabayashiラK.SuenagaラS.Iijima， The 32nd Fullerene-Nanotube General 
砂mposium，2P-2 (2007). 
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Composites of Single-Walled Carbon Nanotubes and Poly(p-Phenylenか

1，2・Vinylene)with Structural Defect of p圃Phenylene-l，I-VinylideneUnits 
in the Main Chain 

oNaoki Kadota， Tomokazu Umeyama， Noriyasu Tezuka， Yoshihiro Matano， 
and Hiroshi Imahori 

Graduate School 01 Engineering， Kyoto University， Kyoto 615-8501， Japαn 

Many studies have focused on nanocomposites of exfoliated single引 'alledcarbon 
nanotubes (SWNTs) and conjugated polymers， since they are appealing candidates exhibiting 
unique photophysical properties in molecular devices. Nevertheless， the photophysical 
properties including energy transfer (EN) or electron transfer (ET) process between 
conjugated polymers and SWNTs have not been fully elucidated. Although the emission 
quenching of the π-conj時atedpolymers in the composites has been reported， the emission 
from the SWNTs due to the EN has never been observed. Here we report the first 
unambiguous demonstration of EN from conjugated polymers to SWNTs in the composites 
by the near infrared (NIR) emission from the SWNTs. A novel conjugated polymer， 
poly[(P咽phenylene-l，2-vinylene )-co-(p-phenylene-l， l-vinylidene)] (coPPV， Figure 1)， has 
been prepared by Heck coupling reaction to examine specific interactions with SWNTs. 
The coPPV-SWNT nanocomposites were prepared by 
tip-sonication of a mixture of SWNTs and coPPV (1/10， 
w/w) in THF， centrifugation of the mixture， and 

O-n悶C12H2S

m:n=7.3 

filtration of the supernatant. The resultant solid on the トC
12
H
2S
O

filter， coPPV-SWNTs， was washed thoroughly and 
redispersed in THF with the aid of bath sonication. 
The dark brown solution without discernable Figure 1. Structure of coPPY. 

particulates remained stable at least for 2 weeks. 
UV-vis-NIR absorption spectrum of coPPV-SWNT in THF shows characteristic sharp 
peaks of SWNTs， demonstrating the high dispersing ability of coppv. When fluorescence 
spectra of coPPV and coPPV-SWNTs in visible region are compared， the fluorescence 
intensity in coPPV-SWNTs relative to that in coPPV is reduced significantly， suggesting the 
occurrence of interaction between the excited state of 
coPPV and SWNTs. Furthermore， the NIR 
fluorescence contour plot of coPPV-SWNTs (Figure 2)ε 
exhibits emission in the excitation wavelength range of " 
400-500 nm， where SWNTs show no absorption. .s 
This emission can be accounted by initial excitation .~ 

arising from the π-π* transition of coPPV， followed ω 
by EN from the excited coPPV to the SWNTs in the 
composites. Although there have been many reports 

0.0 

Emission / nm 
on the 関IRfluorescence of exfoliated SWNTs， thi ・ Figure 2. Contour plot of photo-
the first example of enhancement of emission intensity lu;'inescence spectrum for c~PPV-
by interaction with dispersing agents. SWN 
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Gas adsorption in water-SWCNTs 
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Tokyo 192-0397， Japan 

2CREST， Japan Science and Technology Corporationρs刀，Ka下vα'guchi，322-0012， Japan 
3Department ofChemistry， Faculty ofScience， Tokyo Metropolitan University， 

Tokyo 192-0397， Japan 
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It is known that single-wall carbon nanotubes (SWCNTs) can adsorb various kinds of 
gases. Especially， water molecules inside SWCNTs form ice nanotubes (ice NTs) at low 
temperature. 

Recently， gas adsorption in water-SWCNTs is discussed actively. So， we carried out the 
study of water-SWCNTs in gas atmospheres， by means of X-ray diffraction (XRD) and 
electrical residence. In these experiments， we used SWCNTs samples with an average 
diameter of 13.5 A. From the experimental results， we considered that the water 
filling-ejecting type transition occurred inside SWCNTs in the presence of atmospheric gases. 
山 Toconfirm this consideration， we carried out molecular dynamics (MD) simulations. As 
shown in Fig.1， the water cluster was completely forced out 企omthe SWCNT by the entering 
CH4 molecules. This result clearly shows the presence of the water filling-ejecting transition. 
Furthermore， to examine whether the transition's appearance depends on SWCNTs 

diameters， we also carried out XRD using SWCNTs samples with an average diameter of 20 
A. 

Eヨ

H20 

[1] Y. Maniwa et al.: Nature Materia1s 6 (2007) 135-141. 
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High-pressure and high帽temperaturetreatments of 

double-walled carbon nanotubes 
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ラ
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2 FaculかofEngineering， Shinshu Universiか;Japan 

Although double-walled carbon nanotubes (DWCNTs) have attracted great attention 

from both academic and industrial points of view， it had been difficult to produce high 

purity DWCNT sample. However， recently， Endo et al. [1] developed a selective synthesis 

method of DWCNTs and it becomes possible to perform structural investigations. In this 

paper， we report on the structural change ofDWCNT samples by HPHT treatments. 

DWCNT samples used in the present study were prepared by the CVD method [1]. In 

Sl旬 XRDmeasurements of DWCNTs under high pressure and at high temperature were 

performed at AR-NE5C of KEK in Tsukuba. Pressure-Temperature conditions for the 

HPHT treatments are summarized in Fig. 1. 

As shown in Fig. 2， since the DWCNT sample treated at relatively low temperature 

and low pressure (#1) shows almost the same Raman pattem as that of pristine sample， the 

#1 sample might keep the original structure. On the other hand， structural change occurred 

in the other samples (#2 -#5). We will discuss the structural change of the DWCNT 

sample by HPHT treatment in more detail in the symposium. 
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Fig. 1 Pressure-Temperature conditions for the 
HPHT treatments of DWCNT samples. 
Experimental run numbers ar巴indicatedin the 
figure. 

[1] M. Endo et al.， Nature， 433， 476 (2005) 
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Fig. 2 Raman spectra ofthe HPHT treated DWCNT samples. 
The indicated numbers correspond to the numbers in Fig. 1. 
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N ear-IR Absorption and Photoluminescence Spectral Properties of Carbon 
Nanotubes Dissolved in RNAAqueous Solutions 
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and N aotoshi N akashima 

Department of Applied Chemistη1， Graduate School of Engineering， Kyushu University， 

Fukuoka， Japan 

Since the finding in 1991 [1]， carbon nanotubes (CNTs) are nanomaterials of fore丘ontin 
nanoscience and nanotechnology. Applications of CNTs toward bio and related areas are 
interesting. CNTs are not dispersed in water， so we have difficulties in using CNTs for 
applications. We[2] and Zheng[3] described the findings that double-stranded DNA and 
single-stranded DNA dissolve single-walled carbon nanotubes (SWNTs) in water， respectively. 
We also described the fabrication of the layer-by-layer assembly of RNA-wrapped 
single-walled carbon nanotubes on a so1id substrate[ 4]. Here we report the near-IR absorption 
and photoluminescence (PL) spectral properties of SWNTs dissolved in Poly(U) (or Poly (C)) 
aqueous solutions. Fig. 1 shows a 2-D mapping of SWNTs dissolved in RNA aqueous 
solutions. As can be seen in the figure， the PL mapping showed strong pH dependence. The 
detail mechanism of this behavior will be discussed at the meeting. 
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Fig.l. 2.・Dmapping of Photoluminescence spectra of SWNTs 
dissolved in RNA aqueous solutions (a)SWNTs/Poly(U) at 
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[1] S. Iijima， Naωre， 354， 147 (1991). 
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[3] M. Zheng et al.， Nat. Mater.， 2，338 (2003). 
[4] Nakashima et al.， Chem. Phys. Lett.， 419， 574 (2006). 
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DNA wrapped single-wall carbon nanotubes (SWNT-DNA hybrid) have been known to 

exhibit unique characteristics in their structures as well as the high solubility in water [1]. A partial 

separation of the chirality was achieved by ion exchange chromatography， which is assumed to be 

due to chirality dependent electric characters of SWNT-DNA hybrids， We have recently reported [2] 

a preliminary study on the electronic properties of the hybrids by electric force microscopy (EFM) 

which can visualize and manipulate the hybrid materials. Here， we report a detailed study on the 

electric properties of SWN下DNAhybrids by EFM measurement and the effects of DNA wrapping 

on the electronic structure of SWNTs. 

SWNT-DNA hybrid materials were synthesized from SWNTs (HiPco) and single strand DNA 

(ssDNA) by ultrasonication and centrifugation. The hybrid solution was deposited on a Si02 

substrate and dried by nitrogen gas. EFM measurements were performed in air at room temperature 

with a NanoscopeIII (Digital Instruments). EFM images were observed under a non-contact mode 

while keeping the tip-sample height distance exactly at 30 nm， which was realized by simultaneous 

measurements of the height information on the hybrids with tapping mode AFM. Furthermore， we 

are able to image a salient process where DNAs are removed completely from the SWNT-DNA 

hybrids by thermal oxidation (combustion) on a Si02 substrate at 400 oc. 
Figure 1 shows EFM images of SWNT-DNA hybrids with a reference topography image (a). 

Some of the hybrids exhibit no EFM signal (b)， which is recovered by the DNA elimination by the 

combustion( c). These resu1ts show that the presence of DNAs wrapped on the SWNTs affects and 

controls the electronic properties of prestine S¥¥明Tssignificantly. The EFM/ AFM observation also 

suggests that the wrapping structures and electronic properties of the hybrids are expected to have 

strong dependence on the length of the hybrids. We areラ therefore，currently performing 

size-exclusion 

chromatography on 

the hybrids to further 

investigate the DNA 

wrapping effects on 

血eelectronic s仕uc旬re

ofthe materials. 

Figt江e1. AFM and EFM images of SWNT-DNA hybrids on Si02・
(a) AFM topography image， (b) EFM image， (c) EFM image after combustion. 

References: [1] Zhe時，M. et al.， Nat. Mater. 2， 338， (2003). 

[2] (a)YAsada，etal. 86やCJSspringm白血gρ006)，(b) Y Asada， et al. 87也CJSspring mee悩19(200η.
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Carbon Nanotube (CNT) field凶effect仕ansistors(FETs) have been intensively studied 

because oftheir high-speed potential with a large transconductance.[1，2] Howeverラthereis a 
concem about the defects in the CNTs which would deteriorate the perfonnance of the 

CNT-FETs. The potential profile along the CNTs will be affected if the defects exist in the 

CNTs. In this study we have measured the potential profile along the CNTs by electrostatic 
force microscopy (EFM) and obtained the non-unifonn potential image affected by the 

defects in the CNTs. 

The CNTs used for the fabrication of CNT-FETs with back gate was grown by 
grid-inserted plasma-enhanced chemical vapor deposition.[3] The device has no passi、ration
film. The potential profile was measured using EFM in vacuum. The EFM is similar to the 

KFM [4] which has a feedback loop to attain the null electrostatic force. The image obtained 

by the EFM was better than the KFM even though the absolute value of the potential was not 

obtained in the case of EFM. Then the EFM is suitable for discussing the effects of the defects 
on the potential profile along the CNTs. Figure l(a) shows the atomic force microscopy 

(AFM) image， and Fig. 1 (b) and (c) show EFM images at gate bias vo1tages of VGS = 2 V and 
-1 V， respectively. Even though the AFM image seems smooth with little featureラtheEFM 
image at VGS = 2 V shown in Fig. l(b) shows non-unifonn image with dark area (indicated by 

arrows) which is probably due to the effects of the defects. The CNT is divided into mu1tiple 
conducting segments separated by potential barriers at defects. It is notable that the EFM 
image became smooth when the back gate vo1tage became negative (VGS = -1 V). This is 
probably due to that the separation of the conducting channel became weak by inducing holes 

in the channel ofp-type CNT-FET. 
It has been shown that the EFM is effective in detecting the defects in the CNTs. 

[1] S. Rosenblatt， H. Lin， V. Sazonova， S. Tiwari， and P. L. McEuen， Appl. Phys. Lett.， 87 153111 (2005). 
[2] A. Javey， J. Guo， D. B. Fannaer， Q. Wang， E. Yenilmez， R. G. Gordon， M. Lundstrom， and H. Dai， Nano Lett.， 
71319 (2004). 

[3] Y. Kojima， S. Kishimoto， Y. Ohno， A. Sakai， T. Mizutani，やn.J Appl. Phys.， 44 2600 (2005). 

[4] T. Umesaka， H. Ohnaka， Y. Ohno， S. Kishimoto， K. Maezawa， and T. Mizutani， Jpn. J Appl. Phys.， 462496 
(2007). 
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Fig.1. (a) Topographic AFM image ofthe device. (b)， (c) EFM images at gate bias voltages 
of VGS = 2 V and -1 V， respectively. 
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Single-walled carbon nanotube field effect transistors (SWNT FETs) wi1l play 
an important role for the construction of integrated circuitsラ becausesemiconducting 
SWNTs exhibit a high mobility and a large On/Off ratio. Logic circuits using an 
individual SWNT-FETs have been reported by several groups [1，2]， however their 
fabrication processes contained high temperature treatment [1]， or complicated 
lithography steps [2]. Our group has reported fabrication and various characteristics of 
thermal-企eesolution-processed network-SWNT-FETs， in which network SWNTs were 
used as a channel layer， for flexible device applications [3-6]. Here in this work， we 
fabricated logic circuits by using the network-SWNT-FETs. 
Complementary logic circuits are composed of p-type and n-type FETs. 

Although a conventional un-doped SWNT-FET v 
y output 

shows an ambipolar FET property， it shows a 
p-type FET property in air because of adsorption 
of oxygen molecules onto the SWNTs. In order 
to fabricate logic circuits， we utilized such p-type 
network-SWNT-FETs， and in addition， we 
fabricated n-type network-SWNT-FETs by a 
chemical doping method using 
polyethyleneimine (PEI) [7].A schematic 
diagram of an example of the circuit， inverter， is 
shown in Fig. 1. An operating voltage was set to 

be -2 V and the measurement was carried out at -0.5 
an ambient condition. It can be seen that an 
output voltage was changed as a function of the と一」
applied input (gate) vOltage (Fig. 2). This result ::::.. a 
indicates that an inverter characteristic was 
observed. The detail of the other logic circuits by -1.5 

the network-SWNT-FETs will be discussed in 
the presentation. 

References: [1] A. Javey et al.， Nano Lett. 2ラ9(2002). [2] 
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Recent1y app1ication of carbon nanoscale substances for biomaterials have attracted. It is 
necessary to evaluate tissue response in addition to cytotoxicity to develop biomaterials. 
However， reports on the biocompatibility about them were a few1，2)ラespeciallyfor long term 
study. The pu中oseof this study was to investigate tissue response to carbon nanosubstances 
implanted in subcutaneous tissue for long term. In the present study， two kinds of carbon 
nanosubstances were used. Hat-stacked carbon nanofibers (H-CNFs) were produced by 
thermal CVD using a powdered Ni catalyst in a conventional flow reactor system according to 
the report of Rodriguez3). The multi-wal1 carbon nanotubes (MWCNTs) synthesized by CVD 
method 仕omNanoLab， Inc. The average 590 nm-and 1160 nm-lengths of H-CNFs (600 
H-CNFs and 1200 H田CNFs)，and the average 220 nm-and 825 nm司lengthsof MWCNTs (220 
CNTs and 825 CNTs) were implanted in the subcutaneous tissue of rats. Segments of the 
subcutaneous tissue inc1uding specimens were excised and fixed at 1，4， 16，52 and 104 weeks 
after surgery. The fixed specimens were divided into two parts. One part was embedded in 
paraffin. Hematoxy1in and eosin-stained specimens were observed by optical microscopy. The 
other was observed by transmission electron microscopy. After 1 week， granulation tissue 
with capillaries and phagocytes was observed around carbon nanosubstances. Some of them 
were englobed in macrophages. The degree ofinflammation on H-CNFs was slighter than that 
on MWCNTs. Alsoラinflammatoryresponses around smaller sizes of them were s1ighter than 
those around larger sizes. Some of 600 H-CNFs were observed in lysosomes， while most of 
1200 H-CNFs were diffused in cytoplasm randomly. Most of 220 MWCNTs were in 
lysosomes， whereas 825 MWCNTs were aggregated in cytoplasm in phagocytes. At 52 weeks 
after surgery， both sizes of H-CNFs were covered by thin fibrous tissue. On the other， s1ight 
granulomatous inflammatory response was observed around MWCNTs. Shortening and 
decomposition of H-CNFs were suggested， although changes of structures of MWCNTs were 
not recognized in phagocytes. These results showed that severe inflammatory response such 
as necrosis and degeneration was not observed around H-CNFs and MWCNTs， and structures 
of carbon nanosubstances influenced their biocompatibility in the subcutaneous tissue. 

References: 
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Uo， K. Motomiya， B. Jeyadevan， M. Ishiguro， R. Hatakeyama， F. Watari， K. Tohji. Mol. BioSyst， 1， 176・182，
(2005) 
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Recently， we reported the growth of sing1e-walled carbon nanotubes (SWNTs) a1igned to 

the specific crystallographic directions of sapphire (α園Alz03)surfaces [1-3]. This a1igned 

growth is promising for the fabrication of nanoe1ectronic devices， such as f1exib1e fie1d-effect 
transistors (FETs)， high on-current FETs， and high frequency devices. Here， we have 

studied the e1ectronic structure of a1igned nanotubes by measuring the e1ectron transport 

properties for further contro1 over the nanotube growth. 

The FETs were fabricated with aligned SWNTs grown on an R-p1ane sapphire substrate， 

by depositing source/drain Au e1ectrodes using photo1ithography. Two types of e1ectrode 

configurations were studied; the channe1 directions were paralle1 (device A) and pe中endicu1ar

(device B) to the SWNT orientation. The devices were characterized with a back-gate 

structure m ai工

We obtained four types of e1ectron transport 

properties in terms of the Vg dependence; 

semiconducting channe1 (S)， mixture of metallic 

and semiconducting channe1 (M+S)， 

metallic-dominant channe1 (M)， and no current 

(N). The S and S十M type devices showed 

p-type behavior as indicated in Fig. 1， and the 
former showed good FET characteristics with 

on!off ratio of 103_105. The M type devices 

are dominated by high current metallic SWNTs 

without showing the 九dependence.
Tab1e 1 compares the e1ectron transport properties Table 1 Distribution of transport 
measured for devices A and B. The device with a characteristics (%) 

paralle1 configuration gave the 81 % operation， whi1e 
the perpendicular configuration gave on1y 6 % operation， 
indicating that the a1ignment is crucia1 for the device 

productivity. The effective device mobility (拘)of 

device A was found to be ~260 cm2 /Vs， suggesting high potentia1 of SWNT-FETs. 
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Recently， double-walled carbon nanotubes (DWNTs) have attracted a great deal of 
attention in their specific optical properties and possible technological applications in various 
fields of science. In the view of the DWNTs' structural characteristicsラtheyare expected to be 
more stabler for the chemical modification and thermal treatments， compared to single-walled 
carbon nanotubes (S\\尽~Ts).
In order to develop a novel functionalized material using DWNTs， we have probed the 

effects of the chemical oxidation on the physicochemical properties of DWNTs， inc1uding 
dispersion behavior in aqueous solutions. DWNTs from Nanolab were used without白rther
purification. The chemical oxidation was made for the DWNTs with 3:1 concentrated 
H2S04/HN03 mixtures (96 % and 60~61 % ， respectively) under the sonication in a bath-type 
ultrasonicator at 40

0

C for appropriate time; giving rise to the carboxylation for the DWNTs. 
The oxidated DWNTs were faci1itated to be dissolved in water without a dispersant. Then， the 
resulting characteristics were scrutinized by means of various spectroscopies， such as FT -IR， 
near-infrared (NIR) absorptionlphotoluminescence (PL) and Raman spectra， Dynamic Light 
Scattering (DLS)， and Transmission Electron Microscopy (TEM). FT-IR measurements 
revealed that the number of the derived carboxyl groups， which were anticipated to be located 
at the open end of the tube from TEM observations， tended to increase with the increasing 
treatment time. Howeverラtheeffects of the chemical oxidation on the characteristic Raman 
bands for the DWNTs， namely G-(1590 cm-1)， D-(1350 cm-1)， and RBM(Radial breathing 
mode) region bands， were hard to be recognized. At present，白rtherstudies of the 
physicochemical properties of the oxidated DWNTs with NIR-spectroscopies and DLS are 
under the progress. 

References : [l]T.Takahashi et al. Jpn.J.Appl.Phys 43 (2004) 3636 
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Graphene nanoribbons (GNRs) are one-dimensional carbon materials， which is formed 
by cutting a single-walled carbon nanotube along the tube axis [1]. There are two basic shapes 
for graphene edges， namely， armchair (いClおs-po叶lyacet句町ylen即1珂e-勾pe吋) and zigzag (trans-
pol砂yacetηyleneトe-t守ype吋)edges. The zigzag GNRs (ZNGRs) are also expected to be pote凶ial
candidates for spintronics devices [2]. The thermal property of ZGNRs is a key to realize 
GNR-based nano-devices. 
In this talk， we discuss the thermal transport properties of ZGNR junctions as a simple 

proto守peofGNRゐasednano-devices. In Fig.1(a)ラawide ZNGR with a width W is joined to 
a thin ZNGR with a width N through the junction region. Thermal current in ZGNRs is 
dominantly carried by phonons， not by electrons， because they are insulating [3]. In our work， 

the phonon transmission function is calculated using the phonon wavepacket scattering 
method [4]. 
Figure 1 (b) shows the transmission function of phonon wavepacket consisting of a 

longitudinal acoustic (TA) mode for ZGNRs with 1/5， 2/5， 3/5ラ andN/W=4/5. The 
transmission decreases as the ratio N/W decreases. In other words， the contact thermal 
resistance increases with decreasing the ratio N/W. 
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Fig.1: (a) Schematic of a graphene-nanoribbon junction. (b) The transmission function of 
phonon wavepacket consisting of a TA mode of ZGNRs with 1/5， 2/5， 3/5， and N/W=4/5. 

[1] M. Fujita， K. Wakabayashi， K. Nakada and K. Kusakabe， 1. Phys. Soc. Jpn. 65， 1920 (1996). 
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Dispersant for single-walled carbon nanotubes (S¥¥明T)

and SWNT composite gels are potentially important for various 

applications. We have developed a novel oligomeric e1ectrolyte 
l'CI as a new structural motif for hydrogelator. Herein we 

report that l'CI has bifunctional prope口yas a “hydrogelator" 
and an efficient “dispersant" for SWNT. A mixture of 37.5 mg 
of l'CI and 0.5 mg of SWNT (HiPco， CNI) in 5 mL ofwater was sonicated for 1 hour using a 
low-power bath sonication (130 W， 35妊-Iz).A stable dispersion (at least for 6 months) was 
obtained under those mild conditions. A well-resolved optical absorption spectrum (400-1600 
nm) c1ear1y demonstrates that SWNT can be un-bundled and dispersed in an aqueous solution 
of 1・CI(Figure 1a). Dispersion of SWNT using a slightly concentrated solution of l'CI was 
enough to form a SWNT-containing gel without any other additives (Figure 2). The shape of 

UV-vis-NIR spectrum of the gel was found to be essentially the same as that of the solution 

(Figure 1 b). We also found th剖 l'CIacted as an amphiphilic dispersant for SWNT in an 

organic solvent after an exchange ofthe chloride anions of l'CI by perfluorinated ones. 
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Mammography screening is one of the test methods to find out the breast cancer. 

Although the iodinated contrast material is used， the blood capi1laries around cancer are not 

caught well with the present screening techniques. During the radiography， clearer contrasting 

images can be obtained by characteristic X-rays with an X-ray absorption edge that is shorter 

than that of the target materials. Lanthanum (La) containing materials are suitable for X-ray 

target materials as the characteristic X-rays of La are just shorter than the X-ray absorption 

edge of iodine. X-ray target material requires high melting point， heat conductivity， and 

electric conductivity. Lanthanum carbide-encapsulating carbon nanocapsules (LaC2@CNCs)ラ

consisting of several graphene sheet capsules， are expected to have higher melting point， heat 

conductivity and electric conductivity than La or Lanthanum oxide (La203). Here， we report 

solidification and evaluation of LaC2@CNCs. 

LaC2@CNCs were synthesized by a direct current arc-discharge between pure graphite 

rod and metal-loaded graphite rod. The anode rod was drilled and filled with composite of 

La203 and graphite to make rod to contain 1.0 at.% of La. Arc discharge was run with He 

pressure of 100 Torr and arc-discharge current of 70 A. After arc discharging， the cathode 

deposit， containing LaC2@CNCs， was collected and treated with 1M HCl acid to remove 

La203. The sample was mixed by satellite mill in dry condition with Lanthanum boride 

(LaB6)ラ whichis used as a sintering binder. Each composite contained 20， 30， 40， and 50 

wt. % of cathode deposit. Spark plasma sintering (SPS) process with the condition of 80 MPa 

pressure and 1，123 k temperature， was run in an effort to make a sintered solid of 10 mm in 

diameter. The sintered solid was cut into 1 mm width section， and its electric resistance was 

measured. The cut surface of sintered solid was observed by scanning electron microscope 

(SEM). The each result ofthe sintering solid will be reported in detail and discussed. 

Corresponding Author: Ippei Waki 

TEL，FAX:十81-22-795・7392，E-mail: waki@buckyl.kankyo.tohoku.ac.j 

-178-



3P-l 

Reinforcement of Epoxy Composite Sheets by Highly Oriented， 
Highly-Loaded Single-Walled Carbon Nanotubes 

OHidekazu Nishino， Tatsuki HiraokaラTakeoYarnada， Don N. FutabaラKenjiHata* 

Research Center戸rAdvαncedCarbon Materials， Nationαllnstitute 01 Advanced lndustrial 
Science and Technology (AIS刀， 1-1-1 Higashi， Tsukuba， lbaraki 305-8565， Japan 

Due to their extraordinary high rnodulus and strengthラsingle-walledcarbon nanotube 

(S¥¥明T)is considered as the rnost prornlsmg reinforcernent rnaterial to realize high 

perforrnance cornposites. (ref.[1]-[2]). For， an individual SWNT， the estirnated tensile strength 
is in the range of 13~53 GPa， and the rnaxirnurn e1astic rnodulus is close to ~ 1.5 TPa (ref. [2])， 
superior than any know existing rnaterial. Arnong polyrner cornposites， high-strength epoxy 
systerns are very irnportant rnaterials for aircraft， autornobiles， electronics products， and rnany 

other industrial applications. Therefore， rnany efforts have been carried out to reinforce epoxy 
cornposites with SWNTs， which so far has resulted in rather disappointing results. 
Here we present a new and rational approach that enables to fabricate well dispersed， 

highly loadedラ andaligned SWNT/epoxy cornposite sheets rnade frorn very pure and long 

SWNTs. Such SWNT/epoxy cornposite have shown 2.5 and 3.3 tirnes irnprovernent in tensile 
strength and elastic rnodulus when the stress is applied parallel to the alignrnent direction. 

The key point to realize such cornposites was the use of SWNT forests directly grown on 

flexible rnetal foils [3]. A forest [4] can be considered as ideally dispersed SWNT rnaterial， 
and SWNTs in these forests are known to be catalyst free， highly aligned， and very long. 
These features rnake the SWNT forest a very fascinating starting rnaterial to fabricate 

cornposites. The challenge is to develop a rnethod to convert the SWNT forests into a 
cornpositeラ withthe ability to control the shape of the cornposite and direction of the 

alignrnent of tubes while retaining the fascinating features of forests. 
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For the practical application of mass-produced carbon nanotubes(CNTs) for electrical or 

optical devices， simple methods to isolate and disperse CNTs， and then organize them 

into desired patterns are desired. DNA is known as one of good candidate agents to 

isolate and disperse CNTs in water. In this presentation， we present a method to fix 

DNA-dispersed CNTs onto a substrate in arbitrary two-dimensional micro-pattern 

through silane幽couplingagent， which is widely used for fixation of biological molecules 

such as proteinsa and DN A on glass substrate. A MAS-coated glass plate (Matsunami 

glass Ind.， Ltd.) was used as a substrate， and carbon nanotubes were fixed on the 

substrate via strong adhesion between乱1ASand DNA entangled on CNT. First， 

twかdimensionalmask pattern was fabricated with SU・8photoresist (MicroChem 

Corp.) on the MAS-coated glass plate by means of photolithography. The solution of 

DNA開dispersedCNTs was dropped onto the mask pattern and was left for 1 minute. 

The substrate was then washed with pure water 

and dried. Figure 1 is a Raman microscope 

image of the fabricated CNTs stripe pattern. 

With combination of chirality sorting 

techniques using DNA reported recent1y， this 

method would have a potential for CNT-based 

nano-electronic device or optical elements. 
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Single-walled carbon nanotubes (SWNTs) are one-dimensional tubular carbon 

structures with various diameters and chiralities. Owing to their outstanding mechanical， 
electrical and thermal properties， many potential applications have been proposed. However， 
as a result of strong cohesive van der Waals force between them， SWNTs are easi1y forming 
bundles. We have developed the novel dispersion and purification procedures for SWNTs 

using biopolymers as dispersants [1]. Heller， et al. studied that sonication temperature effects 
on the dispersion of SWNTs with SDS aqueous solution showed that the relative intensity of 
chiral structures changed in the intensities of photoluminescence with tempera加re[2]. It has 
been known that optical properties of SWNTs are sensitive to the change in the surrounding 

environments such as temper剖ureand pH [3，4]， 
In this studyラ wehave investigated with respect to temperature effects on optical 

characteristic and dispersion behavior of SWNTs. Several dispersed SWNTs aqueous 

solutions were prepared with biopolymers and surfactants， which have different charges. We 
used carboxy methyl cellulose (CMC)， chitosan， sodium dodecyl sulfate (SDS)， and 
n-tetradecyl trimethyl ammonium bromide as dispersing agents. Then the temperature 

dependences of the optical properties of the dispersed SWNTs were probed by means of the 

spectroscopic techniques such as UV-vis-NIR absorption and photoluminescence. The 

resulting abso中tionspectra indicated that the peak intensities for Sll bands for the dispersed 
SWNTs were largely changed compared to those of S22 bands， regardless of the dispersant 
species. Using biopolymer as a dispersion agent， absorbance was decreased with increasing 
tempera四re.Whereas using SDS， the absorbance was increased with temperature. Likewise， 
the discrepancy between the biopolymers and surfactants appeared in the pH effects. Those 

phenomena are suggested to be attributed to the difference in the structural features of the 

complexation of SWNTs with the dispersants involved in the dispersion behavior of SWNTs. 

References: 

[1] T.Takahashi， C.R.Lucu1escu， K.Uchida， T.Ishii and H.Yajima， Chem.Lett. 11 ， 1516 (2005) 
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Recent1y， the field of tissue engineering has rapidly developed with much efforts being 
concentrated on the attachment control of cells to the scaffolds such as collagen and PLLA. 
Additionallyラ ithas been known that the proliferation and differentiation of cells on their 
scaffolds can be controlled by the surface roughness of materials， and the electric， optical， or 
mechanical stimulation. We have proposed that cellular behavior would be controlled by 
utilizing electric， mechanical properties and luminescence characteristics of single carbon 
nanotubes (SWNTs). In our previous study， it has been found that chitosan was a useful 
dispersant for SWNTs [1]. The objective of this study is to fabricate a novel 
stimulus-responsible cell culture material by using SWNTs/chitosan composite film (SCF)， 
combined with ion beam modification. Ion beam irradiation technique is well known as a 
powerful way to change physicochemical properties of the surfaces without affecting the bulk 
properties. Suzuki et al. reported that ion beam irradiation to polymer surfaces brings about 
the improvement oftheir biocompatibility [2]. 
The purified HiPco S¥¥明Tsfrom Carbon Nanotechnologies Inc. were used without further 
purification. SWNTs were mixed with chitosanl2 % acetic acid solution and then treated using 
an ultrasonic disruptor for 1 hour. The obtained SWNTs dispersions were ultracentrifuged at 
163，000g to remove large SWNTs' bundles. SCF was prepared by casting supematant solution 
on glass substrates. SCF were irradiated at an energy of 150 kV-Kt ion with f1uences of 
lx1013， lxl014 and lx1015 ions/cm2 using RIKEN 200 kV ion implanter. Raman spectroscopic 
analysis showed that the intensity ratio of G band to that of D band with the increase in the 
f1uences， accompanied by the formation of amorphous carbon. This finding was supported by 
the results of XPS analysis. Amorphous carbon phase is suggested to be constructed as a 
result of destruction of chitosan and SWNTs structures by ion beam irradiation. Cell 
attachment test was performed using bovine aortic endothelial cells. Results of 24 hour 
cultivation indicated that cell attachment was improved on the only sample irradiated with a 
f1uence of 1xl015 ions/cm2 compared with norトirradiatedSFC. Consequent1y， it is inferred 
that amorphous carbon phase induced by ion beam irradiation is significantly involved in cell 
attachment， which 

[1] T. Takahashi et a1 Chemical Letters.ll (2005) 1516 
[2] Y. Suzuki Nuclear lnstruments and Methods in Plぴ'sicsResearch B 206 (2003) 501 
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Vertically aligned single-walled carbon nanotubes (VA-S~市~Ts) possess unique 

properties， including superhydrophobicity [1ラ2]and high thermal conductivity. With the aim 
of using these properties to study convective heat transfer and phase change phenomena at a 

VA-SW1、Hsurface， we have attempted to firmly bond VA-SWNT films to a metal surface by 
first depositing a thin metal layer onto VA-SWNT surface， and then welding the thin metal 
layer to a bulk metal surface by high伺temperatureannealing. Firm bonding between the metal 

block and the V A圃S¥¥刊Tfilm was confirmed. 

VA-SWNTs were synthesized on quartz [3， 4] by the alcohol CVD method [5]. After 
synthesis， a 100 nm gold film was deposited onto the VA-SWNTs by vacuum vapor 
deposition. A cross-sectional SEM image is shown in Fig. 1. From this imageラwecan see that 

gold particles have penetrated between the bundles， reaching approximately 1μm into the 
VA“S~乃-.IT film. A substantial crust of gold has accumulated on the top of the film. After 

deposition， the sample (Au-coated VA-SWNT film十 quartzsubstrate) was set inside the 
experimental apparatus (Fig. 2a). A diagram of the inside of the sample chamber is shown in 

Fig. 2b. With a piece of bonding material between the base heating block and Au-deposited 

VA-SWNTs， the sample was adhered to the base by annealing between 600 and 850 oc under 
flowing argon gas. The quartz substrate was then removed using the simple and easy 

hot側waterassisted film transfer technique developed by our group [1， 2]， leaving behind the 
securely attached VA-SWNT film. 

(b) 

回出
Quartz 

VA幽SWNTs
deposited Au 

VA帽SWNTs bond material 

自 base material 

Fig.1: SEM image showing Au deposited onto 

a VA-SWNT film by vacuum vapor deposition. 

Fig.2: (a) photo of experimental apparatus and 

(b) diagram of sample chamber interior. 

[1] Y. Murakami and S. Maruyama， Chem. Phys. Lett. 422，575 (2006). 
[2] 羽.Watanabe et al.， Proc. 43rd Nat. Heat Transfer Symp. Japan 1， 193 (2006). 
[3] Y. Murakami， S. Chiashi， Y. Miyauchi， M. Hu， M. Ogura， T. Okubo， S. Maruyama Chem. Phys. Lett. 385， 
298 (2004). 
[4] S. Maruyama， E. Einarsson， Y. Murakami， T. Edamura， Chem. Phys. Lett. 403， 320 (2005). 
[5] S. Maruyama， R. Kojima， Y. Miyauchi， S. Chiashi， M. Kohno， Chem. Phys. Lett. 360， 229 (2002). 
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The production ofDNA-wrapped single-wall carbon nanotubes (DNA-SWNT hybrids) 
has triggered to a big advance in the techniques of isolation or separation of SWNTs 
required for many applications. The characterization ofDNA-SWNT hybrids by Raman， 
photoluminescence (PL)， and optical absorption spectroscopies， and atomic force 
microscopy (AFM) has been carried out by many groups. Some ofrecent researches are 
shown in Ref. 1-4. For their applications， the mechanism ofthe interaction between 
DNA and SWNT， and the isolation of SWNTs by DNA wrapping need to be understood. 
In this paper， we report the dependence ofthe isolation of SWNTs by DNA wrapping 
on their average diameter. 

HiPco and arc-discharge produced SWNTs with average diameter of 0.9 nm and 1.4 nm， 
respectively， were used as starting materials. 1 mg of SWNTs was mixed in 1 ml 
aqueous double-stranded DNA solution where the DNA was extracted from salmon's 
testis. After the mixture was sonicated on ice， the samples were centrifuged to remove 
insoluble materials， leaving DNA-SWNT hybrid solution. The isolation of SWNTs was 
examined by photoluminescence and optical absorption measurements， and AFM 
observation. 

HiPco SWNTs by DNA wrapping in solution exhibited strong photoluminescence. Note 
that the observation of photoluminescence of SWNTs is an indicator of their isolation. It 
should be noted that no photoluminescence was observed for arc SWNTs with larger 
diameter by DNA wrapping in solution. This indicates that the isolation of arc S¥¥尽.JTs
with larger diameter can not occur by DNA wrapping. These results will provide an 
important insight for the understanding of the mechanism of the isolation of SWNTs by 
DNA wrapping. The mechanism will be discussed with the AFM observation. 

[1] H. Kawamoto et al. Chem. Phys. Lett. 431， 118 (2006). 
[2] H. Kawamoto et al. Chem. Phys. Lett. 432， 172 (2006). 
[3] H. Cathcart et al. 1. Phys. Chem. Cラ111ラ66(2007). 
[4] C. Fantini et al. Chem. Phys. Lett. 439， 138 (2007). 

Corresponding Author: Masaru Tachibana 
E-mail: tachiban⑧yokohama-cu.ac.jp 
Tel: +81・45・787-2307，Fax: +81・45-787副2172

-184-



3P-7 

Stable Dispersion of Single-Wall CarもonNanotubes by a Protein 

oTakeshi Tanaka1， Hehua Jin¥ Tadayuki Imanaka2， Shinsuke Fujiwara3， Hiromichi Kataura1， 

I Nanotechnology Resωrch lnstitute， Nαtional lnstitute 01 Advαnced lndustrial Science and 

Technology (AIST)， 1 -1-1 Higashi， Tsukuba， lbαraki 305-8562， Japan， 
2Depαrtment 01 Synthetic Chemistry and Biological Chemistη， Graduate School 01 
Engineering， Kyoto Universiη， Katsura， Nishikyo-ku， Kyoto 615-8510， Japan， 

3Department 01 Bioscience， Nanobiothechnology Research Center， School 01 Science and 
Technology， Kwαnsei Gαkuin Universiη， 2-1 Gakuen， Sanda， Hyogo 669-133スJapan

Besides applications of carbon nanotube (CNT) to electronic devices， medical 

applications attract a great deal of attention. When CNT is used as drag or drag carrier， it is 
very useful that CNTs are modified by proteins which specifically bind the target molecules. 

As far as we know， only two kinds of protein have been reported to disperse CNTs [1， 21. 
Here we report the novel protein which can disperse CNTs. The protein is prefoldin. In the 

living organisms， the function of prefoldin is to be bound to surface由exposedhydrophobic 

regions of proteins of which structures are incorrect and to stabilize the proteins to prevent 

from degradation. So it was expected that prefoldin could bind the hydrophobic surface of 

CNTs and disperse CNTs well (Fig. 1). 

We prepared the prefoldin from hyperthermophilic microorganism by conventional 

genetic engineering rnethods. Recombinant proteins were produced in Escherichia co/i cells 

and purified. The purified prefoldin and HiPco・CNTwere used for CNT dispersion 

experirnent. We found the ability of prefoldin to disperse CNTs at concentrations higher than 
0.05% protein. The amount of CNTs dispersed by prefoldin was higher than that of bovine 

serum albumin but lower than that of lysozyme. Detail comparison between prefoldin and 

lysozyme was performed at the various pHs and salt concentrations. At pH around pI of 

prefoldin， the protein could not disperse CNTs as reported on lysozyme. Addition of salt 
above 10 mM  NaCl， in the case of lysozyme， caused the disappearance of dispersibility. On 

the other hand， prefoldin could disperse CNTs to a similar extent up to 10 mM  NaCl， and 

even at 100 to 1000 rnM NaCl retained about 40% dispersibility compared to no addition of 
the salt. Since the concentration of physiological 
saline or blood is 150 mM  NaCl， prefoldin should 

be applied to stably disperse and functionalize 

CNTs in the human body for medical uses. 

[1] D. Nepal and K. E. Geckeler， Small， 2， 406 (2006). 

[2] K. Matsuura， T. Saito， T. Okazaki， S. Ohshima， M. 

Yumura and S. Iijima， Chem. Phys. Lett.， 429，497 (2006). 
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We already have reported that zinc protoporphyrin IX (ZnPP) dissolve single-walled carbon 

nanotubes (SWNTs) in organic solutions as long as excess porphyrin is present in solution [1]. 

However， upon removal of excess ZnPP， it was found that the ZnPP-nanotube complex 
precipitates within a few days. 

Polymerized solubilizer is proved to give more stable dispersion than monomeric one [2]. 

From the result， polymeric porphyrin is expected to lead the more stable dispersion. 
Herein， we designed and synthesized meso-meso linked porphyrin (1) as described in the 
literatures [3]. And we carried out solubilization in organic solvents and characterize the 

mes小 mesolinked porphyrin-SWNTs composites. By means of UV-vis-NIR absorption 
spectra measurements， it was revealed that compound 1 could disperse SWNTs in DMF 
solution (Figure 2). 
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Figure 1. Chemical structure of 1 

Figure 2. Absorption spec仕aof 

S\\弓~Ts solubilized with compound 1. 
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A separation of rnetallic and serniconducting carbon nanotubes (CNTs) is of prirnary 
irnportance for白ndarnentalresearches as well as applicationsラparticular1y，in electrical and 
optical fields. The separation rnethods reported so far are based on kinetic differences in 
chernical reactivity or adsorption， electrophoresisラandcentrifugation in solution phase. Hereラ
we report a novel chrornatographic technique that can concentrate rnetallic CNTs by sirnply 
letting the rnixture flow through a specifically designed colurnn. 
Chrornatography is a separation technique widely used in chernistry and biology. A 

rnixture to be separated is poured 企ornone end of a colurnn which is filled with a specially 
designed packing rnateria1. The packing rnaterial should have a property that the tirne takes to 
flow through the colurnn depends on each cornponent of the rnixture. Then， solutions corning 
out of another end at different tirnes contain different arnounts of each cornponent. For 
instance， the packing rnaterial rnay be beads with rnany nanopores through which only srnall 
rnolecules can enter. Because large rnolecules cannot enter the pores， the srnall rnolecules 
spent rnore tirne in beads. Consequently the large rnolecules flow through the colurnn faster. 
Thusラthesolution that cornes out of the colurnn ear1ier contains rnore large rnolecules. 
In this studyラweuse DC electric field and non-uniforrn flow to discrirninate CNT 

electronic types. Previously， we have shown that only serniconducting CNTs are 
e1ectrodeposited on anode surface by DC electric field in anhydrous conditions [1， 2]. In 
contrast， rnulti-walled CNTs， which are rnostly rnetallic， are seen to oscillate between the 
anode and cathode surfaces under certain conditions. These observations indicate that rnetallic 
and serniconducting CNTs have different rnotions across the electrodes under DC electric 
field. If non-uniforrn flow is applied between the electrodes perpendicular to the electric field， 
one cornponent can be carried down faster than another by the flowing liquid. 
As a prirnary study， single-walled CNTs dispersed in an anhydrous organic solvent 

was placed at the top of the parallel plate electrodes. With a constant supply of the solvent 
froni the top， the dispersion was flown down between the electrodes with DC electric field. 
The geornetry and the flow speed were a司justedso that the liquid near the rniddle of 
electrodes flown faster than one near the electrode surfaces. The s 

[1] Abe， Y.， Tomuro， R.， Sano， M.; Adv. Mater. 17，2192-2194 (2005). 
[2] TomuroラR.，Matsumoto， T.， Sano， M.;やn.J. Appl. Phys.， 45， L578-L581 (2006). 
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Many potential applications of single-walled carbon nanotubes (SWNTs) have been 
extensively expected because of their excellent mechanical and electrical properties. 

However， SWNTs are typically grown as the bundles of metallic and semiconducting SWNTs 

(m幅 andシSWNTs)，which is a hindrance to their widespread applications. Since there is no 
method for selective preparation of SWNTs having specific electrical properties， it is 
technologically important to separate m-SWNTs and s-SWNTs.1 The chemical vapor 

deposition (CVD) method attracts broad attention for one of possible low-cost and large明scale
production of SWNTs. We herein report separation of SWNTs produced by several CVD 

methods and preparation of transparent and conductive thin films made of SWNTs and 
m-SWNTs， respectively. 
A typical procedure for separation of m-SWNTs is as 
follows: 1 mg of SWNTs was added to 10 mL of a 

tetrahydrofuran (THF) solution containing amine， and then 
sonicated for 2 hours followed by centrifugation (45 kG).2.3 The 

absorption， photoluminescence， and Raman spectroscopies 
showed that separation of m四SWNTsfrom SWNTs was 
achieved effectively by our method. 

Transparent and conductive thin films were prepared by 

spraying S羽lNTsdispersion onto substrate with an airbrush. 
The thin films were characterized by UV-vis spectroscopy and 
a 4-point probe conductivity measurement. Compare to the 

films made of SWNTs as received， m-SWNTs films are 10 
times more conductive at same transmittance. 
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Single-walled carbon nanotubes (SV.市ns)conduct electricity well， which could make 

them promising for many electronic applications， such as transistorラ chemicalsensor， solar 

cell， and so on. However， manufacturing devices using single SWNT is expensive and suffers 

from reliabi1ity problems. Recently， it was found that the thin film constructed by networks of 

SWNTs could perform a variety of basic electronic functions [1]. The thin film of SWNTs has 

prepared by wet process using dispersion of SWNTs so far， but that is not generally as easy as 

it sounds. Once SWNTs are mixed in solventsラ theytend to bundle together， requiring 

surfactants to keep them isolated. It should be expected that surfactants would give an 

impediment to the electronic conductivity. Therefore development of the dry process for 

preparing homogeneous thin films of isolated SWNTs is eagerly anticipated. 

Here we have tried to develop a dry-process of depositing the thin film of Sv.明Ts

synthesized by the enhanced direct injection pyrolytic synthesis (e-DIPS) method. The 

morphology and optical properties of the SWNT film will be discussed in detailed. 

[1] G. Gruner， Scientific American， pp. 76・83，May 2007. 
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In an e百ortto realize carbon nanotube (CNT) FET， it is necessary to modify electric 
characteristic of grown CNTs by using plasma process. However， the conventional plasma 
process damages CNTs because charged particles and ultraviolet photons訂eirradiated to the 
CNTs. As a result， the CNT FET could not be practically fabricated using conventional 
plasma processes. Here， we have proposed damage free surface modification by using our 
developed neural beam to resolve the problems and to practically fabricate the CNT FET 
without any damages. Neutral beam can almost eliminate irradiation of charged particles and 
ultraviolet photons to CNTs. In this study， we irradiated Ar plasma and Ar neutral beam to 
single-walled carbon nanotubes (SWCNTs). Raman spectra confirmed that the intensity ratio 
of D-band/G-band in SWCNTs irradiated by neutral beam was still kept at the same as that 
with nobeam irradiation. Converselyラtheintensity ratio of D-band/G-band was drastically 
increased by conventional plasma irradiation. Transmission electron microscopy could also 
confirm that SWCNTs did not have any damages after the neutral beam irradiation， whereas 
SWCNTs was destroyed by conventional plasma irradiation. Neutral beam process is very 
promising candidate for fu印reCNT FET fabrication processes. 

Correspondi時 Author:Seiji Samukawa 
TEL: +81-22-217・5240ラFAX:+81・22-217四5240，E司mail:samukawa@ifs.tohoku.ac.jp 
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The New Feature Development of 
Carbon Nanotubes-Polybenzimidazole Composite 

oMin'Oru Okam'Ot'O， Tsuy'Ohik'O Fujigaya and Na'Ot'Oshi Nakashima 

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

Carb'On nan'Otubes (CNTs) have expected in m'Ost areas 'Of science and engineering due t'O 

th出 mechanicalproperties， elec仕icalproperties and s'O 'On[l]. But， the applicati'On 'Of CNTs is 

limited because they f'Onn bundles each 'Other and p'Ossess p'Oor s'Olubility in any s'Olvents. Many 

researches 'Of dispersing CNTs in s'Olvent and preparing CNTs-p'Olymer c'Omp'Osites has been 

rep'Orted[2]. In this time， we f'Ocus 'On P'Olybenzimidaz'OleσBI) as p'Olymer materials. PBI is used as 
super engineering plastic because 'Of the heat stability. In additi'On， PBI is expected t'O apply f'Or s'Olid 

p'Olymer elec仕olytemembrane 'Of fuel cells. 
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First， we examined if PBI can s'Olubilize CNTs in 

s'Olvent. CNTs were added t'O the s'Oluti'On which PBI 
was diss'Olved in dimethyl sulf'Oxide (DMAc). This 

s'Oluti'On was s'Onicated t'O diss'Olve CNTs， f'Oll'Owed by 
centri白gati'On.Fig.l (A) sh'Ows the abs'Orpti'On spectra 

'Of the suspenti'On after centrifugati'On. F'Or c'Omparis'On， 

the same 'Operati'On with'Out PBI was carried 'Out and 

abs'Orpti'On spectra is sh'Own in Fig.l (B). 

800 1000 1200 1400 1600 
Wavelength I nm 

Fig.1 Vis-NIR spectra of CNTs solution 
(A) with PBI (B) without PBI. 

、・EノB
 In the case 'Of the s'Oluti'On inc1uding PBI (Fig.l 

(A))ラ the characteristic spectral features due t'O 
diss'Olved CNTs were c1early 'Observed in the near-IR 
regi'On. On the 'Other hand， the characteristic abs'Orpti'On 

due t'O CNTs was n'Ot 'Observed in the absence 'Of PBI 
(Fig.l (B)). This means PBI can act as s'Olubilizer f'Or CNTs. It is attributed that the πーπ
interacti'On between PBI and CNTs plays an imp'Ortant role f'Or debandling 'Of CNTs. 
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Next， the CNTs-PBI c'Omp'Osite films and PBI 
films were prepared by spreading each s'Oluti'On 'On a 

glass plate and the s'Olvent was evap'Orated， (Fig.2). 
The tensile strength and Y'Oung's m'Odulus 'Of each 

film was measured， and f'Ound that th'Ose 'Of 
CNTs-PBI c'Omp'Osite film is ab'Out 1.6 times higher 
than PBI film with'Out CNTs. Fig.2 CNTs-PBI composite film and PBI film. 

[1] D.Tasis， N. Tagmatarchis， A. Bianco， M. Prato， Chem. Rev.， 106， 1105 (2006). 

[2] 1. N. Coleman， U. Khan， Y. K. Gun'koラAdv.Mater.， 18， 689 (2006). 
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Teas Solution Individually Solubilizes Single-walled Carbon Nanotubes 

oGenki Nakarnura， Kaori Narirnatsu， Naotoshi Nakashirna 

Department 01 Applied Chemistry， Graduate School 01 Engineering， Kyushu University， 
744 Motooka， Nishi-ku， Fukuoka 819-0395，.h正1pan

Carbon nanotubes (CNTs) are insoluble in solvents due to their s仕ongintertube van der 

Waals interactions. Therefore， strategic approaches toward the solubilization of CNTs are 
highly irnportant in wide fields including chernis句T，physics， biochernistry， biology， and 

pharrnaceutical and rnedical science. Our interest focused on the fundarnental and applications 

of soluble carbon nanotubes in aqueous and organic systerns.2 We3 and others4 have already 

described that cornpounds (including polyrners) bearing a condensed polycyclic arornatic 

rnoiety such as pyrene， anthracene， porphyrin， or polyirnide group dissolve CNTs in water or in 

organic cornpounds. Double-5 and single6 stranded-DNAs th瓜 arebiological cornpounds 

carrying polycyclic arornatic rnoieties are also good CNTs solubilizers in water. 
We present here new CNTs solubilizersラ thatis， teas， which contains nurnerous 

cornpone~ts with antioxidant activity including polyphenols， rninerals， and vitarnins. 
Catechins I are typical polyphenols th剖 arecontained in tea， so we tested catechins to dissolve 
CNTs. We used single-walled carbon nanotubes (SWNTs) as CNTs since individually 

dissolved SWNTs show characteristic structural spectral features in the near-IR region. 

[1] S. Iijima， Nature 1991ラ354，56.

[2] N. Nakashima， N. Internationα1 J. Nanoscience 2005， 4ラ119.

[3] N. Nakashima， Y. Tomonari， H. Murakami， Chem. Lett. 2002，31，638. 

[4] H. Paloniemi， T. Aariralo， T. Laiho， H. Like， N. Kocharova， K. Haapakka， F. Terzi， R. Seeber， J. Lukkari， J. 

Phys. Chem. B 2005，109，8634 

[5] N. Nakashima， S. Okuzono， H. Murakami， T. Nakai， K. Yoshikawa， Chem. Lett. 2003， 32，456. 

[6] M. Zheng， A. Jagota， E. D. Swmke， B. A. Diner， R. S. Mclean， S. R. Lustig， R. E. Richardson， N. G. Tassi， 

Nat. Mater. 2003， 2， 338. 

[7] N. Ihara， Y. Tachibana， J. E. Chung， M. Kumisawa， H. Uyama， S. Kobayashi， Chem. Lett. 2003， 32， 816. 
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Side-wall attachment of porphyrins to the "shortened and esterified" 

carbon nanotubes 

Toru Arai， Shingo Nobukuni， Kohsuke Takahashi， Y oshikazu Shimote O 
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汁0へ容器な部::2:;;;巴〉郡部部:
(CNTs) ゐ::~Q卦退治品企Co，削 R忌丞丞珪泣込

covalently linked to porphyrins have been limitedly investigated [2，3]. 

synthesis and photochemistry of porphyrin-linked， "shortened and esterified" CNTs . 

The SWNT sample (Aldrich) was sonicated in HN03 / H2S04・

of the shortened CNT was converted to pentyl ester (Scheme 1) [4]. Aminoethyl group was 

grafted via the pyrrolidine ring [3]. Then porphyrin with -COCl was coupled to yield the 

porphyrin-linked CNT， which was isolated by silica-gel column chromatography (CHC13-

DMF). These modifications of CNTs were characterized by IR and TGAlDSC. The 

shortening of CNTs could be monitored by MALDI-TOF-MS; the signals at -m々 =50000 
increased with the progress of the reaction. 
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spectra of the porphyrin-linked苦 0.4

(Figure la)shows the absorption of i03 
porphyrins (419 nm). The emission sp戸附e即Cはtmm }し

向M。
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nm) seemed to be a sum of the CNT emission 匂

UV-vis 

CNT 

(broad signal at 500-600 nm) and the porphyrin 

emissions (653 and 720 nm). Interestingly， the 

porphyrin emission from the porphyrin-linked 

CNT little differs from the emission of the reference porphyrin (Figure 1 b broken line)， which 

indicate a weak interaction between por下hyrinand CNT in our porphyrin-linked CNT. 

B∞ 
0 ・・・ 0 
4∞5∞6∞7∞飯沼 5∞ ωo 700 
Wavelength / nm Wal/elength / nm 

Flgure 1 (a) UV哨sand (b) emission s問d悶{入国=419 
nm) of porphyrin-linked CNT in DMF. 

[1] H. Imahori， Bull. Chem. Soc. Jpn.， 80， 621 (2007). 

[2] D. Baskaran et al.， J. Am. Chem. Soc.， 127， 6916 (2006). 

[3] H. Imahori et al.， Abstracts ofthe 31st Fullerene-Nanotubes General Symposium， 3-14. 

[4] R. E. SmaIley et al.， Science， 280， 1253 (1998); H. Garcia et αl.， Chem. Phys. Lett.， 386，342 (2004). 

Corresponding Author: Toru Arai， Tel and Fax: +81-93-884-3303， E-mai1; arai@che.kyut巴ch.ac.jp

一 193-



3P-16 

Simultaneous Spectroscopy of Photoluminescence and Photocurrent of 

Individual Carbon Nanotubes in Field-Effect Transistor 

oAtsushi Kobayashi1， Yutaka Ohno1ぺShigeruKishirnoto 
1， and Takashi Mizutani 

1 

1 Department of Quantum Engineering， J¥Tagoya UniνersiかNαgoya464-8603， Japan 
2pRESTO， Japan Science and Technology Agency， Saitama 332-0012， Japan 

Serniconducting single-walled carbon nanotubes (SWNTs) are prornising for optical 
functional rnaterials because they have a near-ideal 1D electronic state and direct bandgap. 
Photolurninescence (PL) and photocurrent (PC) spectroscopy are useful techniques to study 
not only 1D exciton physics but also carrier transport phenornenon in SWNTs. [1] In this 
studyラwehave sirnultaneously investigated PL and PC of individual SWNTs in field-effect 
transistor (FET). 
The device has S札TNTsbridging over a仕enchforrned on Si02/Si subs仕ate，as shown in 

Figure 1. The both width and depth were ~2μrn. The rnetal catalyst pattem， Co/Pt (211 0 nrn)， 
were forrned on both sides of the trench. The rnetal catalysts were also used as the source and 
drain electrodes. SWNTs were synthesized by aIcohol chernical vapor deposition technique. A 
Ti/Sapphire laser was used for an excitation source. The diarneter of incident laser spot on the 
device surface was ~ 2μrn， which enable the rneasurernents of a single SWNT. 
Biasing the device at off-state， we could obtain PL and PC of a Sv.弓.JTsirnultaneously， as 

shown in Figure 2. These excitation spec仕ashowed good correlation. With increasing the 
drain bias， PL intensity collapsed and PC increased. We have estirnated the optical absorption 
cross-section of a single free-standing SWNT frorn the Pc. 

[1] Y. Ohno， S. Kishimoto and T. Mizutani， Nanotechnol. 17，549 (2006) 
Corresponding Author: Yutaka Ohno 
TEL and FAX: +81-52・789-5387，E-mail: yohno@nuee.nagoya-u.ac.jp 
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Fig.2 Excitation spectra of the PL 

and PC of a single SWNT. 
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Bundle Reconstruction of Isolated Single Wall Carbon Nanotubes 

OYasumitsu Miyata1，2， Kazuhiro Yanagi2， Yutaka Maniwa1 and Hiromichi Kataura
2 

lDψαrtment of Physics，あわ10Metropolitan Unive町 iか1-1Minami-Osawa， Hachioji，おか0
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2Nanotechnology Resωrch lnstitute (̂砲)， National lnstitute of Advanced lndustrial Science 
αnd Technology (AIS刀， 1-1-1 Higαshi， Tsukuba 305-8562， Japan 

One of the important issues for understanding of the physical properties of single wall 

carbon nanotubes (SWCNTs) is the correct characterization of the distribution in both tube 

diameter and chiral angle. Since the first report on the chirality-assigned optical spec仕aof 
individual SWCNTs by Bachilo et al.，[l] photoluminescence (PL) and resonance Raman 
spec仕oscopyhave been widely used for the characterization of the detailed composition of 

SWCNTs. For exampleラthePL analysis suggests that the CoMoCAT method mainly produces 
the speci白cchiralities， such as (6，5) and (7，5) SWCNTs.[2] However， it is still unclear 

whether the optical signal really reflects the true chirality distribution of the sample. The 
problem is mainly due to less information about the chirality dependence of the PL (Raman) 

cross section and about the possible chirality selection in the dispersion process with 

surfactant followed by the centrifugation. To solve this problem， it is essential to combine the 
PL results with non-spectroscopic diameter estimation for the identical sample without any 

additional dispersion process. 

In this work， we investigated the diameter distribution of the CoMoCAT SWCNT by 
the PL and the x-ray dif企action(XRD). First， well isolated SWCNT dispersion was prepared 
through the sonication and ultra centrifugation processes. After the PL measurementラaplece 

of bucky paper was produced 企omthe dispersion. Then， the XRD pattem of the bucky paper 
was measured (Fig. 1a). Thus the PL and XRD measurements were recorded on the 
completely identical samples. The XRD ana1ysis shows that the average diameter is 0.78土

0.01 nm and its dispersion is 0.12 nm by assuming a Gaussian distribution. As shown in Fig. 

1bラthePL intensity of each chirality agrees with the diameter distribution estimated 企omthe 
XRD result. This result first revealed that the relative PL intensity of the Co乱10CATSWCNTs 
actually represents their diameter distribution. 
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Fig. 1. (a) The observed XRD pattem ofthe CoMoCAT SWCNTs 

(open circ1e)ラandthe simulated pattem (solid line). (b) The PL 
intensity of each chirality plotted as a白nctionon diameter ( open 

circ1e)， and the diameter distribution estimated企omthe XRD resu1t 
(solid line). 
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Length Dependence of Raman Intensity of the Single Wall Carbon 

Nanotube 

*Jin Sung Park1)， Riichiro Saito1)， Kentaro Sato1)ラJieJiang2)， Gene Dressselhaus3)， 
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3
lFrancis Bitter Magnet Laboratory， 4) Department ofElectrical Engineering and 

5) Computer Science， Department of Physics， Massachusetts Institute of Technology， 

Cambridge， MA 02139-4307， USA 

Since excitonic effects are important in the optical properties of the single wall 

carbon nanotubes (S¥¥明Ts)，we should consider an exciton picture to study Raman 

scattering. We have developed an exciton model by solving the Bethe-Salpeter equation 

in the SWNTs within tight binding model [1]. Unlike single particle picture， the exciton-

photon matrix elements [2]， as important factor to calculate the Raman intensity， 

strongly depend on the diameter but no tube type and no chiral angle dependence. 

Especially， the exciton-photon matrix element has a larger value for a longer SWNT， 

because the exciton wave function coefficient depends on tube length related to number 

of k points. For the first resonance Raman scattering such like RBM and G-band， the 

Raman intensity in the range of tube length more than 100 nm does not depend on tube 

length. However， for very short SWNT， i.e. 20 nm， the Raman intensity considerably 

becomes weaker relative to tube length more than 100 nm. The reason is that the exciton 

wave function coefficient to be included in exciton-phonon matrix term quickly 

decreases with reducing tube length rather than tube 1ength normalization in the Raman 

intensity formula. We will also compare our calculated results with experiment [3] for 

double resonance Raman scattering. 

Reference: 

1) J. Jiang， R. Saito， Ge. G. Samsonidze， A. Jorio， S. G. Chou， G. Dresselhaus， and 

M. S. Dresselhaus， Phys. Rev. B. 75，035407， (2007) 

2) J. Jiang， R. Saito， K. Sato， J. S. Park， Ge. G. Samsonidze， A. Jorio， G. 

Dresselhaus， and M. S. Dresselhaus， Phys. Rev. B， 75， 035405， (2007) 

3) S. G. Chou， H. Son， A. Jorio， R. Saito， M. Zheng， G. Dresselhaus， and M. S. 

Dresselhaus， App1. Phys. Lett.， 90， 1311 09， (2007) 
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Imaging Inter-layer Interaction of 

Double幽WallCarbon Nanotubes by U耳V幽STM

oN. Fukui¥Y. Kato1， H. Yoshidat， T. Sugai1， S. Heike2， M・F可imodラy.Suwa2， 
T. Hashizume2，3 and H. Shinohara1人5

21Department ofChemistry
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4Institute for Advanced ResearchラNagoyaUniversity， Nagoya 464咽8602，Japan 
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Double-wall carbon nanotubes (DWNTs) are known to exhibit unique electronic and 

mechanical properties of various kinds [1]. These novel properties stem from very thin 

graphite layer structures with an excellent graphitization compared to those of single-wall 

carbon nanotubes (SWNTs) and multi-wall carbon nanotubes (M¥¥明Ts).
The characterization of inter-layer interaction of DWNTs has been performed by 

spectroscopic techniques such as Raman spectroscopy and photoluminescence which can 

provide information on the chirality and band structures of DWNTs [1]. However， the 
information obtained by such techniques show generally on the bulk sample. 

To investigate the inter-layer (i.e.， inner and outer tube) interaction of an iso lated DWNT in 
detail， one of the best ways is to observe interference of the electronic states between the 
inner and outer tubes with scanning tunneling microscopy (STM) which was succeeded to 
clarify inter-layer interactions in graphite [2]. Here， we investigate inter-layer・interactions
exerted in DWNTs by using ultra-high vacuum STM (UHV-STM). 
D¥¥刊Tswere prepared by the pulsed-arc discharge method [3] and were dispersed in 

chloroform by ultra-sonication. Solutions of DWNTs were deposited onto clean Au(111) 

using the pulse-jet injection method under high-vacuum[4]. The sample was transferred to an 

UHV chamber and was annωled at 700K to remove the residue solvents. All STM 

measurements were performed in UHV conditions at room temperature. 
STM images obtained show that some DWNTs exhibit a periodic super-structure along the 

tube axis caused by the interference between the inner and outer tubes [4] (Fig.l). The most of 

DWl'、Hs，however， do not show such a super-structure on the surf注ceofD¥¥明Ts.
The super嗣structuredue to inter-layer interactions should have close relationships with 

inter-layer distance and their diameters. We will discuss the super-structures in terms of the 

interference ofthe electronic states ofthe inner and outer tubes based on the STM images of 

the DWNTs. 

[1] N. Kishi et. al. ， J. Phys. Chem. B， 
110，24816(2006) 
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[2] W. T. Pong et.al.， Sur王Sci.，601， 498 Fig.l. STM image ofinner and outer tube ofDWNT 
(2007) 
[3]τ. Sugai et.al.， Nano. Lett.， 3， 769 (2003). 
[4] N. Fukui et.al.， Abstracts ofThe 30出Fuller叩 e-NanotubesGenera1 Symposium， Jan 7， 2006，Nagoya， Japan 
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In Situ Manipulation and Engineering of Carbon N anotubes 

Inside a Transmission Electron Microscope 
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Resωrch center for Advanced Carbon Mαteriαls， Nationallnstitute of Advanced lndustrial 
Science and Technology (AlS刀，Tsukuba305-8565， Japan 

Since their discovery in 1991 [1]， carbon nanotubes (CNTs) have been recognized as 

particularly important materials because of their extraordinary mechanical and electronic 

properties. Among them， realization of interconnection of CNTs as the building blocks of 

future nanoelectronics is of particular interest for the bottom-up process to generate all-CNTs 

based devices. Although previous in si同 transmissionelectron microscope (TEM) studies 

have made CNTs junctions available ('wall to wall' and Y type) ， these junctions were 

produced under irradiations of ultra-high energy electrons [2， 3]. Near-atomic precision to 

realize the site-assigned j oining (such as ‘cap to cap') has not yet been achieved. In this report 

we will present a simple in situ Joule heating can realize the serial connection of two CNTs 

with the precise control when their chiral induces are identical or even ‘close' to each other [4， 

5]. Both single-walled carbon nantoubes (SWNTs) and multi-walled carbon nanotubes 

(MWNTs) have been successfully joined. Moreover， for those CNTs with a large mismatch in 

their diameters (chirality also)， with the introduction of metal catalyst， they could also be well 

joined. Using simple techniqueラinprinciple， we could make any length oftubes. 

[1] S. Iijima， Nature， 354， 56 (1991) 

[2] M. T，巳rroneset al， Science， 288， 1226 (2000). 

[3] M. Terrones et al， Phys. Rev. Lett.， 89， 075505 (2002) 

[4] C. H. Jin， K. Suenaga and S. Iijima， submitted 

[5] C. H. Jin， K. Suenaga and S. Iijima， in preparation 
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Predominance of small bundles within vertically aligned SWNT arrays 
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Here we report recent TEM observations of the intemal structure of vertically aligned 

single-walled carbon nanotube (VA-SWNT) arrays synthesized from alcohol. It was found 
that the SWNTs within the aligned array form into thin bundles， typically containing fewer 
than ten nanotubes. This small bundle size is significant in that it results in reduced tube-tube 

interactions， allowing the SWNTs to retain more oftheir one-dimensional nature[l]. 
The VA-SWNTs investigated in this study were synthesized by the a1cohol catalytic 

chemical vapor deposition (ACCVD) method [2]. Figure la shows a VA-SWNT array 

approximately 4μm thick. TEM observations were performed by transferring the array onto a 

TEM grid using a hot-water transfer method [3]. The VA-SWNTs were then observed along 

the alignment direction. lnside the TEM， we obtained cross-sectional images at different 
depths into the arrayラshownby dashed lines in Fig. laラbyshifting the focal plane. An image 

corresponding to 600 nm into the array is shown in Fig. lb. We also studied these VA-SW1'、Hs

by high-resolution Raman spectroscopy (Fig. 2). Using a 488 nm excitation laser， the broad 
peak at 180 cm-

1 
was found to consist offour separate， sharp peaks. The origin ofthese peaks 

is still unclear， but since they do not appear in random SWNTs bundles [2]， they are thought 
to be related to the small bundles or isolated SWNTs within the vertically aligned arrays. 
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Fig. 2: Raman spectra from VA剛SWNTs.Fig. 1: (a) SEM image of a 4μm thick "仇-SWNTarray. Dashed 

Inset shows splitting of the 180 cm-I lines show depth of cross欄sectiona1TEM images. (b) TEM image at 
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[2] S. Maruyama， E. Einarsson， Y. Murakami， T. Edamura， Chem. Phys. Lett. 403， 320 (2005). 
[3] Y. Murakami and S. Maruyama， Chem. Phys. Lett‘422， 575 (2006). 
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Abstract: Single wall carbon nanotubes (SWNTs) having semiconducting properties are 

promising as electronic materials for nano-scale devices in the future， and the electrical 

properties of SWNTs are of significantly fundamental and practical interests. lt is well known 

that the field effect transistors (FETs) fabricated using semiconducting SWNTs show high 

performance in terms of the mobility. However， carriers in pristine SWNTs are mostly holes， 

therefore， SWNTs -FETs usually show p-type properties. For applying CNTs to electronic 

devices， it is necessary to control the both carriers of electrons as well as holes， that is， the 

electron carrier doping should be established. We reported the FET properties of SWNTs 

exohedrally modified by Si幽containingorganic molecules of in the previous meetingラ and

demonstrated that p-type nanotubes can be converted to n・typeones. However， because of 

ununiformity of the surface silylation of SWNTs， the confirmation of charge transfer from the 

exohedral functional groups to SWNTs is extremely 

difficult. In this meetinιwe will discuss the effect 

of surface chemical modification on the 

SW1'、H:シFETsproperties in more detail by FET and 

spectroscopic methods. In this study， we used the 

organic molecule adsorbed SWNTs to make clear 

the effect of modification， and it was demonstrated 

that an n-type property can be enhanced by 

(Si(phh
t
Bu)2 adsorption also in a similar manner to 

the surface silylated ones (Fig.l). We will also 

discuss the possibility of charge transfer by using 

spectroscopic methods. 
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Threshold Energy ofLow-Energy Irradiation Damage in Single-Walled 

Carbon N antoubes 

OSatoru Suzuki and Yoshihiro Kobayashi 
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αnd CREST， Japan Science and Technology Corporation 

We have shown that low-energy electron and photon irradiation to single-walled 

carbon nanotubes (SWNTs) creates defects， which have unique characteristics [1]. The 
activation energy of the defect healing has been estimated to be about 1 e V [1]. On the other 

hand， the exact threshold energy of the damage has not been determined yet， although our 
previous study [2] has shown th剖 itis less than 20 e V. Determining the threshold energy 
would be very important for clarifシingthe mechanism of the low-energy irradiation damage. 
Here， we study irradiation effects of photons whose energy is less than 20 e V. 
SWNTs were grown by using the thermal chemical vapor deposition (CVD) method. 

Ethanol was the carbon source. Photon irradiation was performed at beamline BL-IB of the 

Ultraviolet Synchrotron Orbital Radiation Facility (UVSOR)， Institute for Molecular Science， 
Okazaki. All the irradiations were carried out at room temperature and in an ultra-high 
vacuum of ~5xl0司7 Pa. The irradiation dose was ~5xl017 cm-2

• After the irradiations， Raman 

spectra were measured in air with an excitation wavelength of 785 nm. 
Figure 1 shows the Raman spectrum of SWNTs irradiated by 3-to 7-eV photons and 

that of unirradiated S¥¥乃.JTs.A G-band intensity decrease and D-band intensity increase were 

observed for SWNTs irradiated at 6 and 7 e V， although they were not observed at 5 e V or 
below. The result strongly suggests 

that the threshold energy of 

low-energy irradiation damage is 
within an energy range of 5 to 6 e V. 
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Carbon nanotubes (CNTs) have been in the fore企ontof nanoscience and nanotechnology 

because of their many unique properties. However， their insolubility in solvents has hindered 

chemical approaches using CNTs. We have reported the fundamental properties and 

applications of soluble carbon nanotubes in aqueous and organic systems [1-3]. Individual1y 

dissolved CNTs show the inherent properties of the CNTs that are not seen in bundled ones. 

Semiconducting single wal1ed carbon nanotubes (SWNTs) exhibit interesting optical 

properties via redox reactions [4-6]. Here， we report the finding that near IR absorption and 

photoluminescence spectra of individually dissolved SWNTs in aqueous micellar solution are 

regulated by the addition of a chemical reducing agent. The details will be reported at the 

presentatlOn. 
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Single wall carbon nanotubes (SWCNTs) exhibit remarkable elec仕onicand optical 
responses originating企omthe one-dimensionality of the system. However， these responses 
have not yet been白llyunderstood because most of previous studies have been conducted on 
a mixture of metallic and semiconducting SWCNTs. Thus， high-purity SWCNTs with a single 
electronic type is strongly required for more precise understanding of these physical 
propertIes. 
In this work， we investigated the optical properties of high-purity metallic and 

semiconducting SWCNTs mainly by optical absorption and Raman spec仕oscopy.The 
separation of metallic and semiconducting SWCNTs was achieved through density-gradient 
centrifugation processes [1]. Figure 1 shows the optical absorption spectra of metal-emiched 
(M-) and semiconductor-emiched (S-) SWCNT thin films. The spectra were normalized at the 
peak of 4.4 eV caused by πplasmon resonance. Since the numbers of πelectron are identical 
for both semiconducting and metallic SWCNTs， the optical absorption due to the πplasmon 
excitation should be the same. Although Sl absorption band is sti1l observed in M-SWCNTs， 
the purity of each type of SWCNT is very high compared with the previous works. 
Unexpectedly large Ml and M2 absorption bands were observed. Important1y， it can be seen 
that the in企aredabsorption intensity ofthe M-SWCNTs is about two times higher than that of 

the S-SWCNTs at the long wavelength 
limit. This indicates， as a matter of course， 
higher conductivity of M-SWCNTs than 
S-SWCNTs. Raman spectra and the other 
optical properties wi1l be discussed. 
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Environmental effects on photoluminescence of carbon nanotubes 
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In order to understand the optical properties of single-walled carbon nanotubes 
(S¥¥明T)，it is important to understand the environmental effects. In this study， we have 
studied the dielectric screening effect by the surrounding material around the nanotube. The 
dependence of exciton transition energy on dielectric constant of surrounding material has 
been investigated in the range of dielectric constant 企om1.0 to 37， by means of 
photoluminescence spectroscopy [1]. 

The sample with fee-standing SWNTs (Fig. 1) was immersed in various organic 
solvent with different dielectric constant. With increasing dielectric constant， both Ell and E22 
exhibited a redshift by several tens me V and a tendency to saturate at a dielectric constant 
about 5 with an indication of small (n，m) dependence (Fig. 2). The redshifts can be explained 
by the decrease in the electron-electron repulsive interaction which exceeds that of 
electron-hole attractive interaction [2]. The energy shift was larger for the nanotube with a 
smaller diameter. 
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Understanding of the environmental effects of photoluminescence (PL)丘omSWNTs 
[1， 2] is important for elucidating their electric structures and optical properties. To investigate 
the environmental effects， we measured PL from the suspended SWNTs between quartz 
pillars in an environmental vacuum chamber， which controlled sample temperature and 
ambient gas conditions (gas species， its pressure and velocity). Figures l(a， b) show the PL 
maps of a suspended (9，7) SWNT measured at room temperature (a) in ethanol gas (5.3xl0 
Torr) and (b) in vacuum (2.5xl0-2 Torr). The El1 and E22 energies of SWNTs in the ethanol 

gas were almost the same as those of suspended SWNTs in air [3， 4]. However the PL peak 
was blue-shifted in vacuum as shown in Fig. l(b). Figure l(c) shows the ethanol gas pressure 

dependence of emission peak wavelength (El1 energy) ofthe suspended (9，7) SWNT. The El1 
energy exhibited a slight and continuous blue-shift with decreasing ethanol gas pressure in a 

high pressure range， while it drastically blue-shifted [2] at transition pressure (approximately 
3 Torr). Below the transition pressure， the energy was independent of the gas pressure. All 
suspended SWNTs had the similar ethanol gas pressure dependence in PL and the transition 
pressure was dependent on SWNT tube diameter and temperature. Independent of chirality 

indices， the thinner SWNTs had higher transition pressure and the transition pressure 
increased with increase of temperature. 

We assumed that SWNT surface was covered with ethanol molecules above the 

transition pressure while it was perfectly clean below the transition pressure， and that the 
dielectric constant of the SWNT environment， which changed both El1 and E22 energies， 
depended on the absorbed amount of ethanol molecules. 

[1] J. Leti巴bvre，et α1.， Phys. Re以eB， 70 (2004) 045419. 
[2] P. Finnie， et al.， Phys. Rev. Lett.， 94 (2005) 247401. 
[3] Y. Ohno， et al.， Phys. Rev. B， 73 (2006) 235427. 
[4] J. Lefebvre， et al.， Appl. Phys. A， 78 (2004) 1107 
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We report the synthesis of :C :C :C :C :C :C :C 
fullerene C70仕omC60 by gaseous C20→ C30→ C40→ C50→ C60→ C70→ C80→ C90 

carbon insertion into CC bonds. 

Gaseous carbon atoms :C "jump" 

into CC bonds without c1eavage of 
the overall molecular structure and 

without significant side reactions 

[1]. The carbon insertion reactionsラ
known for linear carbon chains [2]， 
are simple， c1ean， efficient， and require only :C and a CC bond. As an extension of the carbon 
insertion reactions into CC bonds， we have formed向llereneC70 from C60 by insertion of 
carbon atoms created in the photolysis of C302・Thereactions were made at 800~ 1 OOOoC. A 
significant amount of fullerene C70 was formed with negligible side products and was 

confirmed by HPLC and TOF-MS spectrometries. The fact that in this reaction system， 
carbon carbenes :C were the only chemically active species which were known to jump into 

CC bonds spontaneously and fullerene C70 has been formed without occurrence of side 
reactions， implies the carbon insertion reactions should have occurred without c1eavage of the 
C60 structure. That is， insertions of ten carbon atoms :C into the CC bonds in the C60 cage 
followed by annealing and arrangements have formed fullerene C70 (Figure). 

There are many experimental evidences supporting the formation mechanism of 

fullerene C70 from C60 mentioned above. In the reaction of fullerene C60 with carbon， 
abundance mass spectra of C60Cq + c1usters show that there is no preference for c1usters 
containing an even number of carbon atoms in such experimental conditions that carbon 
atoms are softly attached to a C60， however， the photofragmentation of C60Cq + c1usters 
displays fragmentation sequences similar to what is observed in experiments on “ordinary" 
C60+/ fullerenes such as much more intense fragments for C60+ C62+， and C70+ [3]. Reaction of 
c十 withC60 shows that 13C+ projectile with no activation energy undergoes exchange with C 
atoms in the target of the C60 cage [4]. Photolysis of diazomethane adduct of C60 afforded the 

C61H2 cyclopropanes and annulenes indicating the :CH2 insertion into the C=C and C-C 
bondラrespectively[5]. 

倫
槻

[1] K.D. Bayes， J. Am. Chem. Soc.， 84，4077-4080 (1962); T. Ogata et a1.， Chem. Lett. 1985， 1797ぺ798;T. Ogata 
et al.， J. Am. Chem. Soc.， 109， 7639開7641(1987); T. Ogata et al.， J. Phys. Chem.， 96， 2089-2091 (1992). 
[2] T. Ogata， Y. Ohshima， Y. Endo. J. Am. Chem. Sos.， 117，3593・3598(1995); Y. Ohshima， Y. Endo， T. Ogata. 
J. Chem. Phys.， 102， 1493・1500(1995). 
[3] M. Pellarin et al.， J. Chem. Phys.， 117， 3088・3097(2002). 
[4] J.F. Christian， Z Wan， and S.L. Anderson， J. Phys. Chem.， 96， 3574・3576(1992). 
[5] A.B. Smith III et al.， J. Am. Chem. Soc.， 117， 5492・5502(1995). 

Corresponding Author: Teruhiko Ogata Tel&Fax:十81-54-238-8529 E-mail: sctogat@ipc.shizuoka.ac.j 

-206-



3P-29 

Sructural study of Sc2C84(II) 

OKoji Nakajima
1
， Yuko liduka1， Takatsugu Wakahara1， Takahiro Tsuchiya

1
， Yutaka Maeda

2
， 

Takeshi Akasaka 1，¥Naomi Mizorogi3
ラ
ShigeruNagase3 

J Center for Tsukuba Advanced Research Alliance， University ofTsukuba， 2 Department of 

ChemistηJ，おかoGakugei Universi帆 3Department ofTheoretical and Computational 
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Endohedral metallofullerenes have attracted special attention as new spherical molecules 

with unique properties unexpected from empty fullerenes. Among them， scandium 

metallofullerenes are of special interest because of their high variety in fullerene size. 

SC2C84 isomers(I， II and III) have been known as one of most abundant scandium fullerenes. 

Their structures have been ever widely believed to have the form of SC2@C84 on the results of 

13C NMR spectral determination and powder X-ray diffraction analysis.[1，2] Interestingly， 

recent investigations by 13C NMR spectral determination[3]， single crystal[4] and powder X畑

ray diffraction analyses[ 5] reveal that one of three isomers， SC2C84(III)， is a scandium carbide回

encapsulated metal1ofullerene， SC2C2@CS2・

Herein， we present that the structure of SC2Cs4(II) is also not SC2@CS4 but SC2C2@C82， 

which has a CS2(C2v) cage， by means of the 13C NMR spectral analysis. We successfully 

synthesized adamantylidene derivative of Sc2C2@C82(II) for single crystal X幽rayanalysis， 

which was characterized by MALDI-TOF mass， UV幽VlS-トURabsorbtion， CV and 13C NMR 

spectroscopic analyses. 

[1] lnakuma， M. et. al.， J. Phys. Chem. B 2000， 104， 5072-5077. 
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Endohedral fullerene is a new type of carbon cluster that contains one or more atoms inside 

the hollow fullerene cage. Especially， endohedral metallofullerenes have attracted broad 

attention because of their novel properties due to the intramolecular interaction between the 

metal atom and the fullerene cage.1 New electronic properties， such as the low oxidation and 

reduction potentials， induced by the interaction would allow new application of fullerenes. 

Reversible addition reaction2 is one of the useful methods for separation of empty fullerenes3 

and protection of their reactive sites.4 Recently， we have reported the reversible and 

regioselective addition reaction of La@C82 with cyclopentadiene (Cp)， in which the kinetic 

parameters for the retro-reaction of La@C82Cp were determined.
5 This retro-reaction 

proceeds much faster than that of C60Cp. In this context， it is important to retard the retro-

reaction of La@C82Cp. It has been reported that an adduct of C60 with 

pentamethylcyclopentadiene (Cp*) is less prone to undergo the retro-reaction than C60Cp.6 

Herein， we report the reversible addition reaction of La@C82 with Cp* and the stability of its 

adduct. 

8+す
Cp脅
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Many works related to the properties of a nitrogen atom encapsulated fullerene C60 
(N@C60) are reported [1， 2]， but the synthesis with high yield and high purity ofN@C60 has 
not yet been realized. Although N@C60 has been produced by several plasma methods， the 
yield ofN@C60 is extremely low (N@C60/C60 = 10ーに 10-2 %). The pu中oseof this research is 

to elucidate a formation mechanism of N@C60 in order to improve the yield using a radio 
frequency (RF) discharge plasma. In this studyラthehigh purity of 0.02 -0.05 % is achieved 

for N@C60， which is the highest value compared to that has ever been reported. 
The nitrogen plasma is generated by applying an RF power with a frequency of 13.56 

MHz to a spiral-shaped RF antenna and is controlled by the applied power， a nitrogen gas 
pressure， a substrate potential Vsub and a potential Vg of a mesh grid (20 meshes/cm) with a 
supporting rod， which is set up in the area between the RF antenna and the substrate [3]. C60 is 
sublimated from an oven and deposited on the water問cooledcylindrical substrate. The 

nitrogen plasma is continuously irradiated to C60 on the substrate. The C60 compound 

induding N@C60 deposited on the substrate is 

analyzed by electron spin resonance (ESR) and 
UV-vis absorption spectroscopy to calculate the 

purity (N@C60/C60). ~ 
Figure 1 shows a dependence of the purity of 己

N@C60 on the optical emlSSlOn intensity of 

nitrogen molecule radicals N/ normalized by that 
of nitrogen molecule ions N2 + (N2 *尽.J2+)， which is 
estimated according to the s仕ongestpeaks at 
337.13 nm (N2*) and 391.44 nm (N/) observed in 
the nitrogen plasma. It is found that the plasma 
with low N2*乃.J2+ can synthesize the high purity 

N@C60・Itis expected that the decrease in N2 * /N2
十

means the increase in nitrogen atom radicals N* or 

nitrogen atom ions N+， which could enhance the 
synthesis ofN@C60・However，the optical emission 
peaks of N* and N+ are not observed in this 

experiment. Another possible reason is that the 
reduction of an emitted ultraviolet 企omN2* 

suppresses the destruction ofN@C60・
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[1] M. Waiblinger et al.， Phys. Rev. B， 64，159901 (2001). 
[2] S. C. Benjamin et al.， J. Phys.: Condens. Matter， 18， S867 (2006). 
[3] S.Nishigaki et al.， Abstract ofthe 32nd Fullerene-Nanotubes General Synposium， 155 (2007). 
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Ultrasonication Induced Structural Change of SWNTs Dispersed 

in the CMC Aqueous Solution. 

oShigekazu Ohmori1， Takeshi Saito1，ヘ SatoshiOhshima1， Motoo Yumura1 

1.3 and Sumio Iijimal， 

I Reseorch centerahrAdvancedCαrbon Materials， NationalInstitute 01 Advanced Industrial 
Science and Technology (AIS刀，Ibaraki305-8565 Japan 

2pRESTO， Japan Science and Technology Agency， Kawaguchi 332-0012， Japan 

3Depαrtment of Materials Science αnd Engineering， 21st century COE (Nanofactory)， Meijo University， 

Nagoya 468-8502， Japan 

Recently， it would come easy to get high quality SWNTs because of the research 

progress in the synthesis method， such as direct injection pyrolytic synthesis (DIPS)[l] and 

super-growth[2] methods. The high purity of these SWNTs can applied them to various uses 

without further purification. As the next step， SWNT should be capable to perform a liquid 

process on a large scale from the viewpoint of the industrial application. Many researchers try 

to disperse SWNT into solution and some polymers such as sodium carboxymethylcellulose 

(CMC) have excellent performance as the surfactant in dispersing SWNTs in water by 

ultrasonication. Although ultrasonication is veηT useful method for the preparation of the 

SWNT dispersion， it is reported that the ultrasonication induces damages to the molecular 

structure of SWNT[3]. In additionラ Koshioet. al. reported that SWNT degeneration is 

enhanced by using polymer solution[4]. This problem will become important when the liquid 

process for the application of SWNTs is evolved. 

Here we examined ultrasonication effect ofthe CMC solution dispersed SWNTs with 

cross flow filtration. Structural changes of the retentated and permeated SWNTs observed by 

the atomic force microscopy (AFM) will be discussed in detail. 

References 

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

[2] K. Hata， et al.， Science， 306， 1362 (2004) 

[3] K. B. Sh巴limov，et. al. Chem. Phys. Lett.， 282， 429 (1998) 

[4] A. Koshio， et. al.， Chem. Phys. Lett.， 341，461 (2001) 
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Growth Window and Possible Mechanism 

of九iillimeter，醐ThickSingle-Walled Carbon Nanotube Forests 

Kei HasegawaJ， Suguru NodalぅHisashiS ugime 
1
， Kazunori Kakehi 

1
， 

Zhengyi Zhang2ヲShigeoMaruyama
2 and Yukio Yamaguchi 1 

1 Dept. 01 Chemical System Engineering， The University 01あわ叫おか0113-865丘Japan

2 Dept. of Mechanical Engineering， The University 01おわ叫おか0113-865丘Japan

The water-assisted growth method， so-called "supergrowth"， has an outstanding growth 

rate of single-walled carbon nanotubes (S¥¥明Ts)[1]. However， few research groups have 

succeeded in reproducing it and underlying mechanism of the growth rate enhancement is 

unclear. We recently reproduced the "supergrowth" by a parametric study on both reaction and 

catalyst conditions [2]. In this work， we report in detail the effect ofthe conditions determined， 

and discuss the novel mechanism essential for rapid growth of SWNTs. 

Our standard condition is 8.0 kPa C2H4， 27 kPa H2， 0.010 kPa H20， 67 kPa Ar at 1093 

K for 10 min. Figure 1 a shows the nanotube sample grown by the combinator泊1catalyst 

library [3] of 0.2-3-nm Fe on Ah03/Si02. 0.5-nm-thick Fe grew SWNTs with diameter around 

4 nm as shown in Fig. l(b)， and thicker Fe grew thicker nanぽubes.Nanotube forests grew up 

to millimeter and sub-mil1imeter thicknesses for Fe and Co catalyst， respectively， only when 

supported on Ah03 layer. When catalysts were supported on Si02， the thickness of nanotube 

films was as small as sub-micrometers. The window for the rapid SWNT growth was narrow. 

Optimum addition ofH20 (0.010 kPa equals 100 ppmv) increased the SWNT growth rate but 

further addition ofH20 degraded both the SWNT growth rate and quality. Addition ofH2 was 

also essential for rapid SWNT growth， but again， further addition decreased the SWトH

growth rate. Because Ah03 catalyzes hydrocarbon reforming， Ah03 possibly enhances the 

SWNT growth rate by dissociating and supplying the carbon species to the catalyst particles. 

The origin ofthe narrow window for rapid SWNT growth wi1l also be discussed. 

0.5 0.8 1.0 
Fe thickness / nm 

廻腰弱績震混守主後設議議議議察愛護禁容災

Fig. 1 (a) Photograph ofFe/A1203 combinatorial catalyst library after CVD under the standard 

condition. (b) TEM image of筋肉grownSWNTs at 0.5-nm時thickFe under the same condition. 

[1] K. Hata， et al.， Science， 306， 1362 (2004). [2] S. Noda， et al.，やn.J. Appl. Phys.， 46ラL399(2007). [3] S. 

Noda et al.， Carbon， 44， 1414 (2006). 
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Growth Mechanism of Horizontally-Aligned SWNTs on Sapphire Surface 
Studied with Patterned Catalyst 

o Hiroki Ago，恥1，2Naoki Ishigami，2 Ryota Ohdo，2 Masaharu Ts可iJ，2
Tatsuya Ikuta，3 and Koji Takahashi3 

1Institute戸rMateriαls Chemistry and Engineering， Kyushu University， Fukuoka 816-8580 
LGraduate School of Engineering Sciences，めJushuUniversiか~ Fukuokα816明8580
LGraduαte School ofEngineering， Kyushu University， Fukuoka 819-0395 

Electronic applications of single-walled carbon nanotubes (S¥¥市Hs)require a large-scale 

integration of nanotubes with a controlled electronic structure on a flat substrate. We have 

studied this position-and direction-controlled growth of SWNTs on a sapphire subs仕ate，

because sapphire surfaces offer the horizontally-aligned growth of SWNTs in a 

self-assembled manner [1]. In this study， we show the pattemed growth of SWNTs and 

their Raman mapping analyses. 

The pattems of Fe-based catalyst were prepared on the surface of R-plane sapphire with 

an aid of electron-beam lithography. The sapphire substrate with the pattemed Fe catalyst 

was subjected to chemical vapor deposition (CVD) in a mixed flow of CH4/H2剖 900
0
C.

Fig. 1 shows a SEM image of aligned SWNTs grown from the pattemed catalyst. The 

catalyst patteming was found to give better alignment than those grown on the uniformly 

deposited catalyst. This is because the un-pattemed area of the sapphire was kept clean 

without contamination with the catalyst. In addition， a number of SWNTs with length over 

100μm were found on the pattemed substrate. We performed the Raman mapping analysis 

by selectively positioning the focus to the pattemed area (Fig. 2). Long SWNTs were 

clearly observed by the Raman mapping， which should be useful for the study of the nanotube 

growth mechanism as well as their characterization. At the symposium， we will also show 

our recent study of the growth mechanism using this Raman mapping technique. 
轟轟
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Fig. 1 (left) SEM image of 
highly-aligned SWNTs grown from the 
pattemed Fe-based catalyst. 

Fig. 2 (right) Mapping of the Raman 
G-band intensity (1592 cm-1) measured 
for the pattemed array of SWNTs (514.5 
nm excitation) 
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First-principle Molecular dynamics study on initial stage of CNT formation 

from 3C-SiC (111) surface 

oHiroki Moriwake1， Tsukasa Hirayama1 and Michiko Kusunoki2 

1 Nanostructures Resωrch LaboratoηJapan Fine Ceramics Center， Nagoya 456-8587， Japan 

2 Department 01 Chemistη， Nagoya Universiか，Nagoya 464-8602， Japan 

SiC surface decomposition method is one of the success白1method for carbon 

nano-tube (CNT) production[1]. In this method， C-cap structure formation was thought to be 
critical1y important process. However its detail mechanism is far企omful1y understanding. In 
this study， the initial stage of CNT formation form 3C-SiC (111) sur白ce(It is equivalent to 
6H-SiC (0001) surface.) was studied by First-principle molecular dynamics(FP-MD). 
Theoretical calculations were performed with projector augmented wave (PAW) methods 
based on the density functional theory (DFT). FP-MD simulations were performed using 9 
layers SiC C-surface slab model (containing 81 C atoms)with 10A vacuum layer. To exclude 
the inf1uence of complicated Si removable process form SiC surface by oxidization of Si， in 
the FP-MD simulation all Si atoms were deleted企omour slab models. In stead of Si atoms， 
the position of bonded C atoms which located at sur白ceand inside ofbulk were fixed. Only 
the top layer (unbonded) C atoms were moved企eelyby FP-MD simulations. MD 
simulations were performed layer by layer manner (i.e. At First， only first layer atoms were 
moved， after that， as well as日rstlayer atoms， second layer atoms were moved. Finally， all 
atoms except bottom layer were moved) for modeling layer by layer reaction at SiC sur白ce瓜
temperature of 2000K and 5000K. The simulation duration for one layer of O.2psec 
(200MD step) were chosen by energy and structure convergence. In the MD simulationラC-C
bondings are easily formed. They are平(lenier)
and平2(plain)bondings. No si(tetrahedoron) 

bondings are formed. After 8 consecutive layer 
by layer MD simulations (1.6psec 1600MD step) 
at 2000K， C-cap like structure is formed. Its 
formation process is described as follows. Firstly， 
at early stage of layer by layer reaction， arch like 
structure (both end of the C-C chain were 

bonded at sur白ce C atoms) is formed. 
Secondly， additional C atoms are captured by 
this arch structure and form additional blanches. 

Finally， C-cap like structure are formed. Our 

/ 

F 

FP-MD simulation may use a simplified model. Fig. 1 Obtained C-cap like structure by 1.6ps layer 
However， our theoretical result can provid by layer First-principle Molecular dynamics of 
with important insight of the microscopic 
mechanism ofthe initial stage ofCNT formation SiC(1l1) surface at 2000 K 

企omSiC surface. 

[1] M. KusunokiラT.Suzuki， T. Hirayama and N. Shibata: App1. Phys.Lett.， 77，531-533(2000). 
Corresponding Author: Hiroki Moriwake 
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Design of Carbon-MgB2 Heter・o・Double-WalledNanotube 

o Susumu Saito 

Department ofPhysics， Tokyo Institute ofTechnology 

2-12-1 Oh-okayama， Meguro-ku，あわ/0152-8551

Since the discovery of so-called peapod， i.e.， the carbon nanotube 

encapsulating C60 fullerenes， many kinds of fullerenes， metallofullerenes， molecules， 

and atoms have been successfully incorporated in the one-dimensional inner space of 

carbon nanotubes. In the case of water molecules， it has been confirmed that they form 

one-dimensional crystalline phases which are different from any known “ice phase" in 

the three-dimensional space. These new materials c1early indicate that there must be 

many interesting new crystalline phases to be realized inside the carbon nanotubes in 

the fu旬re.Previously， we studied the energetics and the electronic structure of the 

MgB2 nanotube， and found that it possesses not only πbut also σstates at the Fermi 

level as in the case of bulk superconducting phase [1]. In t由hiおswork 1 design the 

he悶et旬ero-double

nanotube. 

In the case of the MgB2-carbon hetero-multi-walled nanotube with the infinite 

radius， i.e.， the altemating stacking flat layers of MgB2 and graphene， it has been 

confirmed that a sizable amount of valence electrons moves from MgB2 layer to 

graphene layer [2]. This result is of high interest because the hole doping into bulk 

MgB2 is expected to raise its already high superconducting transition temperat町 ewhile 

the substitutional doping to realize hole doping has been very difficult. In the talk 1 will 

discuss the energetics and the electronic structure of rather small-diameter 

hetero-nanotube in the企ameworkof the density functional theory. 

References: 

[1] S. Saito， S. G. Louie， and M. L. Cohen， J. Phys. Soc. Jpn. 76， 043707 (2007). 

[2] P. Zhang， S. Saito， S. G. Louie， and M. L. Cohen， to be published. 
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Optical Bandgap Modulation of Single-Walled Carbon N anotubes by 
Encapsulated Fullerenes 

oToshiya Okazaki1， Shingo Okubo1， Takeshi Nakanishit， Takeshi Saitol，孔1inoruOtane， 
Susurnu Okada3

ラ
ShuniiBandow4 and Surnio I討irna1，4

1 Research Center for Advanced Cαrbon Materiαls， AIST， Tsukubα305開8565，Japan 

32Institutejbr solidstote Physics，UF1iversiO74Toか0，Kashiwa 277-8581， Japan 
Institute of Physics and Center for Computationα1 Sciences， University of Tsukuba， Tsukuba 

305-8577， Japan， and CREST， JST， Kaw.α'guchi 332-0012， ~αrpan 
4 Department of Materials Science and Engineering， 21st centwアCOE(Nanザactory)，Meijo 

University， Ncα'goya 468醐8502，~αrpan

Single-walled carbon nanotubes (SV.明Ts)have been expected as building blocks for future 
rnolecular electronics because of their unique electronic and rnechanical properties [1]. 
Advantageouslうん the local electronic band gap of SWNTs can be tuned by incorporating 

fullerene rnolecules， which resu1ts in nanorneter-scale structured rnaterials containing rnultiple 
quanturn dots with length of ~ 10 nrn [2， 3]. Although it provides possible design rules for 

proposing hybrid structures having a specific type of electronic functionality，社 isyet unc1ear 
frorn either the experirnental or theoretical point of view what is the e百ectof encapsulated 

fullerene rnolecules on the band gap rnodulations ofS¥¥明Ts.
We here report systernatic studies on the optical band gap rnodulation of C60 

encapsulating SWNTs， so-called nanopeapods， by using two-dirnensional (2D) PL 
excitationlernission rnapping rnethod [4]. Figure 1 shows 2D PL contour plots ofthe unfilled 

SWNTs (le立)and C60 nanopeapods (right) as a function of ernlSSlon and excitation 
wavelengths. It is clearly seen that overall features of PL behavior of SWNTs drastically 
change upon fullerene encapsulations. Detailed rnechanisrn of band gap rnodulation will be 
discussed based on the tube diarneter and the chirality dependences of the spectral shifts. 
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Magnetically and Fluorescently Visualized Nanodiamond 

o Naoki Komatsu/ Masahito Morita，2，3 Tatsuya Takimoto，l Takahide Kimura，1 and 
Toshiro Inubushi2 

1 Department 01 ChemistIア，Shiga University 01 Medical Science， Seta， Otsu 520-2192. 
2 Biomedical MR Science Center， Shiga Universiか01Medical Science， Setaタ Otsu520-2192. 
3 P RESTO， JST 

Although quantum dots and carbon nanotubes have been developed as promlsmg 

fluorescent probes in modern biotechnologyラ theyalways have considerable concerns about 

cytotoxicity and photobleaching. Quite recently， however， proton-implanted nanodiamond 

(ND) powder has been reported to be successfully employed as a fluorescent probe with no 

photobleaching and low cytotoxicity [1]. This clearly shows the potential of ND powder as a 

molecular imaging agent. ln continuation of our effort to develop a multi-modal imaging 

probe， we found that powdered ND exhibits NMR signals in a solution phase [2]， a clear 

contrast on MR imaging [3] and fluorescence emitted from the tag on the surface [3]. 

The solution phase 13C NMR spectrum of ND is shown in Fig. 1. Such a decent spectrum 

was obtained after overnight accumulation， because 

ND has very short relaxation time (T1 = 0.3 s) in the 

aqueous solution. A sharp contrast on MR imaging is 

shown in the presence or absence of ND in Fig. 2. 

These results are attributed to the presence of 

paramagnetic metals and/or defects in ND. In 
Fig. 1 13C NMR ofND in water. 

addition， fluorescent tag was covalently bonded on 

the surface ofNDラmakingthe ND to be fluorescently visualized 
1% agarose 
withoutND 

This work was supported by Industrial Technology Research 

Grant Program in 2005 from New Energy and lndustrial 

Technology Development Organization (NEDO) of Japan. 
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Preparation and microstructural Observation of SiC nanotubes and SiC 

Composite N anotubes; C-SiC， SiC-Si02 and C-SiC-Si02 Coaxial N anotubes 

OTomitsugu Taguchi， Naoki Igawa， Hiroyuki Yamamoto and Shinichi Shamoto 

Quantum Beam Science Directorate， Japan Atomic Energy Agency， Tokai， lbaraki 319-1195， 

Japan 

Since the discovery of carbon nanotubes (CNTs) in 1991， significant number of researches 
has reported about the synthesis of many nanomaterials from carbon nanotubes as the 
template materials. Silicon carbide (SiC) is one of the most important semiconductor 
materials and offers exciting opportunities in electronic devices for high temperature， high 
power and high企equencyapplications in an aggressive environment. On the other hand， Si02 
is expected to be excellent insulator in the application of electronic devices. Furthermore， the 
syntheses of 1-D heterostructures with some compositions and interfaces have been of 
particular interest with respect to potential applications. The objective in this study is， 
therefore， to synthesize the SiC nanotubes and SiC composite nantoubes with 
heterostructures. 
Carbon nanotubes as the template materials and Si powder were used. Both carbon 
nanotubes on the graphitic foil and Si powder were put in BN crucible. The Si powder did not 
contact directly with CNTs. The crucible was heated at 1100 to 1450 oC in a vacuum of 
around 5 x 10-4 Pa for 1 to 100 h. These reacted nanotubes were heated at 1300 oC in a 
vacuum of around 10 Pa for 5 to 10 h in order to sheathe with Si02 on the surface of SiC 
nanotubes. 
The reacted CNTs at 1450 oC for lh altered to the SiC nanowires， which were made ofthe 
catenated SiC grains of 50-200 nm in diameter. A few single-phase SiC nantoubes and many 
C-SiC coaxial nanotubes were synthesized at 1200 oC for 100 h. More than half number of 
nanotubes reacted at 1200 oC for 100 h were altered to single-phase SiC nantoubes by heat 
treatment of600 oC for lh in air since the remained carbon was removed [1]. The C-SiC-Si02 
and SiC-Si02 coaxial nanotubes were synthesized by heating the C-SiC and SiC nanotubes at 
1300 oC for 5 h in a low vacuum (Fig.l). On the other hand， almost all of the C同SiCand SiC 
nanotubes were altered to Si02 nanotubes by heating at 1300

0C for 10 h in a low vacuum. 

(a) (b) 

Fig.l TEM microphotographs of(a) C-SiC-Si02 and (b) SiC-Si02 coaxial nanotubes. 

[1] T. Taguchi， N. Igawa， H. Yamamoto， S. Shamoto， S. Jitsukawa， Physica E， 28 (2005) 431. 
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Growth Temperature Influence on Vertically Aligned Carbon N anofibers 
Containing Conical Cavity Array 

OYuta Tango， Akira KoshioラKentaroSuzuki， Takayuki Yamasaki， and Fumio Kokai 

Division o[ Chemistry [or Materials， Graduate School o[ Engineering， Mie University， 
1577 Kurimamachiya-cho， Tsu， Mie 514-8507， Japan 

We previously reported that CNFs containing a conical cavity aηay were formed by alcohol CVD 

using indium tin oxide (ITO) and Fe as the metal catalysts. We named these CNFs with this unique 

structure“conical-cavity CNFs (CC-CNFs)". In this study we succeeded in growing the vertically 

aligned CC-CNFs on a substrate by using precisely temperature-controlled CVD. We discuss what 

influence the growth temperature had upon the degree of vertical alignment and their inner structures. 

A substrate was prepared by using the electrically controlled spray method. Ethanol solutions of 

InCb， SnCbラ andFeCh were used as catalysts and were sprayed on a Si plate maintained at 4000C 

followed by heating at 6400C for 30 min. in an Ar atmosphere. The CVD growth of the CNFs was 

carried out at 860-1000oC for 30 min. at a vapor pressure of ethano1 containing a small amount of CS2 
1ll a vacuum. 

A typica1 CC幽CNFformed after the CVD growth had a diameter of about 300 nm and an array of 

periodic conica1 cavities on the inside (Fig. 1). Fi♂lre 2 shows typica1 SEM images of CC-CNFs 

grown at 860-1000oC. 

The CC-CNFs cannot grow at 8600C or 1ess. We confirmed that 

vertically quasi-aligned CC同CNFswere formed at more than 

870oC， and that vertically well-a1igned CC-CNFs grew on the 
substrate at 920oC. Tangled CNFs (not vertically a1igned) were 

formed at 1000oC. The SEM observation and precisely 

temperature-controlled CVD revea1ed the existence of two 

important critical tempera加resand the narrow temperature range 

for the vertically well-aligned growth of the CC-CNFs. In 

addition， we investigated the relationship between the growth 

temperature and the inner structure by using TEM observations. 

500 nm 

Fig.1 TEM image of CC-CNF 

Fig. 2 Typical SEM images of CC田CNFsformed on substrate after CVD growth at 870-1000oC. 

References: [1] A. Koshio et al.， The 3Ft Fullerene-Nanotube General Symposium，1-18. 
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Preparation and properties of rubber filled with radial single-walled 

carbon nanotubes 
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The nanotube-filler used in the rubber applications is required to be easy to disperse 

in polymer [1，2]. The radial single-walled carbon nanotubes (radial SWCNTs) [3] with 

1.5-2.0 nm in diameter and 50-100 nm in length are grown radially around the core metal 

particles， which are more easily dispersed in polymer than the semi-finite long SWCNTs. 

Here， we report the preparation of radial SWCNTs reinforced styrene-butadiene rubber 

(SBR) and investigate their properties. 

Ten weight percent of radial SWCNTs was blended with SBR to examine their effect 

on mechanical properties of the resulting composite， through the comparison with carbon 

black N339 (ASTM) as references. Radial SWCNTs resulted in an extraordinary hardness and 

low coefficient ofrepulsion， compared with N339. From microscopic surface analysis， the 

low dispersion of radial SWCNTs in the rubber matrix brought about lower fracture 

elongation and fr印刷restrength as well as high hardness and low coefficient of repulsion. 

[1] L. Valentini， J. Biagiotti， J. M. Kenny and M. A. Lopez Manchadoうよ Appl.Polym. Sci.， 89， 2657 (2003). 

[2] M. A. Lopez Manchado， J. Biagiotti， L. Valentini and J. M. Kenny， J. Appl. Polym. Sci.， 92， 3394 (2004). 

[3] Y. Sato， B. Jeyadevan， R. Hatakeyama， A. Kasuya， K. Tohji， Phys. Chem. Lett.， 385， 323 (2004). 
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Stability of DNA-dissolved Carbon Nanotubes Separated by Size-Exclusion 

Chromatography 

oYuichi Noguchi， Tsuyohiko Fujigaya， Yasuro Niidome， Naotoshi Nakashima 

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

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

We have already reported that double-stranded DNAs (ds-DNA) and RNAs are able 

SWNTs in water1，2). Water solutions of ds-DNA/SWNTs were prepared by 

sonication with a bath type ultrasonifier at a temperature below 10 oc， and subsequent 

centrifugation at 60000 X g. Here， we examined high-resolution length sorting and stabi1ity of 

ds-DNA-wrapped carbon nanotubes by size-exc1usion chromatography， which was recently 

developed. This system was found to separate ds-DNA/SWNTs and仕eeds-DNA. The result 

is shown in Figure1. Furthermore， ds-DNA/SWNTs were separated into several fractions with 

very narrow length distribution， as confirmed directly by atomic force microscopy. The 

stability of ds-DNA/SWNTs was evaluated by re-injection of fractionated ds-DNA/SWNTs 

into size-exc1usion chromatography. Details wi1l be reported at the meeting. 
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Preparation of Carbon N anotwist Paste 

for Printing-Type Field Emitter 

OY. Hosokawaa， M. Yokotaa， H. Takikawaa， S. Itohb， T. Yamaurab， 
K. MiuraC， K. Yoshikawac， and T. Inad 

a Department of Electrical and Electronic Engineering， 

bTbyohGshi UnivemiかofTechnology.
Product Development Center， Futaba Corporation. 
C Fuji Research Laboratory， Tokai Carbon Co.， Ltd. 

d Fundcαmental Research Department， Toho Gas Co・，Ltd. 

Carbon nanotwist (CNTw) is one of fibri1liform carbon nanomateria1s with he1ica1 shape [1]. We have 

been reported the technique to synthesize CNTw in powder form with specia1 b1end cata1yst [2] and this has 

promised to realize the mass production. However， the previous powdery CNTw included approximate1y 

30% of cata1yst. The contents of cata1yst shou1d be decreased. In the present study， first， amount of 

powdery CNTw production increased about 6 times compared with the case in the 1ast report and ratio of 

cata1yst content reduced 1ess than 8% by improvement of cata1yst application technique onto the substrate. 

Furthermore， by adding the third kind cata1yst， amount of CNTw production increased by about 10 times， 

and ratio of cata1yst content reduced 1ess than 3 %. As a result， 1arger amount of powdery CNTw production 

with 10wer cost was achieved. On the other hand， methods of pasting and printing CNTw on the substrate 

for fie1d emitter have been developing. In this time， squeegee-printing method was emp10yed. In the initia1 

tη， it was found that there were many aggregate site on the printed CNTw， due to the as-grown powdery 

CNTw. Thus the as-grown CNTw was mi1led by homogenizer. As a result of， the aggregate size became 

small and emission characteristics became better. 

This work was partly supported by the Excellent Research Project of the Research Center for Future Technology， the 

Research Project of the Venture Business Laboratory， and the Research Project of Research Center for Futur巴Vehicle，

Toyohashi University of Technology; and JSPS Core University Program (JSPS-KOSEF in the field of “R&D of Advanced 

Semiconductor" and JSPS-CAS program in the field of“Plasma and Nuclear Fusion". 

Fig. 1. SEM micrograph of CNTw synthesized in 
powder form. 

References: 

Fig. 2. Surface morpho10gy of printed CNTw 
emitter; (a) as-grown CNTw and (b) after mi1ling. 
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N anostructure Analysis of Carbon N anowalls 

OKen-ichi Kobayashi a)ラMakotoTanimura a)ラHiroshiNakai b¥ Akihiko Yoshimura b)， 
Hirofumi Yoshimura c)， Kenichi Kojima c) and Masaru Tachibana c) 

a) Research Department， NISSAN ARC， LTD.ラ1Natsushima-cho， Yokosuka 237-0061， Japan 

b) Ishikawajima-Harima Heavy Industries Co.， Ltd.， 1 Shin-Nakahara-cho， Isogo-ku， Yokohama 235・8501ヲJapan

c) Graduate School ofLiberal Arts and Science， Yokohama City Univ巴rsity，22-2 Seto， Kanazawa-ku， Yokohama 

236欄0027，Japan

A new type of carbon materials， so called carbon 
nanowalls (CNWs)， has been found by Wu et al [1]. 

Figure 1 displays two secondary electron images of the 

CNW s grown on the quartz substrate， which were 

obtained by scanning electron microscopy. CNW s are 

shaped as very thin films， the average width of which is 

distributed in the range of 10 to 50 nm. It is reported that 

this two-dimensional character of CNW s originates 

企omthe stacking of several graphite sheets along the 

[0001] direction of the graphite structure. That is， 

CNWs belong to the group of graphite-based carbon 

materials. According to our previous report， CNWs are 

characterized by a high degree of graphitization in spite 

of the very small average size of the graphite regions [2]. 

This characteristic of CNW s greatly differs 仕omthat of 

ordinary graphite-based carbon materials. 

In this work， in order to understand this difference， 

the nanostructure features of CNW s were examined by 

transmission electron microscopy. Our detailed analysis 

revealed that numerous graphite regions with an average 

size of about 20 nm， namely “nano-graphite domainsヘ
were formed in the CNWs. The formation of these 

regions originates from the introduction of lattice 

defects such as dislocations and the slight rotation of the 

graphite sheets. On this basis， it is conc1uded that the 

nano-graphite domains are the constitutional units， the 

Fig.l Secondary electron images 

of the CNW s grown on a quartz 

substrate as seen in (a) a 

cross-sectional view and (b) a 

top Vlew. 

features of which would have an influence on the physical properties of the CNW s. The 

details of the experimental results and a nanostructure model of the CNW s wi1l be presented. 
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Atomistic structural dynamics of carbon atomic wires by 

TEl¥ιSTM combined microscopy 

o Koji Asaka， Kensuke Okumura， Hitoshi N akahara and Yahachi Saito 

Depαrtment 01 Quantum Engineering.， NagoyαUniversi帆 Furo-cho，
Nagoya 464-8603， Jap仰

We manipulated tips of two carbon nanotube bundles inside a transmission electron 
microscope and prepared carbon atomic wires supported by the two tips at the edges. The 
lattice imaging of structural dynamics was performed simultaneously with the electric 
conductance measurement. The transmission electron 
microscope was operated at an acceleration voltage of 120 
kV The lattice images were recorded at a time resolution of 
40 ms. The variations in electric conductance were 
measured by the two-terminal method at room temperature. 

Figures (a)-(c) show time-sequential high-resolution 

images of formation of a carbon atomic wire during tip 

manipulation. The left-hand and right-hand side regions (A) 

and (B) in Fig. (a) are tips of carbon nanotubes. The bright 

regions are the vacuum. The tip A is brought into contact 

with the tip B. The diameter of the nanotube of the tip B is 

4.3 nm， and the nanotube is composed of walls with three 

atomic layers. The spacing of the atomic layers is 0.3阻止

equivalent to the inter1ayer spacing of graphite. When the 

tip A is retracted along the direction indicated by the arrow 

in Fig. (a) at an applied bias voltage of 0.8 V， the tip A is 

separated from the tip B and a carbon wire with a thickness 

of approximately 0.1 nm is formed between the two tipsラas

indicated by the arrow in Fig. (b). The thickness 

corresponds to a monatomic scale. The differential 

conductance decreased from 0.2 00 (Fig. (a)) to 0.02 00 (Fig. 

(b))， where 00 = 2i / h is the conductance quantum (e is the 

electron chargeラ his Planck's constant). We assumed that 

the thickness of the wire is an atomic diameter of carbon， 

0.15 nm， and estimated the current density of the wire to be 

2 X 1013 A/m2. Finally， during the subsequent retraction， the 

monatomic carbon wire completely separates丘omthe tip A 

and remains on the surface of the tip B as shown by the 

arrow in Fig. (c). 
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Carbon N anotube/Polyimide Composites 

OTsuyohiko Fujigaya， Minoru Okamoto， Ryosuke Tomokiyo， and Naotoshi Nakashima 

Department 01 Applied Chemistry， Graduate School 01 Engineering，局側huUniversiか，

Fukuo此G，Japan 

Polymer composite materials are studied extensively and used widely in our industry 
due to their higher performance compared to original polymers. Carbon nanotubes (CNT) are 
considered as ideal filler materials because they possess extremely high mechanical strength， 
electric conductivity， thermal conductivity， and aspect ratio. Polyimide is one of the 
compounds which are most widely used in industry by taking advantage of the high thermal 
and chemical stability. 
We have reported that total aromatic polyimide act as an excellent solubilizer for 

SWNT. 1 Of interest， in high concentration， solution form stable gel. Furthermore， SWNT are 
dispersed even in the solid state. Thus， we have successfully developed novel composite film 
for optical application.2 Here we investigate the fabrication method and the basic properties of 
Kapton/CNT polymer composite. Among polyimide family， Kapton is most typically utilized 
especially for electronics. Single-walled carbon nanotube (S¥¥市H)is dispersed in the 
N-methylpyrroridinone (NMP) and polycondensation reaction of 4，4' -diaminodiphenyl ether 
(ODA) and 1，2，4，5-benzentetracarboxylic acid dianhydride (PMDA) are carried out with the 
mixture ofNMP containing dispersed SWNT. Obtained poly(amic acid) solution， precursor of 
the polyimideラarecast on the glass plate and dried in stepwise in vacuum with heating. It is 
found that SWNT are well dispersed in the resulting Kapton/SWNT composite film without 
any sign of aggregation even under optical microscopy observation. Mechanical properties of 
the composite film were examined and found that the Young modulus of the composite film 
(1.35 GPa) are increased compared to the film without SWNT (1.07 GPa). This is the first 
report describing Kapton/SWNT composite. For more effective reinforcement， aniso仕OplC
alignment of the SWNT in the film is expected to play an important role. 

Y， iY 一o 0 士士、 /三二二、

叩ぐ)-O--(}-NH2 + o(X工。 SWNT 円「ハ戸lLf.J大JトベJ十/SWNT 
」ー」→ ff ~ NMP /、¥/-、

リ 〉人 ¥HO一γ 〉 有一OH 1" I o 0 \"~ 11 川 /n I 
o 0 

ODA PMDA Poly(amic acid) 

d 十川-Q-O-oJ.-/山
Polyimide (Kapton) 

Fig.1. Synthetic scheme of Kapton/SWNT composite. 
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Spin Injection into a Graphite Thin Film 

o Megumi OhishiラMasashiShiraishi， Ryo Nouchi， Takayuki Nozaki， Teruya Shinjo and 

Yoshishige Suzuki 

Graduate School 01 Engineering Science， Osaka University 

Machikaneyama-cho 1-3， Toyonaka 560-8531， Osaka， Japan 

Graphene1， an atomically flat layer of carbon atoms packed into a twかdimensional(2D) 

honeycomb lattice， is currently one of the hottest topic in materials science and condensed-

matter physics. A graphite thin film (GTF) formed from a small number of stacked layers of 

graphene behaves as a 2D conductor.1 A GTF is thought to be well-suited to spin devices 

because of a large electron mean free path1 and a small spin-orbit interaction. In this studyラwe

fabricated a spin-valve device with a GTF (Fig.1) and achieved spin injection from 

ferromagnetic metal (FM， cobalt) into the GTF剖 roomtemperature (RT).2 This is the first 

reliable observation of spin injection into molecular material at RT. 

We employed a so-called non-local measurement scheme，3 which is able to separate a spin 

current path from a charge current path. U sing 

this scheme， we can distinguish a spin-injection 

signal from any spurious signals such as 

anisotropic magnetoresistance. Figure 2 shows 

extemal magnetic field (H) versus non-local 

resistance (detected voltage V/applied current乃

plots at RT. Depending on the magnetization 

directions of F乱1 electrodes， the non-local 

resistance was changed and clear hysteresis can 

be seen， for instance from 150 to 280 Oe in 

upward sweeping of the magnetic field. The 

observed variation of detected signals clearly 

shows spin injection into the GTF剖 RT.

GTF 

Non-・magneticmeta1 (Au/Cr) 

Fig. 1. A schematic diagram of a typical 
device structure 

0.721 
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Morita， Masahito 3P咽38 3P-24， 3P-42， 3P-46 
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本件iこ関するお閉会せ先

住友商事株式会社電子材事業部(担当:河本/膏木)

E-mail: nano@em.sumitomocorp.co.jp 

T正し : 03-5166-4546 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 
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⑬Wako 

フィプロインにPdを担持した新規不均一系接触還元触媒

特長

-芳香族ハロゲン、ベンジル工ステル及び

N-Cbz基に対して反応性を示しません0

・上記官能基共存下、オレフィン、アセチレン

及び、アジドを選択的に還元可能。

・従来のPd触媒に見5れるような発火性
を示しません0

・ろ過により再利用可能。

R-OTBDMS (TES) Benzyl alcohol 

R-C02Bn 

R-OBn I ArCOR aromatic-N-Cbz 

epoxide 

acetylene 

alkyl-N司CbzI Ar-X 

|触媒活性の比較|
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yield 97% 

百平踊電開時樹齢蹴審議繍錦織機護霊

VσNH伽
25% Pd/Fib 

H2(1atm)， THF， rt， 5h • 
/デ\~NHCbz

¥人J
yield 92% 

163-22183 

Palladium-Fibroin 
略名:Pd/Fib 

有機合成用
5g 

和光純薬工業株式会社
本 社:干540-8605大阪市中央区道修町三丁目1番2号

東京支庖:干103-0023東京都中央区日本橋本町四丁目5番13号

営業所:北海道・東北・筑波・横浜・東海・中国・九州

問い合わせ先

フリーダイヤル:0120・052-099フリーファックス:0120-052-806 

URL: http://www.wako-chem.co.jp 

E-mail: labchem-tec@wako-chem.co.jp 
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!?容液中の粒子のナ川ル微細化分散に|

l i=n，"'i-超音波ホモジナイザ子I
ホーン先端部の振幅の安定性を、より高めた Advanceタイプになりました。

近年のナノテクノロジーの発展及び粉体関連技術の向上により、より微細な粒子に対する乳化分散処理の要

望が増えてまいりました。

超音波ホモジナイザーを使用し、均質な乳化分散処理を行い、安定させることにより製品の機能は向上しま

す。

プランソン社では 20kHz機と、40kHz機の 2タイプを用意しております。

i次粒子の凝集力にも拠りますが、 20kHz機では 100nm程度までの分散力があります。40kHz機は、さらに細

かいレベルで分散ができる可能性があります。

20KHz超音波ホモジナイザ-

BRANSON SONIFIERシリーズ
高層波40KHz超音波ホモジナイザー

BRANSON SONIFIER4020シリーズ

ブランソン社の製品は、ホーン先端部の振幅の安定性が高〈、強力なキャピテーションが得られ、

効率良くまた、再現性の高い分散処理が行えます。

匡璽園璽圏

圃
カーボンナノチューブ有機顔料無機顔料セラミックセメント感光体記録材料

磁性粉粉末冶金酸化鉄金属酸化物シリカアルミナカーボンブラック

ポリマーラテックスファンデーション

研磨剤電池フィラ一光触媒触媒ワクチン体外診断襲歯磨き粉シャンプー製紙

半導体電子基盤渡晶貴金属金属宝石タイヤ発酵菌類その他

属
工マルジョン製剤農薬トナーラテックス界面活性剤クリーム乳液クリーム等

露合品a島手iA医科表幹鷲義
本 社/111-0052東京都台東区柳橋 1-8-1 TEL 03-5820-1500 

大阪支庖/533-0031大阪府大阪市東淀川区麹淡路1ト36新大阪ビル TEL06-6325守 3171

福間営業所/812-0016福岡県福間市博多区簿多駅南ト2-15事務機ビル TEL092-482-400。
札幌出張所/001-0911北海道札幌市北区新琴似 11条 13-9-3 TEL 011-764-3611 
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URL http://w附.cscjp. co. jp/ 

FAX 03-5820-1515 E司maiI tokyo骨cscjp.co. jp 

FAX 03-6325-5180 E-mai I osaka母cscJp.co. JP 

FAX 092-482-3797 E-mai I fukuoka@cscjp. co. jp 

FAX 011-764-3612 E-mai I csc-matsuda母cscJp.co. JP 
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¥~a匂imistix第一原理童子輸送計算プログラム

2つの半無線の電謹に狭まれたナノスケール構造体

の電気伝導特性を計算できる、世界唯一の務需第

一原理電子状態計算プログラムです。

Virtual NanoLab Iま、 AtomIstixT oolKitのためのユー

ザーフレンドリーな操作環境を提供します。 Vir主ual

N諮問labを用いれば、モデルのセットアップから

AtomIstix T oolKitを用いた計纂の実行、結果の表示

までGUIを使って鯖痩iこ行うことができます。
Electrode 

出~ ~目立Lお問い合わせは
サイパネットシステム株式会社新事業推進室
εー材

サイパネットシステムは金電撞に接まれたフラーレン主義分子デ

八J~ (\JO
鴨 署参 $ 

バイスの篭気挺導特性をAτKを痛いて解析し、第32酪フラー
レン*ナノチューブ総合シンポジウムにて報告しました。

STMシミュレータ

Nanotimes社製のSTMシミュレータNt_STMを用いると、 GUIツールの操作によって容易に試料や表

菌、 STMチップのセットアップを行うことができます。 STM像のシミュレーションでは、 STMチッ

プと試料開の電流を計算してSTM像を得ることができます。

国幽雌蹴踊踊醐醐園田園田盟国盟国園田耐強盤護軍 E 

右図はそれぞれセットアッ

プしたモデルを可視イとした

画面と、シミュレーション

で得られたSTM像です。こ

のモデルでは、 Cu(100)菌
にベンゼン環を載せ、 STM

チップ!こW(110)を使用し
ています。

お問い合わせは
サイバネットシステム株式会社新事業推進室
E-Mail: sサlirose@cybernet.cojp

サイパネットジステム棒式会社
本 社 千101-0022東京都千代田区神沼練塀町3富士ソフトピル

(αmiit~lll つくる間を支える締熱 l 
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C X TOYOTANSO = 

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、無担艮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力一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。

TOYO _ー』竃 E 日--_..................且・
@東洋戻索儒Jll:i在
U R L http://www.toyotanso.co.jp/ 

{本社】〒555-0011大阪市西淀川区竹島5-7-12 TEL 06司6473-7912
【工場}詫間事業所・大野原技術開発センター・萩原工場・いわき工場
{営業所]東北・つくば・東京・北陸・静岡・名古屡・大阪・広島・四国・九州
{国内関係会社〕東炭化工株式会社・大和田カーボン工業株式会社

く主な製品〉

特殊黒鉛製品

半導体用 冶金工業用 放電加工用 原子力用

擾吾有そ扇面製品

SiCコーティング 黒鉛シート C/Cコンポジット オンサイト
機械用 電気用 製品 製品 フッ素発生装置
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dEOL 本社沼恵製作所〒 19日吟自558東京都陥島市武蔵野 3 - 1 2 古 (042)543-1111 営業統括本部子 190-0012東京都立1111有鷹田J2 8 3 新鈴饗ビル 3F 罰 (042)528-3381
判U瞬間 1)72ι9680仙告(022)222-3324 筑庫 (029)筋肉220 鯨の相 528-3211.構兵 (045)474♀181 
名古崖 (052)581-1406 大沼 (06)6304-3941 富島 (082)221.2500 彊問 (092)411-2381 
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側東京プログレスシステム

住所:107-0052東京都港区赤坂2-17-68-502

電話:03-5570-0457FAX:03 5570-0462 

URL: h加1託tt甲p:凶Ilwww.tωokyoprogre邸:ss.cωo.j

Mail: ernl卜卜叩一晶ornori@wonder.ocn.ne.jpp 

営業品目

。安定同位体元素

Si， S， V， Cr， Fe， Ni， Zn， Ge， Se， Kr， Mo， Cd， Sn， Te， Xe， W， Os， Pb， Mg， K， Ca， Ti， Cu， 

Zn， Ga， Rb， Sr， Zr， Ru， Pd， Ag， In， Sb， Ba， La， Ce， Nd， Srn， Eu， Gd， Dy， Er， Yb， Lu，行乙

Ta， Re， Ir， Pt， Tl， Hg， Yb， Ar 

。ダイヤモンド粉末・その他の超硬材料

1.爆発ダイヤモンド(DD)-黒鉛に爆薬の爆発による在力をかけ合成する。粒子は多結品体で研

磨に最適と言われている。

2.超分散ダイヤモンド(UDD)一爆薬TNTの分子中の炭素が爆発による高温・高圧下で

タ守イヤモンドに変わったものO 粒径は30'""50ナノのクラスターになっている。エレクトロニクス産

業での高精度研磨・表面処理・潤滑剤などの用途がある。

3.静圧合成ダイヤモンド(工業用ダイヤモンド)一黒鉛に約5万気圧・1300
0
C以上の圧力をかけて

合成したダイヤモンドを粉砕したもの。

4.その他研慶用ダイヤモンドペースト'BN'CBNなど

。無機レンズ・プリズム・ウインドウ(NaCl，KCl， Si， Ge， GaAs， A1203， CaF2， LiF etc.) 

。 MTR社のフラーレン誘導体類

女C60/PCBM，純度99.5%以上

(価格:250rng，￥93，000-19r:￥180，000-10gr:￥1，600，000-) 

女C70/PCBM純度99%以上

(価格:250rng，￥150，000… 19r:￥370，00-10gr:￥3，200，000-) 

女その他C60:(C13置換)女C60:C70(C13置換)女MixtureC60 & C70(C13置換)

*C60F36， *C60 Ew *Higher fullerene rnixture C76， C78， C80 & C84 
*C60CHCOOH(1.2-rnethanbofullerenC60)-61-carboxylic acid 

*[η5 (C5H5) 2 Fe J2*C60女TypeA: C60HNH(CH2)3 COONa 

女TypeB: C60HNH(CH2)5 COONa 女C60C(COOEt)2 &女C60[C(COOEt)2J2
*C60Br24女水酸化ブラーレン:C60(OH)n: n=18'""24など

@1lJ lRく英語・ドイツ語・フランス語・ロシア語など〉・技術調査など
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汁0農Ar

でも衆薬妻、毅然と選最波宮T縄機しているのが鎌レをきず翁

ケイタイもその取の?っ。議筆集廼畿のカラ榊。フィルタ時護憲綴lj議会、

穫さ評議綴に綾われているフィルム事者総毒事ど‘

織にお愈々、コ3ミュニニケ綱脚色d幾ン宅密3震災宅ごいるのが

裏腹レグループの銭織率重斜@
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lω山 S叩金属内包ーン用I:I:U… I 

⑨ I 

C[1}.1 ~J [1t''DW :l! [3 :$1~] 19 ~・

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!

-分析例
COSMOSI~ Buckyprep-M 

C86 

COSMOSIt!' Buckyprep 

• 唱。 宅5 20 25 35{剛四}

COSMOSI~ Buckyprep-M 

C88 

COSMOSIt!' Buckyprep SC2⑧C84(I) 

C86 

C84 • 10 15 20 25 35 (min) 

4 15 20 imin) 

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:075-21ト2703 FAX: 075-211-2673 

Web site :http:グwww.nacalai.co.jp
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研究試薬・実験機器・工業薬晶

椋式会社三和
代表取締役社長田村和生

本 社干804・0082 北九州市戸畑区新池2・5-42
TEL(093) 871・4821(代)FAX(093)871・4823

福岡営業所干813・0062 福岡市東区松島6・8-4
TEL (092) 626・2333FAX(092)629・2882
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的確な構報で

コンサルティング

あも捗る分野iこおける研究

長年にわたって携わってきた実轟か品、

籍かなニーズにお蕗えする援案カがf新興務機JIこjまありますc

ハイレベルな袋詰日のご提案

事之口口

熟練のスタッフによる窯期的な襲畿などのアフター

サ…ピス体制は湾金を翻しており、 n…のトラブル
発生の擦は許て試響く迅速な対誌、的議なアドバイ

スでサポートしています。

的確な情報で研究開発をパックアップ

信頼のサポート体制
製品のメワットヂメリットを鵠譲jこ鞠重軽し、離しい

基準をクリアした議議襲(J)霊長品をお掻けするための

体替制作りも穣嬢的立推進。

欝欝入札への参加を通じて、畿議された機器を

お客様に縫供しています。

4 い村いする新興精機内.u.

う¥;林容主務執〓 一~ど弐ミク〉

γ押H綴1 1震寮襲撃手終E奇書E外線鶴蓄す窪1悲著書12~警 ?をL、0:1命事事1島8161
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SepaxCNT SECシリー
独自の表面処理技術Nanofilmテクノロジーによりカラム樹脂表面をマスクし表面の勅k性を高めることで手隅
異的吸着を揚除し、 SECの分離原理である分子サイズに従った溶出が可能になります。

SepaxCNT SECシリーズは、カーボンナノチューブやナノ粒子の分離に適しています。

DNA wrapped carbon nanotube 
1.0 

Columns: 4.6x250 mm. 5μm 

Sepax CNT SEC-300 
Sepax CNT SEC -1 000 

Sepax CNT SEC-2000 
0.1 M Tris + 0.2 M NaCl 

pH 7.0 
0.25 mLlmin 

Free DNA 

。。

DNA-CNT 

0.8 

0.6 

0.4 

0.2 

g
c
o問
骨
白
O

50 

f21 

Nanofilm SECにより分
離されたナノチューブ、

の各フラクション

40 30 

Time (min) 

20 

f25 

10 

Products ポアサイズ 粒子径 CNT容量範囲 pH範囲 アプリケーション

CNT SEC-300 300A 5μm 
長され100nm

2時8.5
CarむonNanotubes， nanorods， 

径:1働5nm nanoparticles 

CNT SEC岨 500 500A 5μm 
長さ 25-250nm

2・8.5
Carbon r、Janotubes，nanorods， 

径:1-10nm nanoparticles 

CNT SEC・1000 1000A 5μm 
長さ・ 100悶500nm

2-8.5 
Carbon Nanotubes， nanorods， 

径::1-25nm nanoparticles 

CNT SEC-2000 2000A 5μm 
長さ 300-1000nm

2-8.5 
Carbon Nanotubes， nanorods， 

径:1-50nm nanoparticles 

Jlttp://www.technosaurus.co.jp 

SEP AX_ CNT SEC/nanotech2006 

正ゐ工系議轟韓議金融
日東京〒162-0805東京都新宿区矢来町J113番地

TEL:(03)3235-0661 <<骨/FAX:(03)3235-0669 

千532-0005大阪市i渇11区三国本町2丁目12番4号

TEL:(06)6396・0501紛/FAX:(06)6395-2588 

千812-0054福岡市東区馬出 1丁目 2番 23号

TEL:(092)631-1012紛/FAX:(092)641-1285 

※会社名および商品名は、各会社の商標または登録商標です。

・規格・仕様および外観は、改良などのため予告なく変更する場合があります。
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|顕…ン一一…んか?
Nicolet Almega XRなS、自動で光韻語撃と較正を行うので

苧闘がかかりません。

-システムの自動調整、自動較正(特許)

・レーザーおよびグレーテインク‘の自動切換

・プレビュー機能とリアルタイム表示

・スマートパックク‘ラウンド、自動車露光による

高品質のスベクトル測定

・7851780/633/532/473nmレーザ

2種類同時搭載

・クラス iレーザ安全纂準適合

・ケミカルイメージングに対応

サーモフィッシャーサイヱンティフィック株式会社
スベクトロスコピー営業本部 IR/Raman営業部

守221-0022神奈川環横浜市神奈川区守屋町3-9C棟2F
TEl. 045-453-9210 FAX.045-453-9235 
'F561-0872大阪府豊豊中市寺内ふ41(緑地駅ビル)
TEl. 06ω6863“1552 FAK 06-6863-1096 
www油ermofisher.com(グローバJレ) www.thermofisher.co.jp (信本)

Part ofτhermo Fisher Scientific 
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Nicolet Almega XR ~酎離レーザラマン

300 250 200 150 

Raman shift (cm-1) 

窺径の異なるSWCNTのうマンスペクトル

TherR10 
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nanom フラーレン フロンティアカーボン株式会社

サンプル価格一覧 2007年7月1日現在

銘柄 分子構造 純度(HPLC面積%:代表値) 販売単価 取扱数量

3，000円/g 10g以上
ST >99 -・・・・司副・岨..・・・・・・ -・・・..司......

nanon唱世ur担le
8，000円/g 19以上。TL >99.5 10，000円/g 19以上

フラーレンC60 SU >99.5/昇華精製品 15，000円/g 19以上

SUH >99.9/昇華精製品 35，000円/g 19以上

nanon唱orange ST 。 >97 40，000円/g 19以上

200，000円/gフラーレンC70 SU >98/昇華精製品 0.5g 

銘柄 分子構造 平均粒径

ix 日qa| 数10μm
C60:約60怖

C70:約25%
その他:高次フラーレン | 数μm
nanom black |重工 数10μm

フラーレン類似構造を

有する特殊な煤

炭素含有量:96.0似上|呈壬空 数μm

フロンティア力 ボン株式会社は
三菱商事株式会社から正規に

ライセンスを受け、フラーレン
nanom@を製造販売しています

三菱商事株式会社は日本における

フラーレン物質・製造特許の

専用実施権を保有しております
(特許第2802324号)

本格量産工場(40Tonl年)

•• Frontier Carbon Corpor削除n

販売単価 |取扱数量

500円/gI 50g以上

600円/gI 10g以上

700円/gI 50g以上

800円/gI 10g以上

350円/gI 100g以上
上
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90，000円/kgI 1kg以上
上記価格は予告無く変更する場合が

ございます。予めご了承下さい。

大量のご購入の際は、別途お見積もり

致します。

販売単価には消費税は含まれておりません。

別途申し受けます。

御購入金額が25，000円以上(税抜)の場合、

送料は弊社負担と致します。

御購入金額が25，000円未満(税抜)の場合、

一律1，500円(税抜)の諸掛を申し受けます。

くお問い合わせ先>
フロンティアカーボン株式会社

営業販売センター
干104-0031 東京都中央区京橋1-8・7
京橋日殖ピル5FTEL:03引 59同6880

http://www.f-carbon.com 
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場参議.

フラーレン誘導体フロンテイアカーボン株式会社

サンプル価格一覧 2007年7月1日現在nanom 
銘柄 分子構造

溶解度(wt%)
販売単価 取扱数量

Toluene 0・Xylene ODCB PGMEA 

nanom spectra E100 

百
80，000円jg 19以上

PCBM 2. 2 3. 1 >10 。圃 05 -・.........圃司・...-・..・・ E・R・....

(Qhenyl豆61-Qutyricacid methyl ester) 130，000円jg 0.5g 

nanon百spectraE200 

高
150，000円jg 19以上

PCBNB 1.9 5.3 >10 0.05 '"圃.....・.......-・....圃・・・....

(Qhenyl C，61-Qutyric acid n-Qutyl ester) 240，000円jg O. 5g 

nanom s担ectraE210 国) 150，000円jg 19以上

PCBIB 3.5 5.9 >10 0.07 -岨闘・・・・岨・ 4・・・.....

(Qhenyl C，61-Qutyric acid j-Qutyl ester) 240，000円jg

銘柄 分子構造 販売単価 取扱数量

nanon司S世ectraE110 

ト川ト眠C70PCBM 250，000円jg 0.5g 

位置異性体の混合物です

nanom spectra E910 

@(tJGjjJ) 
100，000円jg 19以上
・.....制・e・....陣且・ ..・・岨・・・・....

付加数 n=2-3の混合物です n=2-3 160，000円jg O. 5g 

銘柄 分子構造 溶解度(wt%) 販売単価 取扱数量

nanom spectra G100 PGMEA 乳酪エチル CHN MAK 100，000円jg 19以上dqh 且・・.. . . . . . .・司・・ 2・

0.2 O. 1 19.9 1.2 160，000円jg 0.5g 側鎖部分の長さはカスタマイズ可能です

PGMEA nanom spectra Jシリース. :野R

価格、取扱数量、ご購入の諸条件等の詳細はお問い

混合物です NR2=-Nf」，--J¥附 ，OO Bu 孟20 合わせ下さい。

一

銘柄 分子構造 組成 販売単価 取扱数量

nanon官spectra0100 。:i叫 10，000円jg 19以上
C60(OH)n n=約10(MS) .冒・・‘・・・・・・・・ 2・・ -・...司.....・・

水酸化フラーレン混合物です
(n:: ca.10) 

12，000円jg 0.5g 

nanom spectra B100 グ 1、ご C60 (0) 1: 約30免 25，000円jg 19以上

酸化フラーレン : C60(0)2・ 約25弘 .，・..置・・羽'・・....・ E・"・咽凹・・・・・刷圃.
ミ，，~?

混合物です
(n =: 1-2が主成分) その他: C60，三酸化体以上 30，000円jg 0.5g 

nanon官spectraAl00 。l叫 12，000円jg 19以上
C60 (H) n n=約30(MS) 

-・....置・司 M・....・・且・....司・ a・...

水素化フラーレン混合物です 15，000円jg 0.5g 
(n =: ca， 30) 

上記価格は予告無く変更する場合がございます。予めご了承下さい。 大量のご購入の際は、別途お見積もり致します。

<お問い合わせ先>
フロンティアカーボン株式会社営業販売センター
干104-0031東京都中央区京橋1-8-7京橋日殖ビル5FTEL:03-5159-6880 http://www.f・carbom.com
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-E3建司自国圃

- h函司回宙~~旧日量~~.1雪，0.

議参議参省静香参議参挙参考参議第 4絵巻診を務

大塚電子林武会社
.本社 苧573-1132大阪府枚方市招提図近3T厨26-3 TEL.(072)855-8564 FAX.(072)850-9159 e-mail: osaka.office@凶otal.co.jp
.東京支底 宇192-0082東京都八王子市東町1-6犠完LKどllAF TEL.(042)644-4951 FAX.(042)644-4961 e-mail: tokyo.office@photal.co.jp 
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12514ロ::;;正吾霊宮前扇面孟盃 Faxでの諒一定価問問
半導体産業会社録空軍?詰謹fTZt)
縮・PDP・ELメーカー計面総覧哲男7輯翠意!?f:
半導体工場ハンドフ‘ツク2007雲糧霊?;Pf警;霊翠E翠号意罫;Z::tエ:L円一(体本
アジジEア半導鞠体/峨液縮品恥jハiン山ドブ列ツク 2007~唱盟腎需?r描藷腎
プリント固路メ-力-総覧雫習r戸雪電哲?f註聖監E出虫錯そ聖瞥器艶監草車;1: 
半導体産業計画総覧哩L智九形判 530

日本半導体IFPDベンチャー年盤2006~霊結記諮える
太陽 業総覧2007i唱者藷!?ih13f円)
ナノテク産業総覧
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リサイクル分取HPLCは]AIのLC・9000シリーズ!

ling Preparative HPLC 

高分子分析の未来と取り組む!

Jl¥i日本分析工業株式会社
URL: http//www.jai.co.jp/ E-mail: sales-l@jai.co.jp 

日本社・工場;干190-1213 東京都西多摩郡瑞穂町武蔵208 TEL 042-557-2331 FAX 042-557-1892 
口大阪営業所:干532-0002 大阪市淀川区東三国5-13-8-303 TEL 06-6393-8511 FAX 06-6393-8525 

i園l 川何瓦LC・91041

T
L
 
;三三臨韮E♂

昆.

ロ

曜論…器輸… 0": 

.圃，

+LC-9104 大量分取モデル
専用のGPCカラム (40φX600 mm)を装着すれば、試料
処理量は、 LC-9l0l型の約4倍。試料注入から分取まで自動化
されています。また、 ODS'シリカカラムなど、大量分取用
カラムの'性能を最大限に引き出す装置設計がなされています。
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+ LC-920 1/LC・9204
コンパクトモデル
分離分取に定評のあるLC-
9101型の高い性能を受継ぎな
がら、サイズをコンパクトに
し、省スペース化と低価格化
を実現しました。

+ LC-91 02/91 03 
グラジエントモデル
グラジエントとリサイクルが
ワンタッチで切替えられます。

+LC・9101
標準モデル
専用のGPCカラム (20や
X600 mm)を装着すれば、
分離能を落とすことなく、常
時300 mgを注入することが
できます。

際璽轄璽 • 脳嗣幽圃幽晶岨
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株式会社工υ"ニフス
本 社千192-0063東京都八王子市元横山町3千田6

3D-SEMフィーjレドエミッション電子線三次元糖さ解析装置

ERA帽8900FE
密擁護でSEM観察しながら試粍
襲簡の総定解析が可能。
低加速領域においても簡単に高性能を発揮す

る新設計のTFE電子銃を搭載しました。横方向、
縦方向ともに分解能が極めて高く、 SEM観察

視野をリアルタイムでCRTに三三次元表示します。

4本のニ次靖子検出擦を搭載。
マルチ方舟から回出(TOPO)、組成(COMPO)、

通常のSEIの3タイプの画像が高分解能で得ら

れます。従来のSEMでは困難とされた低倍率で

の無影照明像、微細田凸録、緩やかなうねりな

どの観察を可能としました。

超微小押し込み硬さ試験機(趨軽荷重型)

ENT-2100 
数ナノの押し込み深さで、優れた
開臆と安定性。
当社が独自に開発した定点荷重方式の採用に

より、サンプルに圧子を垂直に押し込むことがで

きます。これにより正確な荷量負荷と表面検出

精度を飛躍的に向上させ、最小1μNという超

軽荷重領域での試験を可能にしました。押し込

み深さ数nmでも安定した測定ができます。

http://www.elionix首co.jp/
TEL瞭042同626-0611(代表) FAX.042-626-9081 

大阪営業所干563幽0025大阪府池田市域南1-9四22グリーンプラザ2FTEL.072-754-6999 (代表) FAX.072四754-6990
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http: / atr-atr.co.jp 
次世代太陽光発電に新素材 I 

はじめに
フラーレンをこ土台とした有機エレクトロニクスは高難的!と高い可能性を秘め‘幾界で鱒光を浴びていますu 例えば、半導体ポ

リ'lーに混合すればも太海電池、両極性の電解効果トランジスター{F町弘光検知援を低コストで製造でぎます。

FETIζi誌、海最貨のフラ…レン務導稼が使用されます。
従来、加工可能~C6ひ欝導体である[60]PCBMが療も多く使用2されて老衰したが、 [BOJPCBMのパリヱーションや多種の
フラーレン欝導体の硲滑によっても糞大~利益tJ~箆込めます。 [60JPCBMのパリエーシ箔ンは実に広く、溶解盤、紫外線吸収
{パンドギャップ〉、安翻色濃充電位怒どフラーレン誘導体の灘性は符殊分野にも応用倉崎畿ですe以下!こ‘ロO]PCBMや

[B4JPCBM忽どのPCBMアナログの特性と一部のPCBXの特性とを比鮫し畿管。

毎「 U人
PCBM 
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太渇電池に使用した ポリマー/PCBM PCBXの使用例:
半導体ポリマ一 太陽電池の概略図 PCBMとの溶解性増大の比較

MDMO-PPV IPCBM太陽電池 題解効薬トランジスター内部の[84]PCBM
噌ー桝，情健輔副6押 'f(雪地償協a.l.Io1aNl'l
判か .... 叱濁鰍綱萌骨拘却劇場a崎明鴫酬噸劇岡弘，-・8欄
樹齢検叩R・瞬創酬時e開~:q.. 崎明嶋欄蜘醐..，喝旬酬
4炉問開珊醐刷時押》別地幽醐酬醐・'"同特聞
咽・4河P切輪組働ω。拘却が喝“お・ .[70]PCBMの眼光度

が[BOJPCBMの吸光度

を上回ることにより性

畿が良上:2.5%功3%

取との穫のポソマーの太

陽勝愈にとって‘

[84]PCBMのしUMO
は低過ぎ。

考
a
a
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'有機F町内都の[84]PCBM!こ適したn型半導体
，とれらの[84]PCBM有機FET!a:空気中で安定e

掛

エ
守
主
張

結論

・フラーレンの開講特性{畷光震の増加tJ.ど)により、

太醜電池の効率が向上。

要有機FET内部の[84]PCBMは、空挺中で著しく安定。
• PCBXの使用iこよりフラーレンの溶解性管制じさせると、
加工条件は最適化される(活性癒照の溶媒の加工条件主主ど)。

観務 第絢 寝静

鳩糊
W嶋糊州制。明敏判E帆f7申α製時制問問lIM(ln愉脚}

4出師陣明君臨附様式鋭ATR
千襲県松戸市小金.7了醤10番地25苧270・0021
τEl047(394)2112 FAX 047(394)2100 
sale時民間tr.co.jph社p:llat悶 tr.co.jp
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ニッケル"コバルト:フエロクロム:フエロマンガン:フエロパナジューム盗鉛:チタン:スズ:アンチモン:タングステン.その他金属類

|フラーレン 金ナノ微粒子 I 

【60】【70][84] PCBMフラーレン

高次フラーレン (C84)

水溶性フラーレン

iビスマロン酸ヱチルフラーレン
:C13安定同位体置換フラーレン

!Gd@C82金属内包フラーレン

C60CHCOOHカルボン厳メタフラーレン ILa@C82金属内包フラーレン

C60(OH)6.C60(OH)22-26.C60(OH)24 'C60-Pt.C60-Fe.C60-Niフラーレン

アミノ酸フラーレン誘導体 ;ハイブリットC60フエロセン，コバルトセン

アミノカプロン畿フラーレン(んlti-HIV) IC60F36.C60F48.C60Br24フラーレン

金ナノ粒子.0.01帖金.2-50nm

Dextranコート.0.01%金.1O-50nm

PEGコート.0.01%金.5-50nm

Biotinラベル.0.01%金.5-50nm

Streptavididinラベル.0.01部金.5-50nm

各種カーボンナノチューブ E 
多層カーボンナノチューブ純度95%(径-140nm長さ-7μm)両端閉 CVDi単膚カーボンナノチューブ純度制{径平均1-2nm長さ-15μm)両端開 CVD
多層カーボンナノチューブ純度95弛(径-20nm長さ-7μm)両端閉 CVD 単層カーボンナノチューブ純度50-70%

多層カ一ボボ、ンナノチユ一ブ純度ω捌弘似(径-10伽nm長さ5-15μ仰m)碕端閉 CVD! (径平均1.2ト-1.4伽nm長齢さ1刊

多層カ一ボボ、ンナノチユ一ブ純度ω馴覧似附(f:径歪刊0伽nm長さ-15μm吋)荷端閉ア一クiド2層カ一ボンナノチユ一ブ純度1何貯15-2ト日町吃2凱(径3-5nm長さ5ト刊~叶15μm)ア一ク
多層カ一ボンナノチニ斗L一ブ純度90罰(径5-40伽nm長さ0.5-1μm叫)両端開ア一ク:水溶性ナノチューブ各種

(Applied Nano Fluorescence社)
米国ライス大学ワイズマン教授

が開発した単層カーボンナノ

チューブ

I [AI203. BaS04. Bi203. Ce02. CoFe204， Cr03. CuO. Er203. Eu203. 

• Fe203. Gd203. Hf02. In203. MgO. Nd203. NiO. Sb203. Si02. Sm203. 

• SrC03. SiTi03. Ti02. V203. W03， Y203. ZnO. Zr02 ]各種

ロックインアンプ

.A拘側灯蜘拘同時tch練武書位ATR
扇町職.~童 子襲照松戸市小金原7了臨10番地25￥270・0021‘T司2・TEL047(394)2112 FAX 047(394)2100 
吋明ーー-ーa- sales轡atr-atr.co.jph枕p:llatr-a
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