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プログラム早見表

特別講演1(岡本穏治)
9: 00-9: 30 

一般講演4件
(ナノチユーフ、の物性)
9:30-10:30 

一般講演4件
(ナノチューブ、の物性)
10:45-11・45

一般講演4件
(金属内包フラーレン)
9: 30-10:30 

一般講演4件
(フラーレン固体とフラーレンの化学)
1 0 : 45 -11 : 45 

特別講演5(Nikos Tagmatarchis) 19: 00 
9: 00-9: 30 

一般講演4件
(ナノチューブ、の生成と精製)
9:30-10:30 

:30 

10:30 

特別講演6(松尾豊 110:45 
10: 45 -11 : 15 

一般講演4件
(ナノチューブ、の精製と応用)
11:15-12:15 

11 :15 

昼食 11・45-13:00

特別講演2(粟野祐二)
13:00-13:30 

一般講演5件
(ナノチューブ、の物性)
13: 30-14: 45 

一般講演5件
(ナノチューブ、の物性)
15 :00-16: 15 

ポスタープレピ、ユ一
1分x50件
16:15-17:15 

ポスターセッション
17:15-18:35 

3肩吾百て頁7
チュートリアJ"1 03轟轟室
15:00-16:30 
講師片浦弘道先生

12: 15 

昼食 12 : 1 5 -1 3 : 30 

授賞式 13: 00-13: 30 

特別講演4(西堀英治)
13: 30-14: 00 

特別講演7(田原修一 113:30 
13:30-14:00 

一般講演4件
(内包ナノチューブ-ナノホーン)
14 : 00 -15 : 00 

一般講演3件
(ナノ炭素科学)
15:15-16:0。
ポスタープレビュー
1分 x50件
16: 00-17: 00 

ポスターセッション
17: 00-18: 20 

18:30-懇親会

ポスタープレビュー
1分x50件
14: 00-15目00

ポスターセッション
15: 00-16: 20 

特別講演発表25分質疑5分
一般講演発表10分質疑5分

ポスタープレピ、ユ一発表1分質疑なし
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14:00 

15胃00
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TIME TABLE 

9: 001 Special Lecture(Y.Okamoto) Special Lecture (D.Ho) I S匂伽Speci問仰同e印eci山 tL加tureぽ附Jre陀e什休例阿川山、4打山向l円山刈T刊Tag勾gm…トh同州li山ωi陪ωs心) 
9: 00-9: 30 9: 00-9: 30 9:00-9:30 

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

(Formation and Purification 
(Properties of Nanotubes) (Metallofullerenes) 

Nanotubes) 
9:30-10:30 9:30-10:30 9: 30-10・30

Break 10:30-10:45 10:30 

10 :451 
General Lecture[ 4] Special Lecture (Y.Matsuo) 10:45 

General Lecture[ 4] 
(Fullerene Solids and 1 0 : 45 -11 : 1 5 

(Properties of I¥Janotubes) 
Chemistry of Fullerenes) 111 : 15 10: 45-11 : 45 
10:45-11 :45 General Lecture[ 4] 

(Purification and Applications 

11 : 451 of Nanotubes) 
11:15-12:15 

Lunch 11 :45-13:00 

13: 001 Special Lecture (Y.Awano) Awards Ceremony 
Lunch 12:15-13:30 

13:00-13:30 13: 00-13: 30 

13: 301 Special Lecture(E.Nishibori) Special Lecture (S.T ahaω113: 30 

General Lecture[5] 
13: 30-14: 00 1 3 : 30 -14 : 00 

(Properties of Nanotubes) 
General Lecture[ 4] 

114:00 
13: 30-14: 45 Poster Preview 

(Endohedral Nanotubes' 1min x [50] 
Nanohorns) 

14: 00-15: 00 
14:45 Break 14:45-15:00 

14: 00-15: 00 

15:00 Break 15: 00-15: 15 15:00 

General Lecture[5] General Lecture[3] 
(Properties of Nanotubes) (Science of Nanocarbons) Poster Session 
15:00-16・15 15: 15-16: 00 15:00-16:20 

16: 151 Poster Preview 116: 20 
Poster Preview 1 min X [50] 

1 min X [50] 1 6 : 00 -1 7 : 00 

16:15-17:15 

Poster Session 

Poster Session 17: 00-18: 20 

17: 15-18: 35 

18: 30-Banquet 
Mon. Mar. 3 
Tutorial Room103 Special Lectures 25min presentation， 5min discussion 
15:00-16:30 General Lectures 10min presentation， 5min discussion 
Dr. Hiromichi Kataura Poster Previews 1 min presentation， No discussion 
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座長一覧

3月3日(月) (敬称略)

時 間 座 長

特別講演(岡本) 9:00 - 9:30 宮本良之

一般講演 9:30 - 10:30 大野雄高

一般講演 10:45 - 11 : 45 坂東俊治

特別講演(粟野) 1 3 : 00 - 1 3 : 30 片浦弘道

一般講演 1 3 : 30 - 14: 45 谷t百勝己

一般講演 1 5 : 00 - 1 6 : 1 5 菅井俊樹

ポスタープレビュー 16: 15 - 17: 15 是常隆

ポスターセッション 17 : 15 - 18: 35 西出大亮

3月4日(火)

時 間 座 長

特別講 j寅(Ho) 9:00 - 9:30 大津映二

一般講演 9:30 - 10: 30 山本和典

一般講演 1 0 : 45 - 11 : 45 竹延大志

特別講演(西堀) 1 3 : 30 - 14: 00 中村新男

一般講演 14 : 00 - 1 5 : 00 北浦良

一般講演 1 5 : 1 5 - 1 6 : 00 小塩明

ポスタープレビュー 16 : 00 - 17: 00 安坂幸師

ポスターセッション 17 : 00 - 18: 20 前回優

3月5日(水)

時 間 座 長

特別講 j寅(Tagmね帥is) 9:00 - 9:30 篠原久典

一般講演 9: 30 - 10:30 稲熊正康

特別講演(松尾) 1 0 : 45 - 11 : 1 5 驚藤毅

一般講演 11:15-12:15 藤ヶ谷間11彦

特別講演(田原) 1 3 : 30 - 14: 00 湯田坂雅子

ポスタープレビュー 14 : 00 - 1 5 : 00 柳和宏

ポスターセッション 1 5 : 00 - 1 6 : 20 若林知成

111 



3月3日(月)

特別講演発表25分・質疑応答5分
一般講演発表10分・質疑応答5分

ポスタープレビ、ユ一 発表1分・質疑応答なし

特別講演(9: 00-9 : 30) 

18・1 燃料電池触媒のinsilico設計
0岡本穏治

一般講演(9:30-10 : 30) 

ナノチューブの物性

1・1 金属ナノチューブにおけるラマンG-bandスベクトルのソフト化
0森藤理一郎、佐々木健一、佐藤健太郎、朴珍成

1・2 単層カーボンナノチューブの電場変調吸収スベクトル
0岸田英夫、長津嘉明、今村禎允、中村新男

1・3 孤立垂直配向単層カーボンナノチューブのバンドル化に伴う蛍光発光強度の増大
0加藤俊顕、畠山力三

1-4 単一カーボンナノチューブ分光による多励起子再結合過程と励起子微細構造
0松田一成、井上匡志、村上陽一、丸山茂夫、金光義彦
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11 

12 

"*"*すす才女休憩、 (10 : 30-10 : 45) 交交交古すす

一般講演(10:45-11 : 45) 

ナノチューブの物性

1・5 Polyf¥uoreneを使って、収集された半導体SWNTの光学・電気特性
0カザウィサイ、イザルニコラ、畠賢治、岡崎俊也、斎藤毅、佐藤雄太、末永和知、二見能資、南信次 13 

1・6 ボロンドープカーボンナノチューブの三次元効果
0是常隆、斎藤晋 14 

1・7 ホウ酸・メタノール溶液から合成したホウ素ドープMWNTにおける電気伝導率の上昇
0石井聡、渡遺徹、津田俊輔、山口尚秀、高野義彦 15 

1・8 カーボンナノチューブ超伝導研究の最近の進展
0春山純志、丸山茂夫、篠原久典 16 

1なヲなすすすす昼 食 (11 : 45-13 : 00) 古才女す古会

特別講演(13: 00-13 : 30) 

18・2 カーボンナノチューブのLSIビア配線応用
0粟野祐二 2 

一般講演(13: 30-14 : 45) 

ナノチューブの物性

1・9 金属単結晶表面上におけるカーボンナノチューブの局所電子状態
0金有沫、Hyung-JoonShin、SylvainClair、川合真紀

1・10 Ag(lOO)単結晶表面上におけるカーボ、ンナノチューブのバンドギャップモジ、ユレーション
Oシンヒョンジ、ユン、クレアシルパイン、金有沫、川合真紀

1・11 グラフェンおよびナノチューブ上における酸素原子拡散に関する電子状態計算
0河合孝純、宮本良之

1・12 単層カーボンナノチューブの電界電子放出特性に及ぼすエミッタモルフォロジー効果
0白鳥洋介、古市考次、野田優、杉目恒志、辻佳子、張正宜、丸山茂夫、山口由岐夫

1・13 金属ナノチューブの非接触磁気抵抗
0大島勇吾、鈴木宏貴、岩佐義宏、野尻浩之

17 

18 

19 

20 

21 

"*交交官大古休憩 (14 : 45-15 : 00) 交交交交交交
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一般講演(15:00-16 : 15) 

ナノチューブの物性

3月3日(月)

1・14 カーボンナノチューブの熱伝導への周囲材料の影響:分子動力学シミュレーション
0塩見淳一郎、丸山茂夫

1・15 比表面積測定によるSWNTの純度および割合の評価
0二葉ドン、後藤潤大、山田健郎、保田諭、湯村守雄、飯嶋澄男、畠賢治

1-16 カーボンナノチューブ分散阻害剤のカイラリティ依存性
0驚藤浩、佐野正人

1・17 電気化学によるカーボンナノチューブの直径選択的切断方法
0大森滋和、斎藤毅、大嶋哲、湯村守雄、飯島澄男

1・18 5一7員環の対によるカーボンナノチューブの曲げ変形
O若生啓、小田竜樹、橘勝、小島謙一

ポスタープレビ、ユー(16: 15-17 : 15) 
ポスターセッション(17: 15-1 8 : 35) 

ナノチューブの生成と精製
1P-1 炭素透過法を用いたCNT成長
O日方威、林和彦、水越朋之、楼井芳昭、石神逸男、青木学聡、瀬木利夫、松尾二郎

1P-2 SiC表面分解法による放射状に配向したCNT粉末の合成
0吉川和男、山本元弘、楠美智子

1P・3 窒素雰囲気中アーク放電法により作製した孤立分散単層カーボンナノチューブからの発光
0水沢崇志、鈴木信三、岡崎俊也、阿知波洋次

1P-4 レーザーアプレーションおよびACCVDによる単層カーボンナノチューブの生成
0児玉真一、池田篤、桝尾祐樹、村上哲史、若林知成

1P-5 Synthesis and Applications of Novel Vanadium Oxide Nanotubes 
OAbhishek Kumar、NikhilDhawan 

1P・6 高真空アルコールガスソース法により作製したカーボンナノチューブの成長時間変化
0谷奥健次、白岩倫行、丸山隆浩、成塚重弥

1P・7 Patterned growth of CNTs through AFM nano-lithography 
0郎建超、吉村雅満、上田一之

1P-8 アルコールCCVD法によるCNT合成における金属触媒粒子のカイラリティ選択性
0鈴木祥吾、佐藤英樹、畑浩一、梶原和夫

1P-9 Taマスクを用いてSiC表面分解法で作製したカーボンナノチューブパターンのTEM観察
0穂積葉子、山本陽、森みどり、丸山隆浩、成塚重弥、楠美智子

1P・10 金担持触媒上でのナノチューブの成長とメカニズム
0吉原直記、吾郷浩樹、辻正治

その他

1P-ll 一層、二層そして三層グラフェンのG'パンドラマンスベクトル

22 

23 

24 

25 

26 

51 

52 

53 

54 

55 

56 

57 

58 

59 

60 

0朴珍成、AlfonsoReina Cecco、粛藤理一郎、JingKong、GeneDressselhaus、andMildred S. Dresselhaus 61 

ナノチューブの応用

1P圃12 Influence of Cathode-Anode Distance on Field Emission Properties for Bulky CNT Emitters 
OHuarong Liu、ShigekiKato、YahachiSaito 

1P・13 高配向・高密度カーボンナノチューブ膜の電気二重層キャパシタへの応用
0加藤治夫、楠美智子、杉本重幸、杉原邦浩、柴田奥義

1P・14 多層カーボンナノチューブの金属表面への溶接過程その場観察
0安坂幸師、中原仁、斎藤弥八

1P-15 可溶化カーボンナノチューブを素材とするPET上でのハニカム構造体形成
0若松信雄、高森久義、藤ヶ谷剛彦、中嶋直敏

1P・16 カーボンナノチューブへのメタン吸着の電界放出顕微鏡法による研究
0山下徹也、安坂幸師、中原仁、斎藤弥八

1P-17 透明導電性カーボンナノチューブ薄膜上での骨芽細胞様細胞の培養
0赤坂司、横山敦郎、松岡真琴、阿部薫明、宇尾基弘、佐藤義倫、田路和幸、橋本剛、亘理文夫
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3月3日(月)

1P-18 単一カーボンナノチューブからの電界放出のその場観察透過電子顕微鏡法
0奥村健介、安坂幸師、斎藤弥八

1P-19 ALDを用いたバイオセンサ用カーボンナノチューブFETの作成
0中島康宏、大野雄高、岸本茂、大河内美奈、本多裕之、水谷孝

1P-20 カーボンナノチューブ電界放出エミッタの電子光学的評価
0河野匠、安坂幸師、中原仁、粛藤弥八

ナノチューブの物性
1P-21 Studying the Same-Handedness in Double-Walled Carbon Nanotubes Using the Dispersion-Augmented 
Density Functional Tight Binding Method 

68 

69 

70 

OStephan Irle、RaviprasadKrishnamurthy、KeijiMorokuma 71 

1P-22 複合(DNAlSWCNT)薄膜の電子物性
0丸山有成、本橋覚、田中雅之、周虎、小林昭子、緒方啓典 72 

1P-23 グラフェンにおけるエッジ状態の超伝導
0佐々木健一、鈴木雅裕、粛藤理一郎、大成誠一郎、田仲由喜夫 73 

1P幽24 C59Nフラーレンを内包した単層カーボンナノチューブと二層カーボンナノチューブの電気輸送特性
0李永峰、金子俊郎、西垣昭平、畠山力三 74 

1P・25 Embedding of Carbon Nanotubes on Silicon substrates for use in Solar Cells 
OAbhishek Kumar、NikhilDhawan 75 

1P聞26 12相交流アーク放電法によるシングルウオールカーボンナノチューブの合成
0松浦次雄、近藤幸江、真木教雄、井藤有美、松本和憲、田村奈美子、平祐樹、江原遼 76

1P-27 カーボンナノチューブ端の電子状態と分子動力学シミュレーション
0坂下浩史、小田竜樹、藤間信久 77 

1P圃28 カーボンナノチューブにおける朝永ラッテインジャー液体から超伝導相への相転移の観察
0松平将治、春山純志、村田尚義、八木優子、ErikEinarsson、丸山茂夫、菅井俊樹、篠原久典

1P-29 ナノチューブ表面の局所変形を利用したカルベン化学修飾の協同現象
0湯村尚史、MiklosKertesz 

金属内包フラーレン
1P圃30 Ce2@C78およびそのケイ素化体における内包金属原子の配向
0山田道夫、若原孝次、土屋敬広、前回優、赤阪健、与座健治、溝日木直美、永瀬茂

1P圃31 スカンジウムカーバイド内包フラーレンの13CNMR研究

78 

79 

80 

0山崎裕子、中嶋康二、若原孝次、土屋敬広、前回優、赤阪健、MarkusWaelchli、i薄日木直美、永瀬茂 81 

1P-32 La@C問とシクロベンタジエン誘導体の反応
0佐藤悟、前回優、稲田浩司、山田道夫、土屋敬広、石塚みどり、長谷川正、赤阪健、加藤立久、溝日木直美、永瀬
茂 82

1P-33 STM探針からの電子注入による金属内包フラーレンCe2@CSOの重合反応
0大橋一範、福井信志、赤地祐彦、赤地孝夫、梅本久、伊藤靖浩、菅井俊樹、北浦良、篠原久典 83 

1P-34 金属内包フラーレンSC3N@C70;f13対安定性
0鄭紅、徐謙、超刻 84 

1P-35 エルピウム金属カーバイド内包フラーレン(ErzCz)@CZnの蛍光特'性におけるケージサイズ依存性
0赤地祐彦、伊藤靖浩、岡崎俊也、大野雄高、水谷孝、北浦良、菅井俊樹、篠原久典 85 

内包ナノチューブ
1P-36 収差補正電子顕微鏡によるフラーレンの配向決定
0佐藤雄太、末永和知、大窪清吾、岡崎俊也、飯島澄男 86 

1P-37 金属酸化物によるコーテイングBNナノチューブの新合成法
OYang Huang、板東義雄、ChengchunTang、ChunyiZhi、寺尾剛、DmitriGolberg 

1P・38 単層カーボンナノチューブ内へのポリインの吸蔵量解析
0村上哲史、若林知成

1P-39 in-situ X線回折法によるナノピーポッド生成反応の追跡
0加藤祐子、北浦良、青柳忍、西堀英治、伊藤靖浩、坂田誠、篠原久典

1P-40 ナノテンプレート反応による金属ナノワイヤー内包カーボンナノチューブの創製
0今津車樹、北浦良、小林慶太、篠原久典

Vl 
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3月3日(月)

lP-41 高充填銅ナノワイヤー内包カーボンナノチューブ形成条件の最適化
0小塩明、水野直樹、鬼頭大信、小海丈夫

lP開42 塩化エルビウムナノワイヤーを内包したカーボンナノチューブの合成と評価
0小川大輔、北浦良、小林慶太、斎藤毅、大島哲、篠原久典

lP-43 カーボンナノチューブ内部での触媒金属からの単層カーボンナノチューブ生成
0伊豆好史、塩見淳一郎、丸山茂夫

91 

92 

93 

ナノホーン

lP-44 SWNH as an Effective Delivery System for Macromolecule Anti-cancer Drugs 
OXu Jianxun、YudasakaMasako、ZhangMinfang、IijimaSumio 

lP-45 カーボンナノホーンの内部に閉じ込められた酸化ガドリニウム
0弓削亮太、湯田坂雅子、市橋鋭也、宮脇仁、吉武務、飯島澄男

lP-46 ナノホーンで作製したベレットの電気抵抗率の圧縮圧力効果
0福永雄平、原田学、坂東俊治、飯島澄男

94 

95 

96 

lP-47 ZnPc一ナノホーンー蛋白質ナノハイブリッドを用いた光線力学治療のモウスモデル評価
0張民芳、湯田坂雅子、村上達也、安鴎久美子、サンダナヤカ、伊藤攻、土田邦博、飯島澄男 97 

lP-48 触媒層形成法と導電性材料提合による直接メタノール型燃料電池性能への影響
0和泉勇毅、篠原賢司、山本真伸、桶真一郎、滝川浩史、榊原敏洋、菅原秀一、青柳仲宜、大川隆、吉川和男、三浦
光治、伊藤茂生、山浦辰雄 98 

lP-49 加熱によるナノホーンの孔の開閉
ファンジン、O湯田坂雅子、宮脇仁、弓削亮太、河合孝純、飯島澄男 99 

lP-50 カーボンナノホーンの静脈内投与毒性
宮脇仁、O湯田坂雅子、張民芳、飯烏澄男 ハ

り
ハ
リー
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特別講演(9: 00-9 : 30) 

3月4日(火)

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、ユ一 発表1分・質疑応答なし

2S-3 Applications of Nanodiamond Hydrogels Toward Biology and Medicine 
Houjin Huang、ErikPierstorff， Eiji Osawa、andODean Ho 

一般講演(9: 30-10 : 30) 

金属内包フラーレン

3 

2-1 アルカンチオール自己組織化単分子膜上のLu@C犯におけるトンネル分光マッピング
0安武裕輔、河野馨士朗、小林昇洋、岩本全央、梅本久、伊藤靖浩、沖本治哉、篠原久典、真島豊 27 

2・2 Lu内包フラーレンにおける電荷移動量の推定
0宮崎隆文、隅井良平、梅本久、沖本治哉、菅井俊樹、篠原久典、日野照純 28 

2・3 Pr2@CSOとLaPr@Csoの13CNMRの石iJf究
0伊藤学、長岡志保、児玉健、三宅洋子、鈴木信三、菊地耕一、阿知波洋次 29 

2-4 金属カーバイド内包フラーレンSCZC2@CS2(C2V)の構造
0中嶋康二、山崎裕子、若原孝次、土屋敬広、前回優、赤阪健、MarkusWaelchli、与座健治、溝呂木直美、永瀬茂 30 

育大1たす才女休憩 ( 1 0 : 30-1 0 : 45) 古才女史才女

一般講演(10: 45-11 : 45) 

フラーレン固体とフラーレンの化学

2-5 フラーレン成長における原子状炭素挿入反応の発見
0尾形照彦、三重野哲、紫尾雄岳、畳谷仁男

2-6 Chemical modification on a non-IPR metallofullerene: La2@C72 
OXing Lu、二川秀史、土屋敬広、前田優、赤阪健、溝日木直美、永瀬茂

2・7 水素分子内包Cωの物理物性
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、淳博、小i賓芳允、泉i畢徹、阿竹徹

2・8 二次元Cωポリマーの圧力誘起構造相転移
0山上雄一郎、斎藤晋

ヲなす1rtr'iなす昼食 (11 : 45-13 : 00) 交交交交交す

交交交交交交 授賞式 (13 : 00-13 : 30) 交交交交交す

特別講演(13: 30-14 : 00) 

2S-4 放射光粉末回折データの系統的解析に碁づく金属内包フラーレンの構造
0西堀英治

一般講演(14: 00-15 : 00) 

内包ナノチューブ・ナノホーン

2-9 ナノメートルサイズの空孔を通過する単一炭化水素鎖の画像化
0田中隆嗣、越野雅至、ソリン・ニクラス、磯部寛之、中村栄一

2-10 Pd内包カーボンナノチューブの合成とプローブ顕微鏡探針への応用

31 

32 

33 

34 

4 

35 

0坂本友和、郎建超、田仲圭、吉村雅満、上回一之 36 

2・11 共鳴ラマンおよび光学発光分光によるポリイン分子の電子構造
0若林知成 37 

2-12 アミノ基で連結したカーボンナノホーンとポルフイリンの光誘起電荷分離過程
0伊藤攻、アツーラサンダナヤカ、荒木保幸、田中隆嗣、磯部寛之、中村栄一、湯田坂雅子、飯島澄男 38 

す交交'*北大休憩、 (15:00-15 : 15) 交交交育大古
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一般講演(15: 1ト16: 00) 

ナノ炭素科学

3月48(火)

2・13 グラフェンナノリボンのノンコリニア磁気相図
Oi幸田啓介、石井史之、斎藤峯雄、岡田晋、河合孝純 39 

2・14 フラーレン煤の熱処理とランタンカーバイドを内包した多重カーボンナノカプセルの生成
0山本和典、若原孝次、赤阪健 40 

2-15 単分散ー桁ナノダイヤモンドを結晶成長核とするCVDダイヤモンド薄膜(l)種付け手法の予備検討
0稲葉智雄、多羅尾隆、川部雅章、OliverA. Williams、大津映二 41 

ポスタープレビュー(16: 00-17 : 00) 
ポスターセッション(17: 00-18 : 20) 

ナノチューブの生成と精製
2P-1 高真空中アルコールガスソース法による単層カーボンナノチューブ成長への酸化アルミニウムバッファ層の影響
0白岩倫行、沼尾茂悟、大石修、西信之、丸山隆浩、成塚重弥 101 

2P-2 金属触媒を担持したゼオライトを用いて合成した単層カーボンナノチューブの分散と分離
0橋本正博、前回優、長谷川正、神田信、土屋敬広、若原孝次、赤阪健、宮内雄平、丸山茂夫、JingLu、永瀬茂 102 

2P-3 密度勾配遠心分離法において金属・半導体カーボンナノチューブ、に付着した界面活性剤・密度勾配剤の除去法
0柳和宏、宮田耕充、佐藤雄太、劉i略、末永和知、石田敬雄、片浦弘道 103 

2P-4 テレセントリック光学システムを用いた垂直配向CNTフォレストの成長の制御と評価
0保田諭、二葉ドン、湯村守雄、飯島澄男、畠賢治 104 

2P-5 FT-IRによるアルコールCVDのガス分析
0島津智寛、鈴木義信、大島久純、丸山茂夫 105 

2P-6 MgO基板上への2層および、3層カーボンナノチューブの成長
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 106 

2P-7 両親媒性オリゴペプチドを利用したカーボンナノチューブの精製
0増原真也、山本淳、三浦陽介、前田寧、小野慎 107 

2P-8 Toward Single Structure of SWNTs: Simultaneous Enrichment in (n.m) and the Optical Purity of SWNTs 
through Extraction with Carbazole-Bridged Chiral Diporphyrin Nanotweezers 
OXiaobin Peng、NaokiKomatsu、TakahideKimura、AtsuhiroOsuka 108 

2P-9 ACCVD法での白金触媒を使った細い直径を持つSWNTs生成に及ぼす炭素供給量の影響
0浦田圭輔、鈴木信三、長i幸浩、阿知波洋次 109 

2P幽10 レーザ蒸発法による選択的金属単層カーボンナノチューブの合成
0鶴岡泰広、阿知波洋次 110 

2P-ll アーク放電法によるSWCNT薄膜の作製
0李振華、j王華鋒、井上栄、安藤義則 111 

ナノチューブの応用
2P-12 Nitrogen and oxygen plasma functionalization of carbon nanotubes for photovoltaic device application 
OGolap Kalita、SudipAdhikari、HareRam Aryal、RakeshAfre、TetsuoSoga、MaheshwarSharon、MasayoshiUmeno 112 

2P-13 アルカリハロゲンプラズマイオン照射によるナノpn接合ダ、イオードの形成
。宍戸淳、加藤俊顕、大原i度、畠山力三、田路和幸 113 

2P-14 カーボンナノチューブ'UV硬化性樹脂複合体の特性とナノインプリントによるパターンニング
0藤ヶ谷剛彦、福丸貴弘、中嶋直敏 114 

2P-15 開口処理による単層カーボンナノチューブの比表面積の増加と電気化学キャパシタンスの改善
0イザ、デイナジャブアバディアリ、畠賢治、平岡樹、山田健郎、二葉ドン、保田諭、棚池修、羽鳥浩章、湯村守
雄、飯島澄男 115 

2P-16 SWCNTとフラーレンから作成した光起電力セル
0倉本竜典、新井徹、信園真吾、下手義和、森口哲次 116 

2P園17 片持ち梁ナノチューブの高感度な光学的振動検出
0深見瞬、秋田成司

2P・18 Density increase of well-dispersed single-walled carbon nanotubes by laser trapping 
OThomas Rodgers、SatoruShoji、SatoshiKawata 

2P・19 カーボンナノチューブに吸着した耐熱性タンパク質へのマイクロ波の影響
0堀口拓一、佐野正人

lX 
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3月4日(火)

2P剛20 CNT田FETバイオセンサー感度の絶縁膜膜厚依存性
0阿部益宏、村田克之、安宅龍明、松本和彦 120 

2P-21 表面修飾したSWCNTsのFET特性
0熊代良太郎、小松直也、斎藤達也、赤阪健、前回優、小林長夫、谷垣勝己 121 

ナノチューブの物性

2P-22 グラフェンアドアトムとその集合体の原子構造
0橋知史、斎藤峯雄 122 

2P-23 単層カーボンナノチューブの励起子における環境効果
0佐藤健太郎、斎藤理一郎、JieJiang、GeneDresselhaus、MildredS. Dresselhaus 123 

2P-24 ポリフルオレンで、選択的に孤立分散した半導体カーボンナノチューブ、のドーピング過程と吸収・発光スペクトル変化
0南信次、二見能資、カザ、ウイ・サイ 124 

2P圃25 走査型ゲート顕微鏡を用いたカーボ、ンナノチューブ電界効果型トランジスタの振動ゲートに対する応答
0畑晃輔、中山善高、秋田成司 125 

2P-26 単層カーボンナノチューブにおける3次非線形光学応答と位相緩和時間
0市田正夫、清原由美江、斎藤伸吾、宮田耕充、片浦弘道、安藤弘明 126 

2P-27 マルチパックゲートのカーボンナノチューブ2重接合型量子ドットの制御
0水野智行、牧英之、鈴木哲、小林慶裕、佐藤徹哉 127 

2P-28 Siナノチューブの物質設計:新しい多層ナノチューブ
0岡田晋 128 

2P-29 多層カーボンナノチューブのラマンスペクトルに及ぼす直径の影響
0二井裕之、住山芳行、中川浜三、園重敦弘 129 

2P-30 金属および半導体単層カーボンナノチューブの共鳴ラマン分光
0宮田耕充、柳和宏、真庭豊、片浦弘道 130 

金属内包フラーレン

2P-31 フェニルクロロジアジリンを用いたLa@C82とLaz@C80の化学修飾
0榎春香、石塚みどり、土屋敬広、赤阪健、ZdenekSlanina、MichaelT. H. Liu、溝日木直美、永瀬茂 131 

2P幽32 フラーレンへのナイトレンの環状付加と分子内転位
0岡田光了、仲程司、森田弘之、吉村敏章、石塚みどり、土屋敬広、前回優、藤原尚、赤阪健、XingfaGao、永瀬茂 132 

2P-33 Li内包[60JフラーレンのHPLC精製
0酒井健、岡田洋史、山下冬子、表研次、笠間泰彦、横尾邦義、小野昭一、飛田博実、畠山力三、都田昌之 133 

2P-34 内包されたSCzCz部位を導線構造としたSCZCZ@C84の電気伝導特性。第一原理計算による解析
0臼井信志、井上鑑孝 134 

2P-35 N@Cωの光物性
0二川秀史、松永洋一郎、赤阪健、加藤立久、荒木保幸、伊藤攻、阿多誠文、Klaus-PeterDinse 135 

2P-36 窒素原子内包フラーレンの高純度合成
0西垣昭平、金子俊郎、畠山力三 136 

炭素ナノ粒子

2P-37 多価イオンを利用した、原子1層グラフェンの同定
0宮本良之、HongZhang 137 

2P・38 炭化フェリチン作製における処理温度の影響
富永昌人、O宮原勝也、中尾航大、谷口功 138 

2P・39 塩素終端ポリイン:生成およびキャラクタリゼーション
0和田資子、若林知成 139 

2P-40 ポリインのラマンスベクトルにおける共鳴効果
0阿弥曜平、若林知成 140 

2P-41 アセトニトリル中におけるグラファイトのレーザーアプレーションにより生成するシアノポリイン
0長谷場誉樹、樫原良彦、若林知成 141 

2P-42 液体窒素中におけるグラファイトのレーザーアプレーションにより生成するジシアノポリイン
0樫原良彦、長谷場誉樹、若林知成 142 

X 



3月4日(火)

フラーレンのイヒ学
2P-43 フレロイドおよびメタノフラーレンと各種ジエンとのDiels-Alder反応における速度論的研究
0周参見恭範、北村啓、小久保研、大島巧

2P-44 s カロテン退色法を用いる水溶性フラーレン誘導体と天然抗酸化物の抗酸化能評価
0都賀谷京子、後藤忠示、小久保研、青島央江、大島巧

2P-45 ITO電極上における [70Jフラーレン誘導体の光電気化学特性
。一木孝彦、松尾豊、中村栄一

2P-46 フラーレンコバルトジチオレン錯体の合成と物性
0丸山優史、松尾豊、中村栄一

2P-47 フラーレンと芳香族化合物のヒドロアリール化と続くFriedel-Craftsアセチル化反応
0遠近真矢、醇維依、加藤万依、小久保研、大島巧

2P-48 フラーレン二重膜ベシクルの表面化学修飾と水透過性の制御
0本間達也、原野幸治、磯部寛之、中村栄一

2P-49 フラーレン水溶液の一重項酸素発生効率と光!照射による細胞毒性
0飯泉陽子、岡崎俊也、張民芳、湯田坂雅子、飯島澄男

2P-50 銅触媒下で、のHuis只en付加環化反応を用いたフラーレンー糖複合体の合成
0張家銘、ソリンニクラス、ウェルツダニエル、磯部寛之、シーパーガーピータ一、中村栄一
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特別講演(9: 00-9 : 30) 

3月5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、ユ一 発表1分・質疑応答なし

38-5 Chemical Modification of Carbon Nanohorns 
ONikos Tagmatarchis 

一般講演(9:30-10 : 30) 

ナノチューブの生成と精製
3・1 きわめて細い直径をもっ単層カーボンナノチューブの共鳴ラマン

5 

0阿知波洋次、鶴岡泰広、浦田圭輔 42 

3・2 金触媒における炭素材料の成長機構
0高木大輔、小林慶裕、日比野浩樹、鈴木哲、本間芳和 43 

3・3 ACCVDによる垂直配向SWNT合成のアセチレンを用いた増進
0項栄、大川潤、張正宜、ErikEinarsson、宮内雄平、村上陽一、丸山茂夫 44 

3-4 新規炭素構造体の発見:自己組織的に形成された多層グラフェンと配向ナノチューブの複合構造
0近藤大雄、佐藤信太郎、川端章夫、粟野祐二 45 

τな1たす交交官休憩 (10 : 30-10 : 45) 交交交交交交

特別講演(1 0 : 45-11 : 15) 

38・6 フラーレン金属錯体の電子的・光電気化学的機能
0松尾豊

一般講演(11: 15-12 : 15) 

ナノチューブの精製と応用

3-5 酸化における2層カーボンナノチューブの安定性
0吉田宏道、菅井俊樹、篠原久典

3・6 ゲル電気泳動による単層カーボンナノチューブの金属・半導体分離
0田中丈士、金赫華、宮田耕充、片浦弘道

3・7 カーボンナノチューブーpolybenzimidazole複合体の新機能開発
0岡本稔、藤ヶ谷剛彦、中嶋直敏

3・8 化学機械研磨により内層を利用した低温成長CNTピアの抵抗値の低減
0石丸研太郎、横山大輔、岩崎孝之、佐藤信太郎、百島孝、二瓶瑞久、粟野祐二、川原田洋

古今"*ヲたすす古 昼 食 (12 : 15-1 3 : 30) すす交交交す

特別講演(13: 30-14 : 00) 

38・7 NECのナノテクノロジー研究への取り組み
O田原修一

ポスタープレビュー(14: 00-15 : 00) 
ポスターセッション(15: 00-16 : 20) 

ナノチューブの生成と精製
3P・1 低圧力気相化学成長法による単層カーボンナノチューブの低温度成長特性
0吉田寛、浅倉理啓、渡部秀、塩川高雄、石橋幸治

3P圃2 単層カーボンナノチューブの長い成長持続時間に有効な触媒径
0内田貴司、酒井裕司、山寄明、小林慶裕

3P-3 反射高速電子回折によるカーボンナノチューブの化学気相成長過程の研究
0永津秀俊、安坂幸師、中原仁、斎藤弥八

3P-4 デイツプコートした(Fe、Co)Mo触媒によるカーボンナノチューブの化学気栢成長
0石塚大祐、柳井貴幸、奥山博基、内田勝美、岩田展幸、矢島博文、山本寛
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3月5日(水)

3P-S 密度勾配超遠心法による二層カーボンナノチューブの分離
0伊奈真吾、柳和宏、宮田耕充、真庭豊、片浦弘道

3P・6 垂直配向単層カーボンナノチューブ高速成長のその場観察及び速度解析
0長谷川馨、野田優、丸山茂夫、山口由岐夫

3P-7 カーボンナノチューブ高速成長の鍵:エチレンの気相熱分解
0伊藤龍平、野田優、大沢利男、丸山茂夫、山口由岐夫

3P-8 両親媒性オリゴペプチドのカーボンナノチューブとの相互作用
0小野慎、山本淳、増原真也、三浦陽介、前田寧、日高貴志夫、宮本博光

3P-9 高密度触媒微粒子による垂直長尺カーボンナノチューブ成長
0加藤良吾、真木翼、岩崎孝之、川原田洋

3P・10 デイツプコートした(Fe、Co)Pt触媒によるカーボンナノチューブの化学気相成長
0園村拓也、石塚大祐、奥山博基、岩田展幸、山本寛

3P・11 ACCVD1.去による垂直配向カーボンナノチューブ合成におけるエタノール流量の影響

155 

156 

157 

158 

159 

160 

0大川潤、シャンロン、丸山茂夫 161 

3P-12 界面処理をしたゼオライトを用いた触媒担持化学的気相成長法による極めて細い単層カーボンナノチューブの成長
0小林慶太、北浦良、篠原久典 162 

ナノチューブの応用

3P・13 カーボンナノチューブ量子ドットのテラヘルツ量子応答
0豊川聖子、布施智子、河野行雄、山口智弘、石橋幸治 163 

3P-14 耐熱性キチナーゼによる単層カーボンナノチューブの分散
0田中丈士、朴恵卿、金赫華、今中忠行、片浦弘道 164 

3P-1S GaAs/ A1GaAs2次元電子ガス基板上に作製したカーボンナノチューブ単電子トランジスタ
0巻幡光俊、森貴洋、山口智弘、青柳克信、石橋幸治 165 

3P-16 酸性化に基づく単層カーボンナノチューブの酸化に対するカルボキシメチルセルロース被覆の抑制効果
0石井亨、内田勝美、石井忠浩、矢島博文 166 

3P-17 光学顕微鏡下におけるマイクロ流体チップ内でのカーボンナノチューブの操作と観察
0猪股直生、山西陽子、新井史人 167 

3P圃18 二層カーボンナノチューブの精製と物理化学的特性に関する研究
0前田範子、内田勝美、石井忠浩、矢島博文 168 

3P-19 ランダムネットワークSWNT-FETにおける中性Arピーム照射の効果
0佐藤俊介、森貴洋、大村一夫、石橋幸治 169 

3P-20 負電荷を付加したカーボンナノチューブにおけるイオン透過機構の理論的解析
0炭竃享司、斉藤真司、大峰巌 170 

ナノチューブの物性

3P-21 SWNTの低エネルギー照射損傷の回復過程
0山谷憲司、鈴木哲、本間芳和、小林慶裕 171 

3P-22 FH-arc放電法によるSWNTsの合成およびラマン分光評価
0陳ベイベイ、井上栄、橋本剛、安藤義則 172 

3P-23 単層カーボンナノチューブを介した長距離電子伝達系
0斎藤毅、松浦宏治、大嶋哲、大森滋和、湯村守雄、飯島澄男 173 

3P幽24 SEM画像による多層カーボンナノチューブの直径評価
OJlI元亨、中川浜三、村中隆、園重敦弘、住山芳行 174 

3P-2S 高フォトンフルーエンスにおけるカーボンナノチューブヨ冶らの蛍光飽和挙動:モット濃度近傍で、の励起子消滅
0村上楊一、河野淳一郎 175 

3P帽26 カーボン13ナノチューブの成長と評価
0山崎信之、橋場亮、大家学、落合勇一、山口智弘、石橋幸治

3P-27 垂直配向カーボンナノチューブの偏光ラマン分光
0張正宜、宮内雄平、エリックエイナルソン、丸山茂夫

3P-28 分子動力学法による単層カーボンナノチューブにおけるフォノン緩和
0西村峰鷹、塩見淳一郎、丸山茂夫

3P-29 原子間力顕微鏡によるパリスティック伝導時のSWNT表面電位評価
0宮戸祐治、小林圭、松重和美、山田啓文
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3月5日(水)

3P-30 ナノピーポッドから作製した2層カーボンナノチューブのラマン散乱:発光スペクトルとの比較
0鄭i享吉、岡崎俊也、岸直希、中西毅、坂東俊治、ZujinShi、飯島澄男 180 

その他

3P-31 カーボンナノチューブ合成基板表面上での細胞挙動
富永昌人、O永石祥一朗、吉坂菜希紗、熊谷エツ子、原田信志、谷口功 181 

3P-32 SiC表面分解法による廃棄物SiC粉末からのCNT粉末の合成
0森下敬之、市川明博、山本元弘、笹井亮、楠美智子 182 

3P-33 リチウムイオン二次電池負極材としてのカーボンナノウオール
0北田典央、吉村博史、棚池修、小林健一、小島謙一、橘勝 183 

3P圃34 膨潤化による薄層グラファイトの作製
0平郡論、木全希、小林本，忠 184 

3P-3S 扇平化カーボンナノコイルとフィールドエミッタへの応用
0篠原雄一郎、細川雄治、横田真志、桶真一郎、滝川浩史、藤村洋平、山浦辰雄、伊藤茂生、三浦光治、吉川和男、
伊奈孝、岡田文男 185 

3P・36 チタン電極に接合した電界下グラフェン薄膜の第一原理電子状態計算
0大淵真理、伊藤正勝 186 

3P-37 カーボンナノチューブと龍状炭素から成る多孔質炭素の合成
0坂本雄司、猪俣克也、大竹芳信 187 

3P聞38 フラーレンおよびフラーレン誘導体の抗菌活性
0青島央江、小久保研、白川期吾、伊藤雅之、山名修一、大鳥巧 188 

フラーレン生成・高次フラーレン
3P・39 アステロイド衝突の爆発反応による炭素クラスター合成(モデル実験)
0三重野哲、長谷川直 189 

3P-40 原子空孔を持つフラーレンのエネルギー論と電子状態
0岡田晋 190 

フラーレン固体
3P-41 電子デバイス用C削薄膜のモルフォロジー
0相模寛之、大泉蕃菜、才田守彦、表研次、溝淵裕三、笠間泰彦、横尾邦義、小野昭一、大東弘二、古賀啓子、古川
猛夫 191 

3P-42 ヘリウムをインターカレートしたC州国体の高圧下の構造
0川崎晋司、原武司、金森祐輔、岩田篤志 192 

3P-43 Cωを分散させたポーラスカーボンの電気二重層キャパシタ容量
0森俊介、川下雄大、川崎晋司 193 

3P-44 光・電子線照射Cωの電気伝導特性
0千葉康人、都司一、上野岬、青木伸之、尾上)11夏、落合勇一 194 

3P-4S 水素化によるフラーレン材料のホール輸送特性の改良:Cω凡に関する理論的研究
0徳永健、JlI畑弘、松重和美 195 

3P-46 可溶性n型半導体C60MC12を用いた有機TFTの作製評価
。坂口幸一、近松真之、板倉篤志、吉田郵司、阿澄玲子、八瀬清志、 196 

3P-47 可溶性C叩誘導体を用いた高性能n型有機薄膜トランジスタ
0近松真之、板倉篤志、坂口幸一、吉田郵司、阿澄玲子、八瀬清志

3P・48 GPaオーダーで圧縮したC"圧粉体への自由電子レーザー照射効果
0岩田展幸、安藤慎悟、野苅家亮、飯尾靖也、山本寛

3P-49 溶液中で、のC6C結晶成長とC60圧粉体への自由電子レーザー照射効果
0飯尾靖也、安藤慎悟、野苅家亮、岩田展幸、山本寛

3P-SO 超伝導相ナトリウム添加フラーレン化合物NaxC60の磁気的性質
0木全希、平郡諭、小林本忠
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民1arch3rd，九10nday

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

Special lecture (9 : 00・9:30) 
1S-1 In silico catalyst d巴signfor fuel cells 

o Yasuharu Okamoto 

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

1・1 Phonon soft巴ningeffect on Raman G-band spectra of metallic single wall carbon nanotubes 

ORuchiro Saito， Ken'ichi Sasaki， Kentaro Sato， Jin Sung Aαrk 

1・2 Electroabsorption sp巳ctroscopyin single wal1 carbon nanotubes 

9 

OHideo Kishida， Yoshiaki Nagasawa， Sadanobu lmamura， Arao Nakamura 10 

1・3 Photoluminescence brightening through th巴directtransition from isolated to bundled freestanding single-walled 

carbon nanotubes 

OToshiaki Kato， Rikizo Hatakeyamα 11  

1-4 Multiexciton recombinations and exciton fine structures studied by a singl巴carbonnanotube photoluminescence 

spectroscopy 

OK，αzunari Matsuda， Tadashi lnoue， Yoichi Murakami， Shigeo Maruyama， and }加hihikoKanemitsu 

すす交交育大 CoffeeBreak (10 : 30・10:45)古才女古育大

Generallecture (10 : 45・11: 45) 

Properties of Nanotubes 

1・5 Optical and electrical properties of semiconducting SWNT extract巴dusing polyfluorene 

OS. Kazaoui， N. lzard， K. Hata， T Okazaki， T Saito， Y. Sato， K. Suenaga， Y. Futami， N. Minami 

1-6 Three dimensional effects in th巴boron-dopedcarbon nanotubes 

12 

13 

OTakashi Koretsune， Susumu Saito 14 

1-7 Conductivity Enhancement of Boron-Dop巴dMWNTs Synthesized from Methanol Solution Containing Boric Acid 

OSatoshi Ishii， Tohru肋 ta削除，Shunsuke Tsuda， Takahide Yamaguchi， Yoshihiko Takano 15 

1・8 Recent progress of study of carbon-nanotube sup巳rconductivity

OJunji Haruyama， Shigeo Maruyama， Hisanori Shinohara 16 

すすす交交古 LunchTime (11 : 45-13 : 00)寸大育大寸大

Speciallecture (13 : 00・13: 30) 
1S-2 Carbon nanotube LSI via int巴rconnects

OYuji Awano 

General lectur引13: 30-14 : 45) 
Properties of Nanotubes 

1-9 Local electronic structure of a carbon nanotube on metal surface 

2 

OYousoo Kim， Hyung-Joon Shin， Sylvain Clair， Maki Kawai 17 

1・10 Long-ranged bandgap modulation of SWCNT on Ag (100) 

OHyung-Joon Shin， Sylvain Clair， ゐusooKim， Maki Kawai 18 

1・11 First Principles Calculations for Electronic Properties of Diffusing Oxygen Atoms on the Surface of Graphene and 

Nanotubes 

OTakazumi K，ωvai， YoshかukiMiyamoto 19 

1・12 Field Emission Prop巴rtiesof Single-Walled Carbon Nanotubes with a Variety of Emitter-Morphologies 

0ωuke Shiratori， Koji FUI・uichi，Suguru Noda， Hisashi Sugime， Yoshiko Tsuji， Zhengyi Zhang， Shigeo Maruyama， 
Yukio Yamaguchi 20 

1-13 Magnetoresistance of the Metallic Nanotubes observed by Contactless Method 

o Yugo Oshima， Hirotaka Suzuki， }匂shihirηlwasa，Hiroyuki Nojiri 

xv 
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九1arch3rd， Monday 

*ヲなすす交交 CoffeeBreak (14 : 45・15: 00)才女すすすす

Generallecture (15 : 00・16:15) 

Properties of Nanotubes 

1・14 Influence of surrounding materials on heat conduction of carbon nanotub巴s:Mol巴culardynamics simulations 

OJunichiro Shiomi， Shigeo Maruyama 22 

1-15 Specific Surfac巴AreaMeasurement for Purity and SWNT Selectivity Analysis 

ODon N. Futaba， Jundai Gotou， Takeoぬmada，Satoshi Yasuda， Motoo Yumura， Sumio Iijima and Kenji Hata 23 

1・16 Chirality Dependence on Destabilizing Agents Added to CMC-stabilized Carbon Nanotube Dispersions 

OHiroshi Saito， Masahito Sano 

1・17 Electrochemical and Diameter-selective Cutting of Carbon Nanotubes 

OShigekazu Ohmori， Takeshi Sαito， Satoshi Ohshirrω， Motoo Yumura， Sumio Iijima 

1・18 Bending deformation of carbon nanotubes caused by a five-seven pair couple defect 

OKei~匂ko， Tatsuki Oda， Masaru Tachibana， Kenichi Kojima 

Poster Preview(16 : 15-17: 15) 

Poster Session (17 : 15・18: 35) 

Formation and Purification of Nanotubes 

lP-l Growth of Carbon Nanotubes by Carbon Transmission Method 

OTakeshi Hikata， Kazuhiko Hayashi， Tomoyuki Mizukoshi， Yoshiaki Sakurai， Itsuo Ishigami， Takaaki Aoki， Toshio 

24 

25 

26 

Seki， Jiro Matsuo 51 

lP-2 Synthesis of Radially-Aligned Carbon Nanotub巴Powderby SiC Surface D巴compositionMethod 

OKazuoゐshikawa，Motohiro Yamamoto， Michiko Kusunoki 52 

lP-3 Photoluminescence of mono-dispersed single悶wall巴dcarbon nanotubes made by using arc-buming method in 

nitrogen gas atmosphere 

OTa知的iMizusawa， Shinzo Suzuki， Toshiya Okazaki， Yohji Achiba 53 

lP-4 Production of SWNTs by Las巳rAblation and ACCVD 

OShin-ichi Kodama， Atsushi Ikeda， Yuki Masuo， Tetsushi Murakami， Tomonari ~匂知的yashi 54 

lP-5 Synthesis and Applications of Nov巴1Vanadium Oxide Nanotubes 

OAbhishek Kumar， Nikhil Dhawan 55 

lP-6 Time Dependenc巴ofCarbon Nanotube Growth by Gas Source Method using Alcohol in High Vacuum 

OKenji Tanioku， Tomoyuki Shiraiwa， Takahiro Maruyama， Shigeya Naritsuka 56 

lP-7 Pattemed growth of CNTs through AFM nano-lithography 

OChien-Chao Chiu， Masamichi Yoshimura， Kazuyuki Ueda 57 

lP-8 A Study on Chirality-Selectivity of Metal Catalyst Particles in CNT Synthesis by Alcohol-CCVD 

OShogo Suzuki， Hideki Sato， Koichi Hata， Kazuo Kcり・iwara 58 

lP-9 TEM observetion of Carbon Nanotube Pattem fabricated on SiC (000-1) using Ta mask 

OYoko Hozumi， Yo Yamamoto， Midori Mori， Takahiro Maruyama， Shigeya Naritsuka， Michiko Kusunoki 59 

lP-10 Growth mechanism of carbon nanotubes over gold-supported catalysts 

ONaoki Yoshihara， Hiroki Ago， M，ωaharu Tsuji 

九1iscellaneous
lP-ll G' band Raman Spectrum of Single， Double， and Triple Lay巴rGraphene 

60 

OJin Sung Park， Alfonso Reina Cecco， Riichiro S，αito， Jing Kong， Gene Dressselhaus， and Mildred S. Dresselhaus 61 

Applications of Nanotubes 

lP-12 Irピlu巴nceof Cathode国AnodeDistance on Field Emission Properties for Bulky CNT Emitters 

OHuarong Liu， Shigeki Kato， Yahachi Saito 62 
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OHaruo Kato， Michiko Kusunoki， Shigeyuki Sugimoto， Kunihiro Sugihara， Noriyoshi Shibata 63 

lP-14 In-situ observation of welding process of a muti-walled carbon nanotub巴tometal surface 
OKoj目iAsaka， Hitoshi Nakahara，均hachiSaito 64 
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ONobuo肋kamatsu，Hisayoshi Takan:ωri， Tsuyohiko Fu，・igaya，Naotoshi Nakashima 65 
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1P・16 Investigation of Methane Adsorption on MWNTs Using Field Emission Microscopy (FEM) 

o Tetsuya均mashita，Koji Asaka， Hitoshi Nakahara， Yahachi Saito 
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OTsukasa Akasaka， Atsuro Yokoyama， Makoto Matsuoka， Shigeaki Abe， Motohiro Uo， Yoshinori Sato， Kazuy叫 iTohji， 

66 

Takeshi Hashimoto， Fumio H匂~ ~ 

1P-18 In situ TEM study on field巴missionproperty of an isolated CNT 

OKensuke Okumura， Koji Asaka，均hachiSaito 68 

1P-19 Fabrication Process of Carbon Nanotube FETs Using ALD Passivation for Biosensors 

01匂suhiroNa知shima，Yutaka Ohno， Shigeru Kishimoto， Mina Okochi， Hiroyuki Honda， Ta知的iMizutani 69 

1P-20 Electron Optical Evaluation of Carbon Nanotube Field-Emitt巴r
OTakumi Kono， Koji Asaka， Hitoshi Nakahara， Yahachi Saito 70 

Properties of Nanotubes 

1P-21 Studying the Same-Handedness in Double-Walled Carbon Nanotubes Using the Disp巴rsion-AugmentedDensity 

Functional Tight Binding Method 

OStephan Irle， Raviprasad Krishnamurthy， Keiji Morokuma 71 
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OKen-ichi Sasaki， Masahiro Suzuki， Riichiro Saito， Seiichiro Onari， Yukio Tanaka 
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o Y. F. Li， T. Kaneko， S， Nishigaki， and R. Hatakeyama 
1P・2S Embedding of Carbon Nanotubes on Silicon substrates for us巴inSolar Cells 

73 

74 

OAbhishek Kumar， Nikhil Dhawan 75 
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OHirψtmi Sakashita， Tatsuki Oda， Nobuhisa Fujima 77 
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Sugai， Hisanori Shinohar，α78  
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lP-39 Direct Observation on Formation Proc巴ssof Nanopeapods by in-situ X-ray diffraction Measur巴ments。YukoKato， Ryo Kitaura， Shinobu Aoyagi， Eiji Nishibori，ぬsuhiroIto， Makoto Sakata， Hisanori Shinohara 89 

lP-40 Fabrication of Metal-Nanowire in Carbon Nanotube Via Nano-Template Reaction 
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Speciallecture:25 min (Presentation) + 5 min (discussion) 
Generallecture: 10 min (Presentation) + 5 min (discussion) 
Poster preview: 1 min (Presentation)， no discussion 

Speciallecture (9 : 00・9:30) 
2S・3 Applications of Nanodiamond Hydrog巴lsToward Biology and M巴dicine

Houjin H.同 ng，Erik Pierstorff， Eiji Osawa， and ODean Ho 

General lecture (9 : 30・10:30) 
民1etallofullerenes

2-1 Scanning Tunneling Spectroscopy Mapping of a Single Lu@CS2 on Alkanethiol Self Assembled Monolay巴r。YuhsukeYasutake， Keijiro Kono， Norihiro Kobayashi， Masachika Iwamoto， Hisashi Umemoto， Yasuhiro Ito， 

3 

Haruya Okimoto， Hisanori Shinohara， Yutaka Majima 27 

2・2 Estimation of the amounts of transferred electron in Lu-entrapped Metallofullerenes 

OTakafumi Miyazaki， Ryohei Sumii， Hisωhi Umemoto， Haruya Okimoto， Toshiki Sugai， Hisanori Shinohara， Shojun Hino 28 

2-3 13C NMR Study of Pr2@CSO and LaPr@C80 
OManabu Ito， Shiho Nagaoka， Takeshi Kodama， Yoko Miyake， Shinzo Suzuki， Koichi Kikuchi， Yohji Achiba 29 

2-4 Structure of metal-carbide endoheadral metallofuller巴neSC2C2@C82(C2ν) 

OKoji Nakajima， Yuko Yamazaki， Takatsugu Wakahara， Takahiro Tsuchiya， Yut.αka Maeda， Takeshi Akasaka， Markus 

日匂elchli，Kenji Yoza， Naomi Mizorogi， Shigeru Nagase 30 

交交交交育大 CoffeeBreak (10 : 30・10:45)交交交育大大

Generallecture (10: 45-11 : 45) 

Fullerene Solids and Chemistry of Fullerenes 
2・5 Discovery of th巴atomlc田carbon-insertionreactions for fuller巴negrowth 

OTeruhiko Ogata， Tetsu Mieno，ぬtakaShibi， Yoshio Tatamitani 

2-6 Chemical modification on a non-IPR metallofull巴rene: La2@Cn 

31 

OXing Lu， Hidefumi Nikawa， Takahiro Tsuchiya， Yutaka Maeda， Takeshi Akasaka， Naomi Mizorogi and Shigeru Nagαse 32 

2-7 Physical Properties of H2 Endoh巴dralCω 

OKatsumi Tanigaki， Takeshi Rachi， Ryotaro Kumashiro， Yasujiro Murata， Koichi Komatsu， Toru Kakiuchi， Hiroshi 

Sawa， Yoshimitsu Kohama， Satoru Izumisawa， Hitoshi Kawaji， Tooru A似た 33 

2・8 Pressure-Induced Structural Phase Transition of Two-dimensionally polym巴rizedC同
0ぬichiroYamagami， Susumu Saito 34 

交交交交交"*Lunch Time (11 : 45・13:00)交交交育大古

大交交交交交 AwardsCeremony (13 : 00・13: 30)交交交交交交

Speciallecture (13 : 30・14:00) 

2S・4 The structures of endohedral m巴tallofuller巴neby the syst巴maticstructural studies from SR powder diffraction data 

OEiji Nishibori 4 

Generallecture (14 : 00・15:00) 

Endohedral Nanotubes. Nanohorns 

2-9 Imaging of Transportation of Single Hydrocarbon Chain through Nano-sized Pore 

OTakatsugu Tanaka， Masanori Koshino， Niclas Solin， Hiroyuki Isobe， Eiichi Nakamul・D 35 

2・10 Synthesis of Pd-fill巴dCNTs for the tip of SPM 

OTomokazu Sakamoto， Chien-Chao Chiu， Kei Tanaka， Masamichi Yoshimura， Kazuyuki Ueda 36 

2・11 El巴ctronicStructure of Polyyne Molecules by Resonanc巴Ramanand Optical Emission Spectroscopy 
OTomonari Wakabayashi 37 

2-12 Photoinduced Charge-Separation of Carbon Nanohoms with Porphyrin Conn巴ctedvia Amino Group 

OOsamu Ito， Atula Sandanayaka， }加uyukiAraki， Takatsugu Tanaka， Hiroyuki Isobe， Ei-ichi Nakamul・D，Mωako

Yudasaka， Sumio Iijima 38 
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すす****Coffee Break (15 : 00・15:15)すす交すすす

Generallecture (15 : 15・16:00) 

Science of Nanocarbons 

2-13 Non-collinear Magnetic Phase Diagram of Graphene Nanoribbons 

OKeisuke Sawada， Fumiyuki Ishii， Mineo Saito， Susumu Okada， Takazumi Kawai 

2-14 High temperature treatment of carbon fullerene soot and formation of multi -shell carbon nano-capsules filled with La carbide 

39 

OKazunori Yamamoto， Takatsugu s匂kahara，Takeshi Akasaka 40 

2-15 Monodispers巴Single-NanoDiamond Particles as Seeding for CVD Diamond Thin Films. 1. A New Seeding TI巴chniqu巴
OSachio Inaba， Takashi Tarao， Masaaki Kawabe， Oliver A. Williams， Eiji Osawa 41 

Poster Preview(16 : 00・17: 00) 

Poster Session (17 : 00・18:20) 

Formation and Purification of Nanotubes 

2P・1 Effect of Al oxide buffer layer on SWNT growth using alcohol gas source in high vacuum 

OTomoyuki Shiraiwa， Shigenori Numao， Osamu Oishi， Nobuyuki Nishi， Takahiro Maruyama， Shigeya Naritsukα101  

2P鴨2 Dispersion and Separation of Single-Walled carbon nanotubes prepared by using metal-catalysts supported on Z巴olite

OMasahiro Hashimoto， Yutaka Maeda， Tadashi Hasegawa， Makoto Kanda， Takahiro Tsuchiya， Takatsugu 陥 kahara，
Takeshi Akasaka， Yuhei Miyauchi， Shigeo Maruyama， Jing Lu， Shigeru Nagωe 102 

2P-3 A protocol to remove surfactants and gradient media from m巳tallicand semiconducting single】wallcarbon nanotubes in 

density gradient separations 

o Kazuhiro Yanagi， 1加umitsuMiyata，均taSato， Zheng Liu， Kazutomo Suenaga， Takeo Ishida， Hiromich Kataura 103 

2P-4 Diagnostics and Control of Growth of Vertical-aligned Carbon Nanotube Forest by Using a Telecentric Optical System 

OSatoshi}匂suda，Don N. Futaba， Motoo Yumura， Sumio Iijima， Kenji Hata 104 

2P-5 FT-IR Gas Analysis for Alcohol Catalytic Chemical Vapor Deposition 

OTomohiro Shimazu， Yoshinobu Suzuki， Hisayoshi Oshima， Shigeo Maruyama 105 

2P-6 Growth of double-and triple-walled carbon nanotube on MgO substrat巴

ORyoji Naito， Toshiya Murakami， Yuki Hasebe， Kenji Kisoda， Koji Nishio， Toshiyuki Isshiki， Hiroshi Harima 106 

2P-7 Purification of Carbon Nanotubes by Amphiphilic Oligopeptid邸

OShi月刊Masu}ωra.Atsushi Yamamoto， Yosuke Miura， ぬsushiMaeda， Shin Ono 107 

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

OXiaobin Peng， Naoki Komatsu， Takahide Kimura， Atsuhiro Osuka 108 

2P-9 Effect of density of carbon supply on the synthesis of small diameter SWNTs by ACCVD method using platinum as 

catalyst 

OKeisuke Urata， Sinzo Suzuki， Hiroshi Nagasawα， and Yohji Achiba 109 

2P-I0 Toward the selectiv巴productionof metallic SWNT by the laser ablation method 

。均suhiroTsuruoka. Yo匂iAchiba 110 

2P-ll The synthesis of the single-walled carbon nanotubes films by DC arc discharge 

OZhh. Li， Hf恥 ng，S. Inoue Y. Ando 111 

Applications of Nanotubes 

2P・12 Nitrogen and oxygen plasma functionalization of carbon nanotubes for photovoltaic device application 

OGolap Kalita， Sudip Adhikari. Hare Ram Aryal， Rakesh Afre， Tetsuo Soga， Maheshwar Sharon， Masayoshi Umeno 112 
2P-13 Formation of nano pn junction diode via alkali-halogen plasma ion irradiation 

OJun Shishido， Toshiaki Kato， s匂taruOohara， Rikizo Hatakeyama， Kazuyuki Tohji 113 

2P-14 Nov巴1Carbon NanotubeslPhotopolymer Nanocomposites with High Conductivity and Application to Nanoimprint 
Photolithography 

OTsuyohiko Fujigaya， Takahiro Fukumaru， Naotoshi Nakashima 114 

2P-15 Increase of surface area of sup巴r-growthsingle-walled carbon nanotubes via opening， resulting in improved electrochemical 

capacltance 

OAli Izadi-Najafabadi， Kenji Hata， Tatsuki Hiraokα， Takeo Yamada， Don N. Futaba， Satoshi均suda，Osamu Tanaike， 
Hiroaki Hatori， Motoo Yumura， Sumio Iijima 115 
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2P-16 Photovoltaic cell made of single wall carbon nanotubes and fullerenes 
OTatsunori Kur，仰 oto，Toru Arai， Shingo Nobukuni， Yoshikazu Shimote， Tetsuji Moriguchi 

2P・17 Precise Optical Detection of Mechanical Vibration of Cantilever巴dCarbon Nanotubes in Air 
OShun Fukami， Seiji Akita 

2P・18 Density increase of well-disp巴rsedsingle-walled carbon nanotubes by laser trapping 
OThomas Rodgers， Satoru Shoji， Satoshi Kawata 

2P-19 Eff，巴ctsof Microwave Radiation on Heat-resistive Prot巴insAdsorbed on Carbon N anotubes 
OHirokazu Horiguchi， Masahito Sano 

2P・20 Dep巳nd巴nceon Insulator thickness for sensitivity of Carbon Nanotube Field-Effect Transistor Biosensor 

116 

117 

118 

119 

OMasuhiro Abe， Katsuyuki Murata， Tatsuaki Ataka， Kazuhiko Matsumoto 120 

2P-21 FET Properties of Exohedrally Modifi巴dSWCNTs 
ORyotaro Ku附 shiro，Naoya Komatsu， Tatsuya Saito， Takeshi Akasaka， Yutaka Maeda， Nagao Kobayashi， Katsumi Tanigaki 121 

Properties of Nanotubes 
2P・22 Atomic structures of graphene adatom and its aggregation 
OTomofumi Hashi， Mineo Saito 122 

2P-23 Environmental巴ffecton巴xcitonsof single wall carbon nanotubes 
OKent，αro Sato， Riichiro Saito， Jie Jiang， Gene Dresselhaus， Mildred S. Dresselhaus 123 

2P-24 Spectroscopically prob巴ddoping proc巴ssesin semiconducting single-wall carbon nanotub巴sselectively isolated 
using polyfluorene 
ONobutsugu Minami， Yoshisuke Futami， Said Kazaoui 124 

2P-2S Response of Carbon Nanotube Field Effect Transistors to Vibrating Gate Using Scanning Gate Microscopy 
OKosuke H，αta， Yoshikazu Nakayama， Seiji Akita 125 

2P-26 Third同ord巴rnonlin巴aroptical prop巴rtiesand phase relaxation time in single-walled carbon nanotubes 
OMasao lchida， Yumie Kiyohara， Shingo Saito， Yasumitsu Miyata， Hiromichi Kataura， Hiroaki Ando 126 

2P-27 Multi-backgate control of carbon nanotube double quantum dot 
OTomoyuki Mizuno， Hideyuki Maki， Satoru Suzuki， Yoshihiro Kobayωhi， Tetsuya Sato 127 

2P-28 Design of Si Nanotube : New Multi-shalle Nanotubes 
OSusumu Okada 128 

2P-29 Influence of Diameter on the Raman Spectra of Multi-Wall巴dCarbon Nanotubes 
OHiroyuki Nii， Yoshiyuki Sumiyama， Hamazo Nakagawa， Atsuhiro Kunishige 129 

2P-30 Resonance Raman spectroscopy of metallic and semiconducting single-wall carbon nanotubes 
o Yasumitsu Miyata， K，αzuhiro均nagi，Yutaka Maniwa， Hiromichi Kataura 130 

恥fetallofullerenes
2P-31 Chemical Derivatization of La@CS2 and La2@CSO with Pheny1chlorodiazirine 
OHaruka Enoki， Midori O. lshitsuka， Takahiro Tsuchiya， Takeshi Akasaka， Zdenek Slanina， Michael T. H. Liu， Naomi 
Mizorogi， Shigeru Nagase 131 

2P-32 [2+1] Cycloaddition of Nitrene onto [60]fulleren巴 Int巴rconversionbetween an Aziridinofuller巴neand an Azafulleroid 
OMitsunori Okad，久TsukαsaNakahodo， Hiroyuki Morita， Toshiaki Yoshimura， Midori O. lshitsuka， Takahiro Tsuchiya， 

Yutaka Maeda， Hisashi Fujihara， Takeshi Akasaka， Xingfa Gao， Shigeru Nagase 132 

2P-33 HPLC Purification of Li Endohedral [60]Fullerene 
OTakeshi Sakai， Hiroshi Okada， Fuyuko Yamashita， Kenji Omote， Yasuhiko Kasama， Kuniyoshi Yokoo， Shoichi Ono， 
Hiromi Tobita， Rikizo Hatakeyama， Masayuki Toda 133 

2P幽34 Electron Transport Properties of SC2C2@CS4 Using the Encapsulated SC2C2 Moiety as an Electric lead， First-Principl，巳Study
OShinji Usui， Noritaka lnoue 134 

2P-35 Photophysical Properties of N@C60 
OHidefumi Nikawa， Yoichiro Matsunaga， Takeshi A加saka，Tatsuhisa Kato， }匂suyukiAraki， Osamu l.ω， Masafumi ATA， 
Klaus同PeterDinse 

2P-36 Synthesis of High Purity Nitrogen Atom Encapsulated Fullerenes 
OShohei Nishigaki， Toshiro Kaneko， Rikizo Hatakeyama 

Carbon Nanoparticles 
2P-37 Det巴ctionof single atomic layer of graphene by highly charged ion 
OYoshiyuki Miyamoto， Hong Zhang 
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2P-38 Effect of heat田tr巴atmenttemperature on preparation of carbonized ferritin 
Masato Tominaga， OKatsuya Miyahara， Kota Nakao， Isao Taniguchi 

2P-39 Chlorine-End-Capped Polyyne : Forrnation and Characterization 。YorikoWada， Tomonari Wakabayashi 
2P-40 R巴sonanceEffects in th巴RamanSp巴ctraof Polyynes 
o Yohei Ami， Tomonari Wakabayashi 

2P-41 Cyanopolyynes Formed by Laser Ablation of Graphite in Ac巴tonitrile
OTakaki Haseba， Yoshihiko Kashihara， Tomonari Wakabayashi 

2P-42 Dicyanopolyynes Formed by Laser Ablation of Graphite in Liquid Nitrogen 

138 

139 

140 

141 

0ゐshihikoKashihara， Takaki Haseba， Tomonari Wakabayω~ 1~ 

Chemistry of Fullerenes 
2P・43 Kinetic study in Diels-Alder reactions of fulleroids and methanofullerenes with various 1， 3-dien巴s
o Yasunori Susami， Hiroshi Kitamura， Ken Kokubo， Takumi Oshima 143 

2P-44 Evaluation of Antioxidant Activity of Wat巴r-Solubl巴FullereneDerivatives and Natural Antioxidants by s -Caroten巴
Bleaching Assay 
OKyoko Togaya， Tadashi Goto， Ken Kokubo， Hisae Aoshima， Takumi Oshima 144 

2P-45 Photoelectrochemical Properties of [70]fullerene derivatives on ITO 
OTakahiko Ichiki， Yutaka Matsuo， Eiichi Nakamura 145 

2P-46 Synthesis and Property of Full巴ren巴CobaltDithiolene Complex巴S
OMasashi Maruyama， Yutaka Matsuo， Euchi Nakamura 146 

2P-47 Hydroarylation of Fulleren巴withAromotic Compound and Subsequent Friedel-Crafts Acetylation Reaction 
OShinya Tochi加，Yui Sol， Mai Kato， Ken Kokubo and Takumi Oshima 147 

2P-48 Surface Functionalization of Fullerene Bilayer Vesicles and Study of Water Perrneability 
OTatsuya Homma， Koji Harano， Hiroyuki Isobe， Eiichi Nakamura 148 

2P-49 Singlet Oxygen Generation Efficienci巳sof Water-Soluble Fulleren巴sand Their Photo-Induced Cytotoxicity 
OYoko五zumi，Toshiya Okazaki， Minfang Zhang， Masako Yudasaka， Sumio Iijima 149 

2P-50 Synthesis of Full巴reneGlycoconjugates via a Copper-Catalyz巴dHuisg巳nCycloaddition Reaction 
OKaimei Cho， Niclas Solin， Daniel B. ~セrz， Hiroyuki Isobe， Peter H. Seeberger， Eiichi Na初mura 150 
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Speciallecture: 25 min (Presentation) + 5 min (discussion) 
Generallecture: 10 min (Presentation) + 5 min (discussion) 
Poster preview: 1 min (Presentation)， no discussion 

Special lecture (9 : 00・9:30) 

3S-5 Chemical Modification of Carbon Nanohorns 

ONikos Tagmatarchis 

Generallecture(9 : 30-10 : 30) 

Formation and Purification of Nanotubes 

3・1 Intensity enhancement of intermediate frequency Raman mode (IFM) by the presaence of very small diameter SWNTs 

5 

o Yohji Achiba，均suhiroTsuruoka， Keisuke Urata 42 

3・2 M巴chanismof Gold-Catalyzed Carbon Material Growth 

ODaisuke Takagi， Yoshihiro Kobayashi， Hiroki Hibino， Satoru Suzuki， Yoshikazu Homma 43 

3・3 Acetylen巴AssistedFast Growth of Vertically Aligned Single Wall巴dCarbon Nanotubes in Alcohol Catalytic Chemical 

Vapor Deposition 

ORong Xiang， Jun Okawa， Zhengyi Zhang， Erik Einarsson， Yohei Miyauchi， Yoichi Murakami， Shigeo Maruyama 44 

3-4 Discovery of Novel Carbon Structure : Graphene Multi-Layers Spontaneously Fonn巴don th巴Topof Aligned Carbon Nanotubes 

ODaiyu Kondo， Shintaro Sato， Akio Kawabata， Yuji Awano 45 

才女育大すす CoffeeBreak (10 : 30・10:45)女寸大才女大

Speciallecture (10 : 45・11: 15) 
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特別講演 1
IS-1 

In silico catalyst design for fuel cells 

OYasuharu Okamoto1ム3

lNano Electronics Research Laborαtories， NEC Corporation 34 Miyukigaoka， Tsukuba， 

lbaraki， 305-8501， Japan 
2lnstitutefor Solid State Physics， University ofTokyo， 5-5-5， Kashiwanoha， Kashiwa 

277-8581， Japan 
3CREST， Japan Science and Technology Agency， 4-1-8 Honcho Kawaguchi， Saitama， Japan 

Oxygen-reduction reactions (ORR) are basic reactions in e1ectrochemistry and are 
close1y re1ated to the cathodic reactions in proton exchange membrane fue1 cells (PEMFCs)， 
where one O2 m01ecule is reduced to two H20 m01ecules on Pt or Pt alloy particles that act as 
electrocatalysts. Minimizing Pt particle size has been a key to the deve10pment of 
electrocatalysts for PE恥1FCsbecause it helps make the best use of the precious metals such as 
Pt by maximizing the surface-to-volume ratio of the particles， and the minimum Pt particle 
size is currently 2 nm (about 300 atoms). Calculations based on density-functional theory 
(DFT) have suggested that the minimum size of the Pt particles could be further reduced to 
1.5 nm (about 150 atoms) [1]. The further reduction of particle size deserves consideration 
because the behavior of adsorption energies on an atom or clusters comprising only a few 
atoms is quite different from that on clusters comprising dozens of atoms. 
In this study， DFT calculations were done to find metal dimers that catalyze O2 

reduction [2]. A metal dimer embedded in a graphite sheet with a six-membered-ring carbon 
vacancy was treated as a model electrocatalyst structure. First， dimers suitable in terτns of 
stability and electrocatalysis were selected from among Ni2， RU2， Pd2， Pt2， and AU2・Underthe 
assumption that the efficiency of electrocatalysis is estimated by the O2 and 0 adsorption 
energies on the dimmers， Ptz and Pd2 were selected. Then a series of first-principles molecular 
dynamics (FPMD) simulations was performed to confirm electrocatalysis OfPt2 with regard to 
O2 reduction. Pathways that lead to H20 are normal and favorable， while pathways that lead 
to HOOH are unfavorable. It was found that 02(ads)ラOOH(ads)，O(ads)， and OH(ads) can be 
respective1y reduced to OOH(ads)， HOOH， OH(ads)， and H20. It was noted that HOOH 
formation on the Pt2 is quite different from the ORR on Pt(111) where an FPMD simulation of 
ORR on Pt(111 )1H20 interface showed that OOH( ads) spontaneously and immediately 
decomposed into O(ads) and OH(ads) after the first reduction of 02(ads) to OOH(ads) 
completed [3]. This difference was attributed to the bond breaking reaction energy of 
OOH(ads)→ OH(ads)十O(ads):The reaction on Pt2 is endothermic， while that on Pt(l11) is 
exothermic. Further improvements in the catalyst model are needed if we are to find a 
pathway from HOOH to H20 or to cause 4e-reduction fi 

[1] Y. Okamoto， Chem. Phys. Lett.， 429， 209 (2006). 
[2]主Okamoto，J Phys. Chem.仁 (inpress) 
[3] Y. Okamoto， unpublished. 
Corresponding Author: Yasuharu Okamoto 
TEL: 十81-298-50-1571，FAX: +81・・298-856-6l37，E-mail: y-okamotoia!df. jp.nec. com 
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Carbon nanotube LSI via interconnects 

YujiAwano 

MlRAI-Selete， Fujitsu Limited， Fu)・itsuLaboratories Ltd 
Morinosato-Wakamかα10-1，Atsugi 243-019スJapan

Carbon nanotubes (CNTs) offer unique properties such as highest current density， ultra-high 

thermal conductivity， ballistic transport along the tube and extrerne1y high rnechanical 

strength with high aspect ratio of rnore than 1000. Because of these rernarkable properties， 

they have been expected for use as白turewiring rnaterials to solve several serious problerns 

of conventional Cu interconnects， for exarnplesラ electro.咽rnigration，high resistance， heat 

rernoval and fabrication of a srnall-sized via in fu印reLSIs. In this pape巳wereport present 

status of Multi-walled CNT (M¥¥尽イT)growth technologies and the potential of rnetallic CNT 

vias. In particular， we dernonstrate our original catalytic nano-partic1e technique for the 

diarneter and density control growth of MWNTs. We were able to lower the MWNT growth 

ternperature to 400oC， which rneets the requirernent to avoid thermal darnage to LSIs. We 

have succeeded in forming a 40-nrn-diarneter via with the MWNT density of 9Ell/crn2， 

which is the highest density ever reported. The electrical properties of the CNT vias fabricated 

by our darnascene process which is rnost1y cornpatible with conventional Cu interconnects are 

also discussed. Frorn the ternperature dependence of via resistance， we discuss the possibility 

of ballistic transport in CNT vias. Our low四ternperatureplanar CNT via technologies are very 

prornising for the achievernent of low-resistance scaled-down CNT vias in future LSIs beyond 

hp32nrn technology node. 

This work was partly cornpleted as part of the MlRAI Project supported by NEDO. 

References: 

l. Y. Awano， S. Sato， D. Kondo， M. Ohfuti， A. Kawabata， M. Nihei and N. Yokoyama， Phys. Stat. Sol. (a) 203， 

No. 14， pp. 361 1-3616 (2006) 

2. M. Nihei， T. Hyakushima， S. Sato， T. No却 e，M. Norimatsu， M. Mishima， T. Murakami， D. Kondo， A. 

Kawabata， M. Ohfuti and Y. Awano， Proceedings of IEEE Intemational Interconn巴ctTechnology Conference 

(IITC)， June 4・6，2007.

E-mail: y.awano⑨jp.fujitsu.com 

Tel&Fax: +81-46・250・8186/-8844
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Applications ofNanodiamond Hydrogels Toward Biology and Medicine 

Ho吋inHuang1ぺErikPierstorff1
へ
EijiOsawa3， and Dean Hoは 4*

1 Department of Biomedical Engineering， Northwestern University， Evanston， Illinois， USA 
2Department of Mechanical Engineering， Northwestern Universiか"Evanston， Illinois， USA 
3 Nanocarbon Research Institute AsamαResearch Extension Center， Shinshu Universiか，Japan

4Robert H. Lurie Comprehensive Cancer Center， Chicago， Illinois， USA 
* Corresponding Author: d-ho@northwestern.edu 

Nanodiamonds serve as a versati1e class of nanomateria1s with significant advantages that can be 
app1ied toward drug de1ivery and cellu1ar interrogation with unprecedented capabi1ities. Their high 
surface area-to-vo1ume ratio enab1es therapeutic 10ading capacities that are severa1 times higher than 
existing methodo1ogies (e.g. 1iposomes， po1ymersomes)， and their aspect ratios and stability confer an 
innate biocompatibi1ity to the diamond particles that generate an amenable response when interfaced with 
surrounding bio1ogica1 material. This study demonstrates the application of nanodiamonds toward the 
treatment of cancer and inflammation using multip1e form factors that include particle， film， and device圃
based methodo1ogies. Because of the unique nature of the onset and progression of diseases that include 
cancer， inflammation， etc.， a suite of s仕ategiesthat include widespread (particle)， as well as 10ca1ized 
(device，日1m)drug e1ution enab1e versati1e clinica1 responses. Therefore， this work aims to realize 
nanodiamonds as foundationa1 materia1s for nanosca1e medicine. 
Chemotherapeutic-乱mctiona1izednanodiamond particles were fabricated through the interaction 

of Doxorubicin hydroch1oride (Dox) with water幽suspendednanodiamonds. Dox is a clinically relevant 
chemotherapeutic that disp1ays a systemic， or genera1ized form of activity that induces apoptosis， or cell 
death in healthy as well as diseased cells. Thereforeヲtheability to de1iver Dox in a controlled manner 
may result in increased treatment efficacy with reduced patient side effects. We have demonstrated the 
abi1ity to controllab1y switch Dox re1ease and adsorption， and therefore functionality via controlled 
interactions with the nanodiamond surface. Furthermore， as Dox is a cytotoxic e1ement with a DNA 
fragmentation-based readout， 1addering assays confirmed the ability of the nanodiamonds to preserve and 
faci1itate drug delivery and activity upon multip1e celllines including Raw 264.7 murine macrophages as 
well as the HT-29 human co1orecta1 cancer cell 1ine. Comprehensive examination of cellu1ar reaction 
toward bare nanodiamonds served as a biocompatibility assessment， where inflammatory gene expression 
1eve1s of interleukin 6 (IL-6)， inducib1e nitric oxide synthase (iNOS)， and tumor necrosis factor a1pha 
(TNFa1pha) were quantified via rea1 time po1ymeras 

qa 
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The structures of endohedral metallofullerene by the systematic 

structural studies from SR powder diffraction data. 

OEiji Nishibori 

lDepαrtment of Applied Physics， Nagoya Uniνersity， Nagoya 464-8603， Japan 

Endohedral metallofullerenes have attracted much interest during past decades due to 

their characteristic structural and electrical properties [1]. The recent findings of various kinds 

of metal carbide encapsulated fullerenes by 13C_NMR and X-ray analysis have provided 

further information on the characterization of endohedral metallo長I11erenes.Importantly， 

several kinds of di司metallofullereneshave been re-characterized as C2 encapsulated 

metallofullerenesぅ (MxC2)@Cn，since the discovery and synthesis of C2-encapsulated 

metallofullerenes. Furthermore， the recent experimental resu1ts of ion mobi1ity， UV-vis-NIR 

absorption， and 13C-NMR studeis for metallofullerenes have indicated that many of di-and 

tri-metallofullerenes have possibilities of C2 encapsulation. 

The precise structural information has provided the basis for understanding the physical 

properties and growth mechanism of metal同carbideendohedral metallo白llerenes.An X-ray 

structural study is suitable for the structural characterization of endohedral metallofullerene. 

Several structures of C2 endohedral metallofullerenes such as (SC2C2)@C84， (Sc2C2)@C82(III)， 

(SC3C2)@CSO， and (Y2C2)@C82(III)， have been determined by the X-ray struc印ralanalysis. 

The positions of encapsulated atoms from these resu1ts always have shown a complicated 

multiple disorder structure. The disorder structure prevents a determination of precise 

structural information. 

Under these circumstances， the systematic structural studies have to be done for 

revealing precise structural information， which will provide a c1ear understanding of structural 

differences. Recently， we have carried out the series of structural study for (MxC2)@Cn 

metalloful1erenes by using synchrotron X-ray powder diffraction data at SPring-8. The 

structures of more than ten kinds for (MxC2)@Cn metalloful1erenes wil1 be presented. 

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

Corresponding Author: Eiji Nishibori 
TEL: +81幽52-789-3702，FAX: +81・52-789-3724，E-mail: eiji@mcr.nuap.nagoya-u.ac.j 
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Chemical Modification of Carbon Nanohorns 

Nikos Tagmatarchis 

Theoretical and Physical Chemistry Institute， National Hellenic Research Foundation， 48 
Vassileos Constantinou Avenue， Athens 11654， He!las 

tagmαtαr@eie.gr 

Carbon nanohoms (CNHs) represent a largely unexplored carbon allotrope within the family of 
fullerenes and nanotubes. The unique structural features of CNHs inc1ude the presence of five 5・
membered rings at one terminal tip forming a highly strained cone. Three are the critical points 
that differentiate CNHs from nanotubes， namely， i) purity， due to the absence of any transition 
metal nanopartic1es during production， ii) heterogeneous surface structure， due to highly-
strained conical聞endsand iii) aggregation in spherical superstructures， typically ranging between 
50-100 nm.J 

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

Herein， 1 will present recent results from our group on the chemical modification of CNHs. 
Brief1yラ CNHscan be functionalized by i) covalent attachment of organic units onto their 
skeleton 2-7， and ii) norトcovalentsupramolecular， van der Waals， pl-Pl stacking and/or 
coulombic electrostatic interactions with aromatic planar and/or charged organic moieties 8-10. 

Moreover， functionalization of CNHs can be performed eit白he加lerαra抗tt批hehigl偵似hl吐l防yμ斗-stra如am仕me吋dc∞omc山i詑ca叶l田べ-tips
O町ra瓜tthe s幻ideか-walls."白 iけι斗骨
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Electronic and Photo-electrochemical Functions 

of Fullerene圃MetalComplexes 

Yutaka Matsuo 

Nakamura Functionα1 Carbon Cluster Project， ERATO， Japan Science αnd Technology 

Agency， Hongo， Bun砂o-ku，あわJO113-0033， Japan 

Conversion from solar energy to electric energy is most important issue for life 

and many efforts have been devoted to create the solar cells. Fullerene is one of 

intriguing materials to construct photocurrent conversion cells， because it shows 

multiple redox events and long-lived excited state upon photo-absorption. We have 

reported the synthesis of transition metal-penta( organo ) [60]fullerene complexes 

M(C60RS)Ln (M = metal atoms; R = Me， Ph， etc.; L = organic ligands). A series ofiron 

complexesラbuckyferrocenesFe(C6oRs)Cp is a compact and rigid donor-acceptor system， 

which undergoes reversible multiple reduction and oxidation on the fullerene and 

ferrocene parts. It should be noted that if these unique materials can be immobilized at 

an electrode surface， many intriguing devices should be created. We herein report on 

preparation self-assembled monolayers (SAMs) ofbuckyferrocenes on indium tin oxide 

(ITO) electrodes (Figure 1)， and discuss photocurrent generation properties of this 

SAMs. 

Figure 1. Se1f-assemb1ed mono1ayer ofbuckyferrocenes. 

Corresponding Author: Yutaka Matsuo 

E-mail: matsuo@chem.sル tokyo.ac担;TELlFAX: +81-3司5841-1476

URL: http://www.chemふu-tokyo.ac.jp/users/巴rato/index-e.htm1

-6-



特別講演 7

3S-7 

Review of N anotechnology R&D in NEC 

Shuichi Tahara 0 

NEC Corporation， Nano Electronics Labs. 

34 Miyukigaoka， Tsukuba， lbaraki， Japan 

In order to build a convenient IT Society， NEC has grappled with R&D for 

nanotechnology as a fundamental technology for advanced IT乃..JW system， and has 

worked on the development of high-performance and energy-conscious devices with 

nanotechnology. And alsoラNEChas made significant accomplishments in the field of 

nanotechnology since the late 1980's. These inc1ude discovering a carbon nanotube 

(CNT)， the solid-state devices for quan加mcomputers and so on. In this presentation， 1 

would like to introduce some of our nanotechnology -future LSI technologyラ CNT

applicationラ Siphotonics for IT月..JW breakthrough， and the VlSlOn and value of 

nanotechnology in NEC. 

E-mail: tahara⑧aj.jp.nec.com 

Tel : 029-850-1154 & Fax: 0298-56-6135 
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Phonon softening effect on Raman G-band spectra of 

metallic single wall carbon nanotubes 

R. SaitoO， K. Sasaki， K. Sato， J. S. Park 

D p々artment0/ Physics， Tohoku University and CREST JST， Sendlαi 980・8578

In the metallic single wall carbon nanotubes， one of the two G-band Raman 
spectra is known to be soft which is now generally understood by Kohn Anomaly. 

Recently， Farhat et al. reported Raman spectroscopy of individual metallic carbon 
nanotube in which the G+ band becomes soft and level crossing between G+ and 

G・Ramansignal is observed as a function of the Fermi energy position. Further 

the Rama spectral width depends on the Fermi energy position， too. The 
experimental results clearly show that the electron-phonon interaction gives a 

finite life time of carrier and that we expect both the frequency shift and spectra 

broadening effect by the electron-phonon interaction when the Fermi energy 

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

In order to investigate the phonon softening effect， we calculated the phonon self 
energy due to the electro-phonon interaction in which the real part of the self 

energy gives the frequency shift of the phonon and the imaginary part of the self 

energy gives the broadening of the phonon spectra. The electro-phonon interaction 

is calculated by the extended tight幽bindingcalculation method which reproduced 

well the chirality and diameter dependence of resonance Raman intensities. The 

calculated phonon spectra as a function of the Fermi energy reproduce well the 

experimental results of phonon softening phenomena. 

This work is partially supported by MEXT grant， (No. 16076201). 

References: [1] H. Farhat et a1.， Phys. Rev. Lett.， 99， 145506 (2007). 

Corresponding Author: Riichiro Saito 

E-mail: rsaito⑧flex.phys.tohoku.ac.jp 

Tel&Fax: 022-795・7754，6445
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Electroabsorption spectroscopy in single wall carbon nanotubes 

OHideo Kishida， Yoshiaki Nagasawa， Sadanobu ImamuraラandArao N akamura 

Depαrtment 01 Applied Physics， 1¥Tagoya University， Nαgoya 464-8603 Japαn 

We have performed electroabsorption (EA) spectroscopy on micelle問wrapped

single-wall carbon nanotubes (S¥¥尽.JT)to clarify the excited-level structure. In EA 

experimentsうthechange of absorption induced by applied electric field is measured. The 

electric field mixes one-photon allowed states and two-photon allowed states， so that the 

two-photon allowed states can be observed in the absorption measurement. 

The sample was thin films of SWNT(HiPco)/SDBS embedded in gelatin. The film 

was formed onto an ITO/Si02 substrate， and then a semitransparent Al electrode was 

fabricated on the film. We applied a1temating electric field (electric field 17"'-'85kV/cm， 

frequency t=lkHz) between the two electrodes and measured the change of absorption 

using the lock-in method. 

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

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

proportional to the square of the electric 

field. The shapes of EA spectra are not 

dependent on the intensity of electric field. 

These facts indicate that the EA signals 

come from electric field effects on discrete 

levels such as exciton levels.孔10stof the 

peaks and valleys seen in the EA spectra 

are reproduced by the second derivative 

curves (fig.(c)) of the abso中tionspectra. 

Second-derivative-like EA spectra are 

obtained in the case that there are two 

nearly degenerate discrete levels. 

Therefore， we assigned one to one-photon 

allowed “bright" exciton and the other to 

two-photon allowed “dark" exciton. 

Corresponding Author: H. Kishida， 

E-mail: kishida@nuap.nagoya-u.ac.jp 
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Photoluminescence brightening through the direct transition from 

isolated to bundled freestanding single-walled carbon nanotubes 

OT. Kato and R. Hatakeyama 

Department of Electronic Engineering， Tohoku University， Sendai 980・8579，J.αrpan 

Photoluminescence (PL) brightening is clearly observed as a result of the direct 

transition丘omisolated to bundled morphology in the case of using vertically-， and 

individually-freestanding single-walled carbon nanotubes (SWNTs) as a starting 

material prepared by diffusion-plasma chemical vapor deposition. Figure 1 shows the 

time trace of photoluminescence excitation (PLE) map from as-grown freestanding 

S¥¥明Ts.With an increase in the passage time after the growth， the intensity of (6，5) and 

(7，6) peaks drastically decrease， and in contrast， originally-broad peak intensities 

become obviously strong. This increment of quan印myield of SWNTs PL is explained 

in terms of the exciton energy transfer through the tube bundles. Since the low quantum 

yield of individual SWNTs PL is considered to be the critical disadvantage restricting 

their industrial application， the bundle engineering with standing nanotubes will be a 

potential candidate for realizing the superior optoelectronic device fabrication. 

Figure 1: Time evolution ofthe PLE map measuredjust after the growth (a)， at lh (b)， 3.5h (c)ラ
7.5h (d)， and lOh (e)， respectively. All data are plotted on the same color scale. 

Corresponding Author T. Kato 

E-mail: katoI2@ecei.tohoku.ac.jp 

Tel&Fax: +81-22幽795-7046/ +81-22-263-9225 
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Multiexciton recombinations and exciton fine structures studied by 

a single carbon nanotube photoluminescence spectroscopy 

o Kazunari Matsuda 1， Tadashi Inoue1， Y oichi Murakami2ラShigeoMaruyama
2
う

and Yoshihiko Kanemitsu1 

1 Institute for Chemical Resωrch， Kyoto University， Gokasho匂i，Kyoto， Japan 
LDepartment of Mechanical Engineering， The University ofToわ叫 7-3-1，Hongo， Bunわ叫

Toか0，Japan 

The electronic properties of single-walled carbon nanotubes (SWNTs) have attracted a 

great deal of attention. The characteristic optical properties of SWNTs are determined by the 

dynamics of excitons with extremely large binding energies due to the strong Coulomb 

interaction. It is also expected that the strong Coulomb interaction would enhance the many 

body effects of excitons. The spectroscopic observation of a single carbon nanoiube is a 

useful to understand the dynamics and many body effects of excitons in SWNTs [1-3]. 

We studied the temperature and excitation power 

dependence of photoluminescence (PL) spectra from 

spatially isolated single SWNTs using a single nanotube 

spectroscopy [3]. It is found that the linewidth of the 

observed narrow PL spectrum corresponding to 

homogeneous linewidth (Fig. 1 (a)) arises from the 

exciton-dephasing with consideration of exciton lifetime of 

30 ps [4]. The PL linewidth linear1y decreases with 

decreasing temperature， which implies that the 

exciton-dephasing is dominated by the interaction between 

the exciton and the phonon mode with very low energy. In 

the high excitation conditions using femtosecond laser 

pulsesラ thehomogeneous linewidth broadens nonlinear1y 

with an increase in excitation intensity as shown in Fig. 

1 (b). Our observation suggests that the broadening of 

homogeneous linewidth arises from the annihilation of 

excitons through a rapid Auger recombination process. The 
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Fig.l (a) and (b) PL spectra of a 
single carbon nanotube at 30 K. 

multiexciton dynamics and exciton fine structures will be discussed. 

References 

[1] K. Matsuda， Y. Kanemitsu， K. Irie， T. Saiki， T. Someya， Y. Miyauchi， and S. Maruyama， App1. Phys. Lett. 86， 

123116 (2005). 

[2] T. Inoue， K. Matsuda， Y. Murakami， S. Maruyama， and Y. Kanemitsu， Phys. Rev. B 73，233401 (2006). 

[3] K. Matsuda， T. Inoue， Y. Murakami， S. Maruyama， and Y. Kanemitsu， Phys. Rev. B 77，033406 (2008). 

[4] H. Hirori， K. Matsuda， Y. Miyauchi， S. Maruyama， and Y. Kanemitsu， Phys. Rev. Lett. 97，257401 (2006). 

Corresponding Author: Kazunari Matsuda 

TEL:+8ト774-38-4515，FAX: +81・774-38-4515， E-mai1: matsuda@sc1.kyoto-u.ac.jp 
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Optical and electrical properties of 

semiconducting SWNT extracted using polyfluorene 

OS. Kazaoui1， N. Izard1
ラ
K.Hata1， T. Okazaki1， T. Saito1

ラ
Y.satol，K.Slienagal，

Y. Futami2， N. Minami
2 

lResearch Center for Advanced Carbon Materials， AIST， Tsukuba 305-8565， Japan 

2Nanotechnology Research Institute， AIST， Tsukuba 305-8565， Japan 

The production of pure semiconducting single-wall carbon nanotubes (s-S¥¥明T)is 

essential in several areas such as basic research， standardization and applications (FET 

transistors， optoelectronic devices， sensors). Significant progresses were already achieved 
using for instance DNA， density-gradient concentration and polymer wrapping to extract 

s-SWNT from“出回producedS¥¥明Tpowders". 

Very recently， s-SWNT were extracted with polyfluorene (such as Poly(9，9-diーかoctyl-

fluorenyl回2
ラ
7-diyl))in toluene solution assisted by sonication/centrifugation methods [1]， 

using the conditions we have already described for poly(phenylene-vinylene) (MEHPPV) and 

polythiophene (P30T) [2]. 

In this study
ラ
wehave optimized the centri白gationconditions in order to selectively 

extract near-armchair semiconducting while totally discarding metallic nanotubes. Clear 

evidences were obtained by photoluminescence (Fig.1)， optical absorption (Fig. 2)， Raman as 
well as by electrical measurements. At this symposium， very interesting optical and electrical 
properties from such pure semiconducting SWNT will be presented. 

1磁路 料脱 線障翻 糊時 1嚇 1讃重警 官側

制師側糊噸酬;tl斜

Fig. 1: Photo1uminescence map ofSWNT(HiPco)-PFO Fig. 2: Optica1 absorption ofSWNT(HiPco)-PFO 

[1] (a) Nish et al. Nature Nanotechnology 2，640 (2007) (b) Chen et al. Nano Letters 7， 3013 (2007). 

[2] (a) S. Kazaoui et a1， Appl. Phys. Lett. 87， 211914 (2005)， (b) J. Appl. Phys. 2.生084314(2005). 

Corresponding Author: S. Kazaoui (カザウィ)
E-mail: s-kazaoui(a)aist.go. i}2， Tel: 029-861-4838， Fax: 029-861-4851 
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Three dimensional effects in the boron-doped carbon nanotubes 

OTakashi Koretsune and Susurnu Saito 

Department of Physics，あわ10Institute ofTechnology 
2-12-1 Oh-okayama， Meguro-ku，おか0152-8551

Carbon nanotubes are considered to be attractive rnaterials for nanoscale electronic device in 

the next generations. To control the transport properties inc1uding superconductivity[l]， boron 
doping will play an irnportant role. So far， we have c1arified the effect of boron doping in the 
isolated single walled carbon nanotubes[2]. Howeverラ todiscuss the experirnental situation 

and the possibility of superconductivity， it is inevitable to consider the three dirnensionality 

such as bundles of the carbon nanotubes or rnultiwalled carbon nanotubes. Thus we study the 

effect of inter-layer interaction in the bundled or multiwalled carbon nanotubes using the 

density functional theory. 

Here， we take (10，0) carbon nanotubes as a typical serniconductor tube and consider the 

bundles of (10，0) carbon nanotubes. It is found that the peak of the density of states in the 
isolated carbon nanotubes will rernain in the bundles of carbon nanotubes though its height is 

decreased by three dirnensional effect. We discuss the change of the Ferrni level density of 
states by the inter-layer interaction. We also consider the double-walled carbon nanotube， 
(10，0)@(19刈， where borons are doped only in the inner tube and discuss the charge transfer 
effect. 

References: 

[1] 1. Takesue et al.， Phys. Rev. Lett. 96057001 (2006) 
[2] T. Koretsune and S. Saito， submitted. 

Corresponding Author: Taka前shi註iKoret岱sun巴

E-mail: k初or閃et旬un江me児e@s幻t旬刷a幻t.ph句1ザys.t“it旬巴ch.a配C.J
Tel: 03-づ5734-2387
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Conductivity Enhancement of Boron-Doped MWNTs Synthesized from 
Methanol Solution Containing Boric Acid 

Satoshi IshiiラTohruWatanabeラShunsukeTsuda， Takahide Yamaguchi， and 

Yoshihiko Takano 

O 

Nano System Functionality Center， National lnstitute for Materials Science， 1-2・1，

Sengen， Tsukuba， lbaraki 305-0047， Japan 

Carbon nanotubes (CNTs) with high conductivity are required for a variety of 

applications， such as a conducting filmラ anelectrically-conductive coatingラ aprobe of 
SPMラ andnanowirings inside LSI， while increasing the conductivity of the CNTs has 
not been realized yet by chirality control. 
In this study， we have introduced conduction carriers into multi-walled carbon 

nanotubes (MWNTs) by boron-doping to enhance the conductivity. When considering 
boron由dopeddiamond[I，2l and graphite[3l， the boron was expected to provide the 

conduction carriers effectively for the carbon allotropes. We have synthesized 

boron-doped MWNTs by our CVD method which uses 

a methanol solution of boric acid as a source material. 
The boron-doped M¥¥明Tswere synthesized from the 

source solution containing 1.0 atm% and 2.0 atm% of 

the boron. 

Figure 1 shows Raman spectra of the 
boron-doped 乱1\\弓~Ts. A position of a G-band shifts 

systematically to higher Raman shift side with 

increasing a boron concentration. This indicates that 

a carbon site was substituted by the doped boron in the 

MWNTs. On the other hand， broadenings of both the 
G and D-bands were originated from inhomogeneity of 

the boron and defects in the MWNTs. 
Figure 2 shows temperature dependence of 

normalized conductivity af O'RT of出eboron-doped 

MWNTs， where σRT is the conductivity at room 
temperature. The conductivity of each individual 

MWNT was measured by four-point method from 

room temperature to 2 K. The four electrodes were ハ P

fabricated on a target individual MWNT by using 0 100 200 
electron beam lithography technique. The af O'RT was Temperature (K) 
enhanced over wide temperature range by increasing Fig. 2 Tempera仰向dependenceof aIσRT. 

the boron concentration. The doped boron provides the conduction carriers for the 

M¥¥刊Teffectively increasing the conductivity. 

References: [1] E. Ekimov et al.， Na町民428ラ542(2004). 
[2] Y. Takano et al.， Appl. Phy. Lett. 85， 2851 (2004). 
[3] M. Endo et al.， Phy. Rev. B 58， 8991 (1998). 

Corresponding Author: Satoshi Ishii 
E幽mail:ISHII.Satoshi¥alnims.go.ip Tel: +81-29-859-2644 
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Recent progress of study of carbon-nanotube superconductivity 

OJ.Haruyama1，4， S.Maruyama2
ラ
H.Shinohara3，4

lAoyamαGakuin University， 5-10-1 Fuchinobe， Kanagawa 229-8558， Japan 
2Toわ10Universiか7-3-1Hongo， Bunkyo-ku，おかo113-0033， Japan 
J Nagoya Universiか~ Furo帽cho，Chigusa， Nagoya 464-8602， Japan 
4JST-CREST， 4-1-8 Hon-machi， Kawaguchi， Saitama 332-0012， Japan 

Abstract: Superconductivity (SC) in carbon nanotubes (CNTs) is quite interesting 
issue from many standpoints; e.g.， 1. From physics of one-dimensional (1D) SCラ2.from
electron correlation in 1 D conductorsラ 3. as recently found carbon-related 
new-superconductor family (CaC6 and boron-doped diamond)ラand4. From possibility 
of high-Tc SC (~40K). We reported SC in arrays of multi-walled CNTs (MWNTs) for 
resistance drop with the highest T c = 12K [1] and its correlation with contact structures 
between metal electrode and MWNTs. After then， based on the reportラmanytheories for 
the CNT-SC have been proposed and are attracting considerable attention; e.g.ラ1.Carrier
doping effect in MWNTs and phase transitions [2]， 3.Caηier doping effect in (10，10) 
single-walled CNTs [3]， and 4. Correlation between SC and edge state [4]. 
Here， we have had progress in the experiments after reporting ref.[l]. In the talk， 1 
will introduce recent some experimental resu1ts of the MWNT-SC; i.e.， 1. Meissner 
effect with Tc = ~20K in the honey comb array structure of alumina template [5]， 2. 
Interplay between SC and Tomonaga-Luttinger liquid states in partially end-bonded 
MWNTs [6]ラ 3.Confirmation of presence of boron in the MW1品 byNMR [6]. 
Moreover，ラ 1will briefly talk about Meissner effect found in sheets of boron-doped 
single-walled CNTs synthesized in controlled doping manner [7]. 
SC in CNTs is promising. Realizing higher T c is highly expected. 

References 

[1]1. Takesue， J.Haruyama et al.， Phys.Rev.Lett.96， 057001 (2006) 

[2]E.Perfetto and J.Gonzalez， Phys.Rev.B 74， 201403(R) (2006) 
[3]T.Koretsune and S.Saito， To be published in Phys.Rev.B 

[4]K.Sasaki， R.Saito et al.， J. Phys. Soc. Jpn. 76， 033702 (2007) 

[5] N 

H.Shinoha創raet al.， Phys.Rev.B 71， 081744 (2007) 

[6]M.Matsudaira， J.Haruyama， Nぶr1urataラY.YagiラE.Ei凶na釘rs叩on九1，S 
p戸u由bliおsh巴din Physica E (In submission tωoP到hys.Rev.Let抗t.)

[7]K.McGuire， M.S.Dresselhaus， A.M.Rao et al.， Carbon 43， 219 (2005) 

Corresponding Author: Junji Haruyama 

E-mail: J・haru⑧ee.aoyama.ac.jp

Tel&Fax: 042-759・6256(Fax: 6524) 
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Local electronic structure of a carbon nanotube on metal surface 

OYousoo Kim1， H戸mg-JoonShin1，2， Sylvain Clair1，# and Maki Kawai1，2 

lRIKEN， 2-1 Hirosawa， Wako， Saitama 351“0198， Japan 

2 Department 01 Advanced Materials Science， The University 01あわ叫 Chiba277-8561， 
Japαn 

# Present address: INRS-EMT， Universite du Quebec， 1650 Boul. Lionel-Boulet， 

Varennes， QC， Canada J3X 1 S2 

Abstract: 

The scanning tunneling microscopy (STM) study shows that the nature of the interface 

between a nanotube and a metal surface induces a charge transfer that direct1y rules the 

doping level ofnanotubes. Whereas it is known that SWCNT on Au(111) are p-doped， 

we found that it is possible to produce n哨dopedSWCNT on Cu(111). Additional1yラwe

show that the reconstruction pattem of the Au( 111) surface is responsible for periodic 

osci11ations in the electronic structure of adsorbed nanotubes. 

The ear1y STM experiments on SWCNT have provided highly valuable details on their 

structure and their re1ated electronic properties. However， litt1e attention was given to 

the effect of the adsorption to a metal substrate， and basical1y only Au(111) surfaces 

were used. Here we propose systematic 

investigations on the interaction of a 

SWCNT with the wel1 defined Au(111) and 

Cu(111) metal surfaces. The nanotubes were 

deposited in si印 viaa vacuum-compatible 

dry contact transfer (DCT) technique which 

provides surfaces企eeof impurities as shown 

in Fig.1. 
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Fig.1 STM images of a singl~ ~CNTs adsorbeq 
on伊)Au( 111) and (b) Ag(100) single crystal 
surraces. 

References: 

1. C. Rabot， S. Clair， Y. Kim， and Maki Kawai， Jpn. J. Appl. Phys. 46 (2007) 5572-76. 

2. S. Clair， C. Rabot， Y. Kim， and Maki Kawai， J. Vac. Sci. Tech. B 25 (2007) 1143-1146. 

Corresponding Author : Yousoo Kim 

E-mail: ykim⑧riken.jp 
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Long-Ranged Bandgap Modulation of SWCNT on Ag(100) 

OHyung-Joon Shin1
ラ
SylvainClair1， Yousoo Kim¥and Maki Kawai1，2 

1 Surface Chemistry Laboratory， RIKEN， 2-1 Hirosawa，砂'ako，Saitama 351-0198 Japan， 

2 Department of Advanced Materials， UniversiσofToわ叫 5-1-5Kashiwanohα， Kashiwa， 
Chiba 277-8651， Japan， 

When metal/single-walled carbon nanotube (SWCNT) interface is formed， charge transfer 

between metal and SWCNT occurs and the position of SWCNT Fermi-level is shifted by local 

electrostatic potential perturbation. Most ST孔1or STS of SWCNT have been measured on Au 

(111) surface so far， and the Fermi-level shifts of about O.2eV to the valence band on gold 

have been reported experimentally and theoretically [1， 2]. In this study， we investigated the 

electronic structure of SWCNT on Ag (100) surface by STM and STS at low temperature 

(4.7K). Ultra-c1ean SWCNT on silver surface were prepared by dry contact transfer (DCT) 

technique [3]. The STS results showed that the Fermi-level of SWCNT was shifted to the 

conduction band， since the work function of Ag (100) (4.4eV) is much smaller than th剖ofAu

(111) (5.3eV) and that of SWCNT (4.8 ~ 5.0eV). In addition， we observed that the periodic 

modulation developed on semiconducting (6， 2) SWCNT over whole length (~300nm). 

Interestingly， we could observe bandgap modulation of same period from spatially-resolved 

STS mapping. Considering the chirality and unit cell of SWCNT， the period of modulation 

showed a good epitaxial relationship between SWCNT and Ag (100) in this configuration. 

The amount of charge transfer depends on the atomic distance between carbon and silver 

atom. Thus， the shi抗ofbandgap might be enhanced for the atoms having a good epitaxial 

relationship. At the peak positions of the height profile， the bandgap was shifted downwards 

(to the valence band)， which implies that carbon and silver atoms have a better epitaxial 

configuration at these locations. 

[1] J羽r.G.Wi1doer， L.C. Venema， A.G. Rinz1er， R.E. Smalley， and C. Dekker. Nature 391， 59 (1998) 

[2] Y. Xue and S. Datta， Phys. Rev. Lett. 83，4844 (1999) 

[3] P.M. A1brecht and J.w. Lyding， Appl. Phys. Lett. 83，5029 (2003). 

Hyung-Joon Shin 

hj shin@riken.jp 

Tel:+81-48-46-9174 Fax: +81-48-462-4663 
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First Principles Calculations for Electronic Properties of Diffusing 

Oxygen Atoms on the Surface of Graphene and Nanotubes 

o Takazumi Kawai and Yoshiyuki Miyamoto 

Nano Electronics Research Laboratories， NEC Corporation 

34， Miyukigaoka， Tsukuba， lbaraki 305-8501， JAPAN 

Recent experiments showed the potential ability of graphene not only nanotubes as a 

electronic devices with small size and high performance[l]. However， it is well-known 

that the behavior of oxygen drastically change the electronic properties of such devices 

due to the high accumulation of electrons and further destruction of graphitic sp2 

network. Thus， the properties of oxygen atoms on the graphitic surface is one of the 

most important issue for白turedevice applications of nano graphitic materials. 

Hereラweperformed first principles calculations for oxygen diffusion on the surface 

of graphene. The epoxy (bridge) position (Fig.l(a)) is the most stable for chemisorption， 

and on top position (Fig.l(b)) has 0.89 eV higher energy than epoxy structure. We 

found that the insertion of an oxygen atom into a C-C bond does not form the stable 

structure when a periodic unitcell is used， although the insertion structure was claimed 

to be stable for cluster calculation[2]. We have also studied oxygen diffusion on carbon 

nanotubes and will discuss the electronic properties and the chirality dependent 

anisotropic diffusion. 

(a) 、、‘.F'
L
U
 

〆，，‘、

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

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

[1] H.B. Heersche， et a!， Nature 446 (2007) 56. 

[2] J.-L. Li， et al， Phys. Rev. Lett. 96 (2006) 1761Ol. 

Corresponding Author: Takazumi Kawai 
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-19-



1-12 

Field Emission Properties of Single-Walled Carbon Nanotubes with a 
Variety of Emitter-Morphologies 

o Yosuke Shiratori 1， Koji Furuichi2ラSuguru Nodat， Hisaωshi廿iSu喝g引1m紅m児一CιC
Zhangピ3ラShigeoMaruyama3 and Yukio Yamaguchi1 

lDψt. 01 Chemical System Engineering， The University 01あわ叫おか0113-865丘Japan
2DAINIPPON SCREEN MFG Co.， LTD.，正yoto602-8585， Japan 

3 Dept. of Mechanical Engineering， The University 01あわ叫おか0113-865丘Japan

A number of issues are important for白印reCNT-FED development: (1) A 
low-temperature and/or short-time growth directly on cathodes through simple and safe 

processes， (II) a giant tip-enhancement of an applied field and (III) a uniform spacial current 
distribution， that is， a large number density of emission sites resulting in a mild current per 
emitter. We focus here on SWNT国emittersprepared using alcohol catalytic CVD (ACCVD)'. 

Prior to application of ACCVD for device fabricationラ suitablecatalyst compositions to 

promote a rapid growth of high quality SWNTs and the FE properties of the obtained SWNTs 

must be systematically studied. We report field emission properties of SWNT-emitters with 

different morphologies and discuss their potential for FED-app1ications. 
SWNT-emitters were prepared on Si substrates with Co/ Ah03 layers through 

ACCVD， which realizes a reaction time of 10 s to grow a 4μm-thick S¥¥弓.JTfilm. FE 
properties of SWNTs are tunable by the morphological control of the top-surface (Fig. 1). F or 

a textured Si cathode with well separated SWNT-bundles (Fig. ld)， the tum-on electric field 
to extract a current density of 1 /JA/cm2 was 2.4 V/μm， and a current density of 0.8 mA/cm

2 

was recorded at 4 V /μm. Large area uniformity of luminescence (0.5 cm2) was also obtained. 

Protrusion of emitters is crucial and the optimization of number density， protrusion length and 
inter-protrusion distance is necessary for uniform field emission and increased operating life. 

Texturing of substrates effects a large and selective field enhancement at specific protrusive 

emitters. Currently， SWNTs prepared from ethanol via a fast and safe process showed field 
mission characteristics suitable for electron sources. 

民話謀議詰治忠司
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4.1 V/μm Morph 
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i lι〕
Fig. 1. Cross-sectional SEM micrographs and pictures of luminescence from the rear surface of the anode at 3.3 and 4.1 

VIμm; (a) VA幽Sv.明Ts，(b) CN下grass，(c) VA-SWNTs on Si pyramids and (d) free-sanding bundles on Si pyramids. 

[1] S. Maruyama， R. Kojima， Y. Miyauchi， S. Chiashi， and M. Kohno: Chem. Phys. Lett. 360 (2002) 229. 

Corresponding Author: Yosuke Shiratori and Suguru Noda， TEL: +81-3-5841-7330， FAX: +81圃3-5841-7332，
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Magnetoresistance of the Metallic N anotubes observed 

by Contactless Method 

Yugo OShimao， Hirotaka Suzuki， Yoshihiro Iwasa and Hiroyuki Nojiri 

Institute for Materials Research， Tohoku Universi私Katahira2-1-1， 
Aoba， Sendai 980-8577，1.αpan 

Abstract: 

We have observed the magnetoresistance of the high1y-oriented sing1e司wallnanotubes 

(SWNT) fi1m by contactless method. At 4.2 K， The magnetoresistance increases 1inearly 

up to 14 T when the magnetic fie1d is app1ied a10ng the tube axis. This is different丘om

the results observed in a SWNT fi1m (non-oriented)ラ whichshows a negative 

magnetoresistance or saturation at high magnetic fie1d [1， 2]. In genera1， the transport 

properties of the SWNT are difficult to eva1uate since there is a high contact resistance 

between the e1ectrodes and SWNT. Therefore， we have emp10yed the cavity 

perturbation techniques (contactless method) [3]， which e1iminate the prob1ems of the 

contact resistance for the transport measurements of SWNT. Using this techniqueラno

e1ectrode is needed， and we can obtain the high-frequency conductivity of the SWNT by 

just comparing the Q factor and the resonance frequency of the cavity with and without 

the sample. We be1ieve that the observed positive magnetoresistance is an intrinsic 

behavior of the SWNT， which is due to the Aharonov-Bohm effect of the metallic 

nanotubes. The angu1ar dependence and the temperature dependence will a1so be 

presented， and the results are discussed. 

References: 

[1] G. T. Kim et αl.， Phys. Rev. B 58 (1998) 16064. 

[2] T. Takano et al. to be published. 

[3] O. K1ein et al.ラI凶.J. Inf. Milli. Waves 14 (1993) 2423. 
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Influence of surrounding materials on heat conduction of carbon 

nanotubes: Molecular dynamics simulations 

oJunichiro Shiorni and Shigeo Maruyarna* 

1 Department 01 Mechanical Engi附 ring，The University oFおかo
7-3-1 Hongo， Bunわ)0北u，おかo113-8656， Japan 

Characterization of therrnal properties of single-walled carbon nanotubes (SWNTs) is a 

key issue for their prospective electrical and therrnal device applications. An SWNT is 

expected to be a good heat conductor with the extraordinary long phonon rnean free paths 

[1-3]. As a result， phonon transport exhibits cornplex diffusive-ballistic feature for realistic 

nanotube-length in rnany applications even at roorn ternperature. This gives rise to unique 

steady and unsteady heat conduction characteristics [4-8]. Especiallyラthe1ength effect of the 

therrnal conductivity or conductance [4，5，8] has caught particular attentions due to its 

practical irnportance and there are ongoing discussions on the scattering dynarnics of long 

wave phonons and the effect of low司dirnensionalconfinernent. 

Although the characteristics of intrinsic heat conduction of SWNTs have been explored 

extensively for ideal therrnal boundary conditionsラ inpractical situationsラ interfacialheat 

transfer between SWNTs and heat sinks/sources is expected to deterrnine the overall heat 

transfer perforrnance. Such interfaces not only give rise to therrnal boundary resistances but 

also influence the intrinsic heat conduction. In a systern with significant contribution frorn 

ballistic heat transport， the intrinsic phonon distribution function and thus effective heat 

conduction is expected to depend strongly on the rnode-dependent scattering dynarnics at the 

interfaces. In the current study， this aspect is explored by using equilibriurn and 

non-equilibriurn rnolecular dynarnics rnethods. The boundary scattering and its influence on 

the long wave heat flux correlations is discussed. 

[1]. C. Yu et.al.， Nano Lett. 5， (2005) 1842. 

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

[3]. S. Berber， et.α1.， Phys. Rev. Lett. 84， (2000) 4613 

[4]. S. Maruyama， Micro. Therm. Eng. 7， (2003) 41 

[5]. N. Mingo and D. A. Broido， Nano Lett. 5， 1221 (2005) 

[6]. J. Shiomi and S. Maruyama， Phys. Rev. B， 73崎205420(2006) 

[7]. J. Shiomi and S. Maruyama， Phys. Rev. B. 74， 155401 (2006) 

[8]. J. Shiomi and S. Maruyama， Jpn. J Appl. Phys. (in press). 
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Specific Surface Area Measurement for Purity and SWNT Selectivity 

Analysis 

Don N. Futaba， lundai Gotou， Takeo Yarnada， Satoshi Yasuda， Motoo Yurnura， 

Surnio 1かnaand Kenji Hata 

NationalInstitute 01 Advanced lndustrial Scienceαnd Technology (AIS刀，Tsukuba， 

305-8565， Japan 

As the deve10prnent of carbon nanotube (CNT) techno10gy is re1iant upon the 

avai1ability of CNTs， a great effort has been p1aced on the irnprovernent of sing1e-walled 

carbon nanotube (SWNT) synthesis. As a result， a nurnber of groups have reported 

significant advances in the efficient and highかpuresynthesis of tal1 SWNT forests (ref) 

which suggest the possibi1ity for rnass production (1-4). However， the techniques for the 

sirnp1e and accurate assessrnent of the purity and SWNT se1ectivity trai1 far behind the 

abi1ity to synthesize it. Historically， Rarnan spectroscopy and transmission e1ectron 

microscopy (TEM) have been the too1s which provided qua1itative and quantitative 

assessrnents. However， both techniques are limited in terms of samp1ing arnount， 

interpretation， and the need for a skilled operator. 

Hereラwepresent the use of specific surface area (SSA) ana1ysis using the Brunauer， 

Ernrnett， and Teller (BET) method as a simp1e and accurate too1 of assessing the purity 

and se1ectivity of SWNT sarnp1es. Sensative to both propertiesラ BET-SSAana1ysis 

provides an indispensab1e too1 for the sirnp1e， fast and accurate eva1uation of 

macroscopic (10s rng) sarnp1ings of Sv.明Ts.

References: 

[1] K. Hata et al， Science， 306ラ1241(2004). 

[2] 0. Zhang， et al. Proc. Nat. Am. Soc.， 102， 16141 (2005). 

[3] 0.. Zhong， T. IwasakiラJ.Robertson， and H. Kawarada， J. Phys. Chem. B， 111， 1907 (2007). 

[4] S. Noda， et al. Jpn. J. Appl. Phys.， 46， L399 (2007). 
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Chirality Dependence on Destabilizing Agents Added to CMC-stabilized 

Carbon Nanotube Dispersions 

OHiroshi Saito and Masahito Sano 

Department ofPolymer Science and Engineering， Yamagata University 992-8510， Japan 

Dispersing carbon nanotubes (CNTs) in solution is important for both academic and 
industrial researches and various methods have been reported. One of the common methods is 

to u1trasonicate CNTs in water with the presence of stabi1izing chemicalsう suchas sodium 
dodecyl sulfate (SDS) and sodium carboxymethyl cellulose (CMC). We have reported that 
dispersing efficiency is improved by additions of antifoam agentsラ suchas an oligomer of 
polyether (PE-M)， to the u1trasonicating SDS mixture [1]. PE-M eliminates air bubbles and 
foams to allow the ultrasonic wave to reach CNT surfaces more efficient1y. Also， we have 
shown that ultrasonication on SDS mixture in air promotes sonochemical reactions of gaseous 
nitrogen and oxygen with water to yield acid species. This results in lowering of pH， which 
protonates CNTs with the consequence that absorption and Raman spectroscopic characters of 
metallic and thick semiconducting CNTs are altered. 
PE-M is designed as an antifoaming agent for SDS in water. We have found that 

although PE-M acts as an antifoaming agent for CMC， it does not improve dispersing CNTs. 
In factラcontinuedadditions of PE-M destabilized C孔1C-stabilizedCNT dispersion and CNTs 
coagulated at higher PE-M concentrations. Unlike SDS case， the solution pH remained near1y 
constant over one hour of ultrasonication. Thusラnoprotonation of CNTs occurred in the case 
ofC孔1C.

We have monitored Raman spectra as CMC-stabilized CNT dispersions were 
destabi1ized by CMC. Coagu1ated CNTs were collected by centri白gationand the supematant 
was analyzed. Intensities of both RBM and G-bands were reduced because less CNTs could 
be in the supematant. Interestingly， each peak in RBM was not reduced uniformly and the 
reduction rate (the relative reduction of peak intensities at a given CMC concentration) 
depended on chirality. Also， the line shape around G開開七
concentratlOn. 

[1] H. Saito， M. Sano，“Improved Ultrasonic Dispersion of Carbon Nanotubes"， abstract presented at the 32nd 

Fuller巴ne-NanotubesGeneral Symposium， Nagoya， 2007. 
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Electrochemical and Diameter-selective Cutting of Carbon N anotubes 

oShigekazu Ohmori1， Takeshi Saito1，2， Satoshi Ohshima¥ Motoo Yumura1 

and Sumio 1りima1，3

l R656Grch center戸rAdvanced Carbon Materials， AlST， lbaraki 305-8565 Japan 

2pRESTO， Japan Science and Technology Agency， Kawaguchi 332-0012， Japan 

3 Department 01 Materiαls Science and Engineering， Meijo Univ.， Nagoya 468-8502， Japan 

Carbon nanotubes (CNTs) are expected to be highly potential in various applications 

such as electronics and nano-medical devices. In these applications， the length of CNTs is one 

of the most important structural parameters， since it affects on their dispersibility (and 

processability， as well). Many researchers have been reported mechanical [1] and chemical 

[2ラ3]cutting processes of CNTs. 

Herein， we report a novel method for 

cutting single同walledCNTs (SWCNTs) by 

electrochemical oxidation reaction on the 

surface of anodic SWCNT electrode. The 

optimized cutting voltage was estimated to be 

10V for the SWCNTs with wide average 

diameter of 1.8 nm and the cutting reaction 

could not be observed at below the optimized 

voltage (see Fig. 1). On the other hand， it has 

been found that the narrow SWCNTs (mean 

dia.: ca. 0.9 nm) were cut at lower voltage (4V) 

than that of the wide ones abovementioned. This 

result indicates the possibility of the 

diameter -selective 印刷ngin our electrochemical 

method. 

References 

[1] Jie Liu， Andrew， et. al.， sCIence， 280 (1998) 

1253. 

[2] Li Qingwen， et. al.， J. Phys.・印四1.，1伺 (2002)11085. 

[3] Z. Gu， et. al.， Nano Letters， 2 (2002) 1009. 
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Fig. 1. TEM images of SWNTs 

electrochemically treated at A 6V and B 

10V. 
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Bending deformation of carbon nanotubes caused by 

a five司sevenpair couple defect 

o Kei Wako1うTatsukiOda
2
うMasaruTachibana

1
うKenichiKojima

1 

1 Graduαte School of Integrated Scienceタ YokohamαCityUη1りersityタ

E匂kohαmα 236-0027，Jαpαη 
2 Graduαte School of Nαtural Science αnd Technology， Kαηαzαωα University， 

Kαnαzαwa920-1192， Jαpαη 

Carbon nanotubes are promising building blocks for construction of nanosized elec-

tronic and electromechanical devices due to their mechanical and electronic properties. 

Therefore an investigation of plastic deformation and formation of structural defects that 

are caused by mechanical deformations such as bending deformation is important. Re-

centlyぅNakayamaet αl. reported that double-walled carbon nanotubes (DWNTs) were 

deformed plastically by組 applicationof electric Cl町 entunder bending deformation [1] 
We have carried out tight-binding molecular dynamics simulation for the DWNTs 

under bending defo口nationin the previous study [2]. As the resultぅ structuraldefects 
named 5-7 pair couple defect were formed by atom emission and these defects were 
thermally and energetically stable. Thusう ourresults indicate that the 5-7 pair couple 

defects are responsible for the origin of the plastic deformation. In the present study， 
to investigate the characteristics of the 5-7 pair couple defect which were formed in 

single-walled carbon nanotubes (SWNTs)うtheirstable structure and bindi時 energywere 

analyzed. 

Figures 1 (a) and (b) show a removed chain cluster of atoms and a 5-7 pair couple 
defect in a (8，8) SWNT. For various numbers of removed atomsぅstablestructure of the 
defective SWNT was obtained by structural optimization. The bending angles of (8β) 
nanotubes are plotted as a function of the nur巾 erof removed atoms in Fig. 1 (c). Fig-

ure 1 (d) shows that the schematic figure of the nanot山 ewith the maximum bending 

angle and the 5-7 pair couple defects which were formed after removing 14 atoms. More-
over a dependence of bending angles on the diameter of nanotubes was investigated. As 

results， it was confirmed that the structure of the nanotube with these several kind of 
defects corresponded to the experimental results. 
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Figure 1: (伊例a吋)Removing eight atoms and (ゆb)5-日7pair coup1e defect in the (8，浮刈8剖)nar組ar阻notube回白?ベ(c)bendi也n
a時1ea剖sa function of the number of removed atoms and (d) stab1e structure of the (8β) nanotube that 
contains the 5-7 pair coup1e defect which were formed after removing 14 atoms. 
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[1] Y. N akayama et αl. Jpn. J. Appl. Phys. 44ぅL720(2005) 
[2] K. Wako， 1. OkadaぅM.Tachibana， K. Kojin地 andT. OdaぅJ.Appl. Phys. 102ぅ113522(2007) 
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Scanning Tunneling Spectroscopy Mapping of a Single Lu⑨CS20n 

Alkanethiol Self Assembled Monolayer 

OY. Yasutake1， K. Kono¥ N. Kobayashi1， M. Iwamoto1， H. Umemot02， 

Y. It02， H. Okimot02， H. Shinohara2ぺandY. Majima
1 

1 Department of Physical Electronics， Tokyo Institute ofTechnology， To砂o152-8552， Japan 
3A  Dψαrtment of Chemistry， Nagoya University， Nagoya 464-8602， Japan 

Institute for Advanced Resωrch， Nagoya Universiか，Nα'goya464-8602， 11αpαn 

Abstract: 

Endohedral metallofullerenes are one of the candidate materials for nanoelectronics and 

spintronics applications due to their unique electronic and magnetic properties which 

associated with the charge transfer interaction between the encapsulated metal atom and a 
fullerene cage[l]. We demonstrated that single endohedral metallofullerene orientation 

switching phenomena by introducing alkanethiol self-assembled monolayer(SAM) as 
interlayer to control the interaction between endohedral metallofullerene and metal 

substrate. [2， 3] To realize molecular switching device by using endohedral metallofullereneラit

is important to characterize the local electrical properties of single endohedral 
metallofullerenes. 

Here， we report the local electrical properties of LU@C82 molecule on heptanethiol SAM 

by scanning tunneling microscopy(STM) images and scanning tunneling spectroscopy(STS) 

mapping. From high-resolution STM images of LU@C82 at 65 K， we observed the stripe 

structure which indicates that LU@C82 molecules on heptanethiol do not rotate freely. Then 

we measured STS at different 64 points on a single LU@C82 molecule on heptanethiol at 65 K. 
From differential conductance (dI/dηspectra， we observed two peaks centered at -0.5 Vand 

1.0 V which correspond to HOMO and LUMO energy levels， respectively. HOMO peak 

intensity shows a spatial dependence. We discuss the relationship between the molecular 
orientation and the spatial dependence of HOMO peak intensity. By considering the effective 

applied vo1tage in double barrier tunnel junction， we also estimate that the intrinsic 
HOMO-LUMO gap ofLu@C82 and the Fermi energy level shift ofLu@C82 on heptanethiol. 

References: 
[1] H. Shinohara， Rep. Prog. Phys. 63，843 (2000). 

[2] Y. Yasutake， Z. Shi， T. Okazaki， H. Shinohara and Y. Majima， Nano Lett.， 5， 1057 (2005). 

[3] Y. Yasutake， Z. Shi， T. Okazaki， H. Shinohara and Y. Majima， 1. Nanosci. Nanotechnol， 6， 3460 (2006). 
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Estimation of the amounts of transferred electrons in Lu-entrapped Metallofullerenes 

oTakafumi Miyazaki¥ Ryohei Sumii2
へ
HisashiUmemoto4， Haruya Okimoto4， Toshiki Sugai4， 

Hisanori Shinohara4， Shojun Hino1， 

1 Graduate School of Science & Technology， Ehime Universi砂
2 Institute for Molecular Science 

3 Research Center for Materials Science， Nαgoya University 
4 Graduate School ofScience， Nagoya Universiか

Ultraviolet photoelectron spectra (UPS) of CS2 endohedral fullerenes containing Lu 

atom(s) have been measured with synchrotron radiation light source. Principally the spectra 

are almost identical with those obtained with the endohedral fullerenes with the same cage 

symmetry. Usually entrapped metal atoms donate electrons and the amounts of transferred 

electrons have been deduced by either experimentally or theoretically. Lutetium 4f electron 

levels can be observed in our present UPS. The position of 4fi/2 level varies from 9.46 eV 

(LU2C2@CS2 isomers)， 9.70 eV (LU2⑨CS2 isomers) to 9.86 eV (Lu@Cs2(I)). This shift is 

induced by the difference in the charge on Lu atom(s)， that is， chemical shift， and can be a 

good indication for amounts of transferred electrons to the cage. 

Corresponding Author : S. Hino， E-mail: hino⑧eng.ehime-u.ac.jp， phone : 089開927・9924
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13C NMR Study of Pr2⑧Cso and LaPr⑧Cso 

OManabu Ito1， Shiho Nagaoka1， Takeshi Kodama1， Yoko Miyake1， 

Shinzo Suzuki2ラKoichiKikuchi
1， Yohji Achiba1 

1Department ofChemistη，おかoMetropolitan Uniνersity， Hachioji， 192-039スJapan
2D々partmentof Physics，め10toSangyo University， Kamigamo-Motoyαma， 

Kita-ku，めoto，603-8555， Japan 

So far， we have studied paramagnetic 13C NMR shifts of Ce2@C80 and CeLa@C80 to clarify 

a magnetic property of encaged Ce3+ [1ユ]， which has a 4f electron. Recently， we have 

reported 13C NMR spec回 ofPr2@C80 [3]， in which Pr3+ has two 4f electrons， and compared 

them with those of Ce2@C80 and CeLa@C80・Inthis study， we report the production and 13C 

NMR spectra of LaPr@C80， and analyze the t旬empe訂ra剖tu町redependence of paramagnetic 1η3C 

NMRsh剥hi廿ifts0ぱfPr2@C8初oand LaPr@C剖

Fig.l shows t由heピ13乍CNMRs叩pe即ctむra0ぱfMM'@C80

“
(M，M'=La丸，Pr) in CS2. As shown in Fig.1， 

the six peaks were assigned to La2@C80， Pr2@C80， and LaPr@C80ラrespectively.The peaks of 

Pr2@C80 and LaPr@C80 show temper剖uredependence due to the magnetic moment of 

encaged Pr3+. Detailed analysis of paramagnetic 13C NMR shi白ofPr2@C80 and LaPr@Cso 

will be discussed in the presentation. 

35"C • .， <):Pr2@CSO 
・，O:LaPr@Cso企，ム:La2@CSO

• 
160 150 140 130 120 110 100 

白/ppm

Fig. 113C NMR spectra of MM'@C剖measuredat 125 MHz in CS2・

[ 1] T. Ichikawa et al.， Th巴27thFullerene-Nanotubes Genera1 Symposium， 58 (2004). 

[2] T. Komaki et al.， The 28th Fullerene-Nanotubes Genera1 Symposium， 128 (2005). 

[3] M. Ito et al.， The 3th Fullerene-Nanotubes Genera1 Symposium， 157 (2007). 
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Structure of metal圃carbideendoheadral metallofullerene SC2C2⑧CS2(C2v) 

OKoji Nakajima
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1
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1
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Yutaka Maeda
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， Takeshi Akasaka 1 *， Markus Waelchli3ラKenjiYoza

4
， 

Naomi Mizorogi
5， and Shigeru Nagase5 

1 Center for Tsukuba Advanced Research Alliance， University of Tsukuba， 2 Department of 

Chemistり7，あわ70Gakugei University， 3Bruker Biospin K. K.， 4Bruker AXS K. K.， 5Dψαrtment 
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Metal-carbide encapsulated metallofullerenes have attracted special interest because of 

encapsulation of the C2 unit together with several metal atoms. Recently， it was revealed that 

the structure of the dimetallofullerenes such as Sc2C84(III) and Y2C84(III) is not normal 

M2@C84 type， but M2C2@C82 type encapsulated the metal carbide by 13C NMR spectral 

determination[l， 2]， single crystal[3] and powder X-ray diffraction analyses[4，5]. Moreover， it 

is confirmed th剖 Y2C84(I， II) have metal聞carbideencapsulated Y 2C2@C82 structures by 13C 

NMR spectral determination[2]. Howeverラ thestructures of SC2Cs4(Iラ II)have not been 

verified. 

We herein report that the structure of SC2C84(II) is also not SC2@C84 but SC2C2@C82， which 

has the C82( C2v) cage， by means of 13C NMR spectral analysis and theoretical calculations. We 

have succeeded in X-ray single-crystal structure analysis of pyrrolidinometallofullerene 

SC2C2@C82(II)(CH2)2NTrt (Trt = triphenylmethyl). 
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[1] liduka， Y. et al.， Chem. Commun. 2006， 2057-2059. [2] Inou久T.et al.ラ J.Phys. Chem. B 2004， 108， 7573-

7579. [3] Iiduka， Y. et al.うAnglの似 Chem.lnt. Ed. 2007， 46， 5562-5564. [4] Nishibori， E. et al.， ChemPhysChem 
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Discovery of the atomIc-carbon-insertion reactions for fullerene growth 
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We have synthesized carbon 

monoxides CnO and fullerene C70 from 
C60 by the atomic-carbon-insertion 

reactions (ACIRs) Fig.l [1]. Atomic 

carbon of :C "jump" into CC bonds 

without c1eavage of the overall 
molecular structure and without 

significant side reactions. The ACIRs 

seem to be involved in at least two 

processes of fullerene formation， that 

is， in the formation of the soot 
precursors and of the small carbon 

c1usters n<40. 
F or the mass spectrum in the 

range of 9 to 30 c1ustersラ Coxand Fig.1.The atomic-carbon-insertion reactions (ACIRs) 

co-workers observed a periodic alteration in the ion signal ampli加deevery four atoms， with 
maxima at n = 11，15，19，23， and 27 and minima at n = 13，17ラ21，25，and 29. On other hand， 
Achiba and co-workers observed strong signals at n = 10，14，18， and 22 [3]， these preferential 
evaporations are also observed by the photodissociation which is reminiscent of the Huckel 

rule 4n+2 for aromaticity [4]. They are interpreted by the ACIRs as follows: 
c ~ :C ~ :C 

C 10 (14，18，22，26...)ミ C11(15，19，23，27...)→C12 (16刈 24，28.ー)斗 CJ3(17，21，25，29...) 

~ ~ ~ ~ ~ ~ -~ 
C20 → C30→ C40 →C50→C80→C70→C80→C90 

10 :C 
- 070 

c-c十 :C→む-c-c

Many authors suggest that the precursor of the fullerenes are soot [2b，3b，5]. Achiba 
and co-workers found that the mass spectra of白llerenes，emerge at lowest fluence， were 
observed even if only soot targets were exposed by the laser light [3b]， and a certain 
exothermic process occurred related to the formation of fullerenes [3c]. We have efficient1y 
created soot in the photolysis of C302 at 1000

oC， where atomic-carbons were only active 
chemicals and can cause the ACIRs. The ACIRs are efficient because they are abundant and 

their activation energy is zero or low. Atomic-carbon has much higher formation enthalpy 

than C2 and can release the surplus energy in the formation of the Sp2 bond， which makes the 
following rearrangements and degradations easier. Therefore， the ACIRs are overwhelmingly 
efficient especially under rather unfavorable conditions such as the soot formations. These 

facts strongly suggest that the soot precursors are formed by the ACIRs. 

[1] T. Ogata et al. (a) JACS， 117ち3593(1995); (b) J. Chem. Phys.; ， 102:， 1493 (1995); (c)第33回本シポジュ
ウムラ3P-28(2007); (d) Proceedings ofCABON 2007 Conference， B083 (2007). 
[2] Cox and co-workers (a) JCP， 81， 3322 (1984); (b) ibid. 88， 1588 (1988). 
[3] Achiba & co-workers (a) JCP， 106， 9954(1997); (b) ibid. 107，8927(1997); (c) Eur.Phys.J.D， 16， 369(2000) 
[4] M. Pellarin et al.， JCP， 117ラ3088(2002). 
[5] E. Osawa et al.， JPC， 106， 7135 (2002). 
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Chemical modification on a non-IPR metallofullerene: La2@Cn 
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+Department ofChemistry， Tokyo Gakugei University， Tokyo 184・8501，Japanラ

9Department of Theoretical and Computational Molecular Science， Institute for Molecular Science， 

Okazaki 444・8585ラJapan.

Abstract: La2@Cn was previously proposed to have a non-IPR cage structure of either岸10611or 

#10958 by 13C NMR measurementsYl Theoretical calculations indicated that the cage of #10611 

is energetically more stable，[2，31 but unambiguous experimental results are still lacking. In this 

work， a carbene reagent was adopted to functionalize La2@C72・Monoadductswere successfully 

isolated and characterized with various kinds of measurements， including single-crystal XRD 

method， which unambiguously presented that La2@Cn takes the D2 symmetric carbon cage of 

#10611， with two pairs offused-pentagons. 

@会T 。
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The physical properties of atoms or molecules encapsulated inside nano-size cages have been one 

of the very intriguing scientific issues. F or performing experiments in order to have reasonable insight 

to this issue， a large scale synthesis of such materials is needed. Recent success in macroscopic scale 

production of hydrogen-molecule endohedral C60 using a molecular surgery method in chemistry has 

opened a door to a scientifically realistic research stage. 

Using this advanced elegant chemical reaction method， pure H2@C60 was prepared in a 10 mg 

scale， which affords one to carry out specific heat experiments as a function of temperature ranging 

仕om300 K down to 0.085 K using a 3He/4He dilution refrigerator. The excess heat capacity appearing 

in H2@C60 above 5 K， when it compared to that of C60， can successfully be analyzed in terms of the 

contributions of the localized vibrations and the free rotational motions of the encapsulated hydrogen 

molecule. In the low temperature region， another heat capacity anomaly was found around 0.6 K with 

the excess entropy ofabout 0.75Rln3， and the origin can be rationalized by considering the splitting of 

the rotational energy level of hydrogen molecule. The results indicate that the rotational ground state 

(J = 1) of the ortho-hydrogen should be split due to the lower symmetry of C60 than that of the high 

temperature phase above the rotational phase transition at 260 K. The H2@C60 system has also been 

tested for observation of superconductivity. These measurements are very important to discuss 

phonons in solid state physics. 

The present work is partially supported by the 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幽in-Aidfrom the Minis句Tof Education， Science， Sports and Culture of 

Japan， No. 15201019， 1771088， 18204030， 18651075 and 19014001. 
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Pressure圃InducedStructural Phase Transition of Two-dimensionally 

polymerized C60 

OYuichiro Yamagami and Susumu Saito 
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Since the discovery of po1ymerization of solid C60 (fcc C60) [1，2]， po1ymer phases 
of solid C60 have attracted a 10t of attention. As a po1ymer phase， three phases proposed by 
Nunez-Regueiro et al. are well known: the 1D orthorhombic， the 2D orthorhombic 
('tetragona1')， and the 2D rhombohedra1 phases [3，4]. These po1ymer phases are interesting 
targets for pressurization since there is a possibility that another po1ymer phase might be 
synthesized by pressuring one of them. A variety of studies motivated by this idea have been 
performed [5，6]. Recentlyラ itwas reported that a 3D po1ymer phase was synthesized by 
pressuring the 2D orthorhombic phase [7]. The sing1e crysta1 X-ray structure ana1ysis 
revea1ed that the product possessed the body-centered orthorhombic 1attice， and the structura1 
mode1 derived from the Rietve1d refinement was a1so presented. 

In the present work， we first performed the constant-pressure mo1ecu1ar dynamics 
(MD) study of the 2D orthorhombic phase for pressure range about experimenta1 condition 
(12， 14ラ16，18，20，22ラ24，26，28GPa). In all pressure conditions， the 2D orthorhombic phase 
transformed into a three田dimensiona1po1ymer phase. Most of all structures obtained from the 
MD ca1cu1ation possess the 1attice in which C60 mo1ecu1es form the body-centered 
orthorhombic 1attice. Moreoverラ the1attice constants are all re1ative1y close to the 
experimenta1 va1ues [7]. In addition， the obtained structures were found to have a1most the 
same cova1ent-bond network. However， there is a litt1e difference in the bonding pattem of the 
direction of a short edge of the conventional cell. In the obtained structures， C60 molecu1es on 
a diagona1 1ine of the conventiona1 cell are connected in the same manner as the experimenta1 
mode1， and those on a midd1e edge are connected with two cova1ent bonds (horizontal 
four-membered ring). Furthermore， those on a short edge are a1so connected with four to six 
cova1ent bonds. Next， we performed the LDA ana1ysis for one of the obtained structures. 
Cova1ent-bond network of the obtained structure is most1y preserved through the geometry 
optimization in the LDA. It is a1so found that the 1attice constants are still close to the 
experimenta1 va1ues. In addition， it is clarified that the obtained structure is meta1 from the 
e1ectronic density of states. 

[1] A.M. Rao et al.， Science 259，955 (1993). 
[2] Y. Iwasa et al.， Science 264， 1570 (1994). 
[3] C.H. Xu and G.E. Scus巴ria，Phys. Rev. Lett. 74，274 (1995). 
[4] Nunez-Regueiro， L. Marques， J-L. Hodeau， O. Bethoux， and M. Perroux， Phys. Rev. Lett. 74，278 (1995). 
[5] S. Okada， S. Saito， andA. Oshiyama， Phys. Rev. Lett. 83， 1986 (1999). 
[6] D.H. Chi， Y. Iw出a，T. Takano， T. Watanuki， Y. Ohishi， and S. Yamanaka， Phys. Rev. B 68， 153402 (2003). 
[7] S. Yamanaka et al.， Phys. Rev. Lett. 96，076602 (2006). 

Corresponding Author: Yuichiro Yamagami 
TEL: 03・5734帽2386，FAX: 03-5734-2739ラE-mail:yamagami@stat.phys.titech.ac.jp 

-34-



2-9 

Imaging of Transportation of Single Hydrocarbon Chain 
through Nano・sizedPore 

o Takatsugu Tanaka 1， Masanori Koshin02
ラ
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Molecular transport through nano-sized pores in a film， membraneラorwall structure 

is an event of fundamental importance in a number of physical， chemical， and biological 

processes. However， there is a lack of experimental methods that can obtain molecular剛level

information on the structure and orientation of the molecules at the time of transportation， and 

on the way that molecules interact with pores. 

We recently demonstrated that time-resolved， near-atomic resolution imaging by 

transmission electron microscope (TEM) provides a powerful method to study the structural 

changes of single organic molecules in motion. [1] Here， we report that the TEM methodology 

can image in what structure and orientation hydrocarbon chains pass through a nano-sized 

pore on carbon nanotubes (CNTs)， and how they interact with the pore. Such information thus 

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

，{7fてレ(CH2)4CH=CH(CH2bCH3乙グて下/(CH2)11CH3

~~とノ、 H ¥ふイ二/、H

1 (trans isomer) 2 

Figure. (A) The structures 01 the sample molecules. (8) Sequential TEM images 01 alkenyl lullerene 1 encapsulated 
in CNT as a lunction 01 time with the corresponding molecular models shown directly below. The figure captions 
reler to the time after initiation 01 observation. Sca!e bar shows 1 nm. The arrow shows the position 01 the pore on 
the sidewall 01 the CNT. (C) TEM image 01 alkyl lullerene 2 in CNT (shown in left). A simulation and the 
corresponding model are shown on the right-hand side目Scalebar shows 1 nm 

~ Present Address: Depar加 entofChemistry， Tohoku Universiか'， Aoba-ku，Sendai 980-8578， Japan 
References: [1] M. Koshino， et α1.， Science 2007， 316，853; N. Solin， etal.， Chem. Lett. 2007，36，1208. 
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Synthesis of Pd-filled carbon nanotubes for the tip of SPM 
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Kazuyuki U eda 
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Nano High-Tech Research Center， ToyotαTechnological Institute， 

Nagoya 468-8511， Japan 

2) Daido Bunseki Research Inc.， Nagoya 457-8545， Japan 

Recent1y growth of metal-filled CNTs has been reported and their characteristics have been 

investigatedll. Since the metal-filled CNT is expected to provide larger radial rigidity， higher 

mechanical and thermal stability than the conventional hollow nanotube， it would be suitable 

for the tip of scanning probe microscopy (SPM). Here we report synthesis of Pd-filled CNTs 

onto the conventional W tip and Si cantilever by microwave plasma enhanced CVD 

technique. 

In order to optimize growth conditionラwedeposited Pd as a catalyst and Al as a buffer layer 

on Si wafers and synthesized Pd-filled CNTs by microwave plasma enhanced CVD technique. 

As seen in Fig.l， the diameter ofPd-filled CNTs depends on the Pd thickness， and minimum 

diameter of PふfilledCNTs is approximately 35 nm at the Pd thickness of 7.5 nm. Figure 2 

shows TEM image (a) and diffraction pattem (b) of a Pd-filled CNT. It is found that the CNT 

has graphen sheets of approximately 40-50 layers and the top of the catalyst is covered with 

amorphous carbon of approximately 3 nm in thickness. The dif企actionpattem reveals that the 

material inside the CNT is a Pd nanowire with fcc structure. Growth of CNTs on scanning 

probe microscopy (SPM) probes is also presented. 

z 

ijj[??一一
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塁塁
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Pd thickness (nm) 
Fig.l: Relationship between the diameter of 
CNTs and Pd thickn巴ss.

Fig.2: (a) TEM image of Pd-filled CNTs. (b) EDP in 
the view ofFig.2 (a) 

[1] Y. Hayashi， T. Tokunaga， S. Toh， w.-J. MoonラandK. Kaneko: Diamond Relat. Mater. 14 (2005) 790. 
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Electronic Structure of Polyyne Molecules by Resonance Raman and 

Optical Emission Spectroscopy 

Tomonari Wakabayashi 

Department ofChemistry， Kinki University， Higashi-Osaka 577-8502， Japan 

Polyynes， a family of molecules with linear carbon chains in their molecular structures， 
are model compounds for yet uncharacterized al1otrope of carbon， namely， carbyne. Along the 
sophisticated compounds form chemical synthesis， some simple molecules have become 
accessible in mil1igram quantities by laser ablation or arc discharge. In this presentation， 
recent studies are reviewed focusing on the electronic structure of the linear polyyne 

molecules and some questions that have emerged form these studies are discussed. 

The molecules of interests inc1uding H(C三C)nHラH(C=C)nC三N，andN三C(C三C)nC=Nare 
formed by laser ablation of graphite partic1es in organic solvents. The hydrogen-capped 
polyynes， H(C=C)nH， are relatively stable under dilute conditions in hexane and subjected to 
optical spectroscopy， i.e.， normal Raman and SERS [1]， resonance Raman [2]ラ andlaser 
induced emission spectroscopy [3]. The excitation of the molecule via the allowed electronic 

transition by uv photon (~3.9-5.0 eV) is followed by relaxation via Rayleigh and Raman 

scattering， intemal conversion， and so on. As revealed from the weak emission spectra for 
C2nH2 (n=5-8) as well as the corresponding absorption spectra， the molecule has a low-lying 
electronic state at ~2.5-3.0 eV above the ground state (see Fig. 1). According to the 
Herzberg-Tel1er mechanismラ theforbidden transition becomes weakly al1owed， when the 
electronic transition is accompanied by an excitation of the trans-bending vibrational mode of 

πg symmetry [3]. The information for the low-lying electronic states of the molecule is 

demanded for understanding of the optical properties of composite molecules， such as 
C2nH2@S\\弓~Ts [4-6]. 
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Photoinduced Charge-Separation of 

Carbon Nanohorns with Porphyrin Connected via Amino Group 

。OsamuIto，a Atula Sandanayaka，a Yasuyuki Araki， a Takatsugu Tanaka，b Hiroyuki Isobe， a， b 
Ei-ichi Nakamura，b Masako Yudasaka，c Sumio Iijimaリ

Carbon nanohoms (CNHs) have been問 nSlv均す//ゲ/
studied， d∞ to their unique properti民 inc1uding their ーベcdmdFグ
photo-physical properties dispersed in solutions. 喝容蜘出i-) 】む 口てロハ，汀

冷淡警察霧附胸仇… H ~~C'V 

Here， we 問portlight induced charge separation 青空警静盤、 G
processes of amino-substituted CNHs and its adduct とじ〈と碍思議Fーへー{γヤ万 円

山町川町licpo中h戸m抑制 m 叩 eous通語暴言戸協;pt
solution studied by the steady-state and transient …と
spectroscopic methods.1) From the f1uorescence ムゲ

lifetime measurements of anionic porphyrin (H2P4-) IFig. 1. CNH-NHrH2P4-hybrids. 

attached on CNH-NH2 (Fig. 1)， appreciable shortening of the 
f1uorescence lifetime of H2P4-was observed by the binding 
and adsorption on CNHs as shown in Fig. 2， suggesting the 
photoinduced charge separation via the singlet excited state of 

H2P
4-to CNH-NH2・Thetr剖lsientabsorption spectra (Fig. 3) 

show the absorption peaks due to the radical cation of H2P
4-in 

出e600-800 nm regions， in addition to the triplet state of 
H2P
4
ーラ which are broaden by strong interaction with 
CNH-NH2・ Wi出 the steady-light illumination of 
CNH-NH2-H2P斗 m the presence of electron mediator 

(methyl viologen dication， MV2+) ， the accumulation of 
MV.+ as electron pool was confirmed by the characteristic 

620-nm band in the co-presence of hole transfer reagent (BNAH) as shown in Fig. 4. This 

observation indirectly supports that charge-separation between the excited singlet state of 
H2P
4-and CNH generates respective hole and electron，合omwhich the electron mediates from 
CNHs to MV2+， yielding MV・+，whereas the hole on H2P

4-mediates to BNAH， retarding back 
electron transfer processes. Finally， steady-state concentration of MV・+can be accumulated as 
electron pool in aqueous solution. 

aTohoku University， bUniversity ofToわ叫 CNEC，dMeij・oUniversity 
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N on-collinear Magnetic Phase Diagram of Graphene N anoribbons 

K. Sawada 1 0， F. Ishii 1ラM.Saito 1 ， S. Okada 2ラT.Kawai3 
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2 Institute Of Physics and Center戸rComputational Sciences， University ofTsukuba， 
Tennodai， Tsukuba 305-8571， Japan 

3 Fundamental and Environment，α1 Research Laboratories， NEC Corporation， 34 
Miyukigaoka， Tsukuba 305-8501， Japan 

Recently， graphenes attract much attention as candidates for spintronics materilas [1ラ
2]. One of the reasons is that the flat-band ferromagnetism appears at zigzag edges of 

graphenes [3]. It was reported that the magnetic ground state of zigzag-edged graphene 
nanoribbon (ZGNR) has an anti-ferromagnetic (AFM) structure consisting of two 

ferromagnetic (FM) chains along both edges. Then， theoretical design of the FM states 
of carbon-based materials is challenged by several groups [4，5]. 

In this paper， we c1arify that the FM and non-collinear magnetic (NCM) states of 
ZGNR can be induced by carrier doping， which is achieved by means of the electric 
field effect method [6]. We have performed non-collinear density-functional ca1culations 
and have revealed the magnetic phase diagram of ZGNR， i.e.， Fig. 1 shows the relative 
total energy L1E per the edge聞atomwhich depends on the carrier-doping concentration 
x (e/Cel1) and the spin四cantingangleθbetween two atoms at both edges (see Fig. 2). 
We find that the AFM phase (θ= 1800) is transformed into the FM(θ ニ 00)phase by 
either electron (x < -0.12) or hole (0.12 < x) dopingラItshould be noticed that N CM 
states (00 <θ< 1800) appear between the AFM and FM phases. 

L
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Fig. 1: The magnetic phase diagram of ZGNR. 

[1] Y. Son et al.， Na印re444， 347 (2006). 
[2] N. Tombros et al.， Nature 448， 571 (2007). 
[3] M. Fujita et al.， J. Phys. Soc. Jpn. 65， 1920 (1996). 
[4] K. Kusakabe et a1.， Phys. Rev. B 67， 092406 (2003). 
[5] S. Okada et a1.， Phys. Rev. B 74， 121412(R) (2006). 
[6] K. S. Novose1ov et a1.， Science 306，666 (2004). 
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High temperature treatment of carbon fullerene soot and formation of 
multi-shell carbon nano・capsulesfilled with La carbide 
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JapanAtomic Energy Agency， Tokai-mura， Naka-gun， lbaraki 319-1195，.ft.中仰
bCenter戸y・TsukubaAdvanced Rωearch Alliance， University ofTsukuba， lbaraki 305-857スJapan
Abstract: 

There has been great interest in the incorporation of foreign materials into fullerenes今

nanotubes， and fullerene-like multi-shell cage structures such as polyhedral nanocapsules. 

Fullerenes encapsulating one La atom (called endofullerenes) were discovered in the乱lllerene

soot formed by laser vaporization and following deposition of La with carbon under Ar flow [1]. 

Soon after the endofullerene soot was produced macroscopically by arc-discharge method [2]. 

Endofullerenes encapsulating one La atom (such as La@CS2) formed in the soot were extracted by 

toluene [1]， and well identified after their purification by HPLC [3]. 

On the other hand， polyhedral nanocapsules containing La element were not found in the 

fullerene soot， which were discovered in carbonaceous cathode deposits formed by arc四discharge

evaporation and following deposition of La with carbon on the cathode surface [4， 5]. Electron 

diffraction (ED) revealed that the capsules were日lledwith LaC2 single crystals， not La metals [5]. 

Transmission electron microscopy (TEM) characterization showed that the endohedral graphitic 

nanopartic1es were us回 llyseen in the deposit， not in the soot. 

In this s旬dy，multi-shell single-digit nanopartic1es filled with La have been found in La 

fullerene arc soot synthesized at 35 Torr He， which is lower than the ordinal pressure for the fullerene 

and nanotube condition. Typical TEM picture of the soot is seen in Figure 1， where most of the 

single-digit nano-pa託ic1escontain La. Furthermore， the soot materials have been treated at 

temperaturωbetween 1000 and 22000C in vacuum. The modifications resulting from the heat 

treatment have been followed by TEM and thermogravime仕ic(TG) measurements. The single-digit 

nanopartic1es have been transformed into larger multi-shell nanopartic1es filled with LaC2. 

References: 

1. Y. Chai， etal.，JPhys Chem..， 95， 7564(1991). 

2. H. Shinohara， et al.， J Phys Chem..， 96， 3571(1992). 

3. K. Yamamoto， et al.， J Phys. Chem.， 98，2008(1994). 

4. R. S.Ruo正etal.， Science， 259， 336(1993). 

5. M. Tomita， et al.ラJpn.J Appl. Phys.， 32， L280(1993). 
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Figure 1. TEM image ofmulti-shell single-digit 

nano-partic1es in La fullerene soot synthesized 

at 35 Torr He. Print Md>l: 3830000x巴 178mrn 
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Monodisperse Single-Nano Diamond Particles as Seeding for CVD 

Diamond Thin Films. 1. A New Seeding Technique 

o Sachio Inaba#ラTakashiTarao，# Masaaki Kawabe，# Oliver A. Williamss and Eiji Osawat 

再
JapanVilene Co.， 2-14-5， Soto-Kanda， Chiyoda-ku，おか0，Japan 

十 SInst.MateχRes.， Hasselt Univ.， Tfむtenschapspark1， B-3590 Di向penbeek，Belgium 
NanoCarbon Res. Inst.， AREG， Shinshu Univ.， 3-15・1Tokidaタ UedaタNagano386-8567， Japan 

Purpose 
Being the world's smallest artificia1 diamond， our single-nano diamond (SND， 
d=4.77土0.76nm) particles1) obtained by disintegrating crude agg1utinates of detonation 
nanodiamond offer the best possible seeding for homoepitaxia1 growth of CVD diamond 
films.
2
) Despite vigorous R&D efforts since the breakthrough in CVD diamond growth 

technique (hot fi1ament) by Sedaka et al. in 1982，3) no diamond film having acceptab1e 
qualities regarding density， transparency， growth rate and surface smoothness has been 
produced on 1arge scale， primari1y because small enough diamond seeds were not available 
until the SND was rediscovered in 2002.1) Our first and probab1y the most important task 
towards our temporal goals of obtaining good-qua1ity NCD，UNCD films by CVD using SND 
seeds.J)おtodeve10p a coating technique capab1e of reaching a seeding density in the order of 
1012/cm
2
. 

Results 

Prepαrαtion 01 nanodiamond colloid having virtualかunimodaldistribution. Our SND 
used to contain 5-10% of doub1e-nano diamond sing1e crysta1s. Improvements in the 
purification steps afforded products containing more than 98% of particles having diameters 
between 4 and 5 nm. 
Dip-coating of 0.05~0.1 % aqueous colloid of SND over silicon wafers on a MicroDip 
(ND-0408， SDI Co.)抗 apulling speed of 0.1 mmls afforded uniform coating of single layer 
of SND. Seeding densities of the order of 1011/cm2 have been achieved. Even by 
1m町mm宜me白rSl幻SlO山on-coa抗ting，this 1eve1 of density could be achieved when SND colloid was used. CVD 
diamond films grown over such seeded plates were of high qua1ity.2，旬 However，we soon 
noticed that these simp1e coating methods provide too small degree of freedom for precise 
attenuation of seeding conditions. 
Colloid-jet printing. It occurred to us that the ink-jet printing technique may be modified 
for CVD seeding instruments to allow the highest possible seeding density and a1so to align 
and orient SND crysta1s on the surface of substrate. Pre1iminary examination using an Ink Jet 
Patteming instrument (NanoPrinter-・・500D)from MicroJet Co. is giving out promising resuIts. 
Colloida1 solutions of 0.01 % SND in ethylene-g1ycol/ethano1 (8:2) mixed solvent and a set of 
128 jet-nozzles each having a diameter of 40μm are being used. 

References 
(1) Osa"叫 E.Gendai Kagaku， 2007， Dec. Issue， 52幽 56;Pure & Appl. Chem. in pr巴ss.(2) Williams， O. A. et al. 
Chem. Phys. Lett. 2007， 445， 255-258. (3) Kobashi， K. 'Diamond Filmω， Elsevier: Amsterdam， 2005. (4) 
Williams， O. A. Adv. Mater. in press. 
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Intensity enhancement of intermediate frequency Raman mode (IFM) 

by the presence of very small diameter SWNTs 

OYohji Achiba， Yasuhiro Tsuruoka， and Keisuke Urata 

Department 01 Chemistη，おかoMetropolU，αn Universiかおか0192-039スJapan

Raman scattering spectroscopy has been estab1ished as a powerfu1 too1 to clarify the 

e1ectronic and vibrationa1 properties of SWNTs. As has been well known， there are basically 

two types of Raman active modes; i.e.， radia1 breathing mode (RBM) and tangentia1 mode 
(T-mode or G-mode)， and the origin of the appearance of these optica1 phonons has been 

understood by the first order process of e1ectron-phonon interaction. 
Since the first systematic report on the Raman spectrum of SWNTs[ll， on the other hand， in 
addition to these strong RBM and T-mode Raman bandsラtheappearance of very weak but 
distinctive Raman bands has been reported in the intermediate frequency region 

(500-1200cm-1) and these Raman bands have been called as “intermediate frequency mode 
(IFM)，，[2l. Usually the intensity of these IFM is 1ess than 10% of those of RBM or T-M. 

Furthermore， by changing excitation photon energy， the observed frequency of the IFM band 
changes as a "step-1ike" behaviors suggesting the excitation of on1y some SWNTs with 
specific chira1 indices. With use of rather simp1e theoretica1 approach， s叩uclぬha beぬha前vせ叩i白orhas 
been under叫oodby the Raman scattering caused by the combination of optica1 and 
ac∞ousは叩tiおclikephonon凶s♂[3.4川.4刈ぺ4伺九l.The p伊re町Vlぬou山sr印eportshas further indicated that because of the 
momentum conservation ru1e， in the case of IFM， on1y the SWNTs with a zigzag type or near 
zigzag type shou1d be se1ective1y excited as the candidate for showing experimenta1 IFM 

bands. 

In the present paper， we demonstrate the observation of extraordinary strong IFM Raman 
bands for the samp1e containing the SWNTs with very small diameter. Intensity of the IFM 

bands observed in the present work is a1most1y the same as the one for the RBM. The 

diameter distribution of the samp1e is centered at around 0.6-0.5 nm and very strong RBM of 

(5，4) and (7ラ2)were observed by the excitation of 488 nm and 633 nm， respectively. Figure 1 
shows the Raman scattering spectrum of the frequency region from 100 cm-1 to 5000 cm¥ 

The two bands with a broad feature appearing at 3000-4000 cm-1 are due to fluorescence 

bands of (5，4) and (6，4) SWNTs. In the spectrum region between 500-2600 cm-1， there 
appears at 1east 6 peaks which are ab1e to be assigned to IFM(shown by arrows). Detailed 

ana1ysis and discussion will be performed in the symposium. 

2D 
f1uorescence 

Fig.l 1000 2000 3000 4000 

[1] A. M. Rao et al.， Science， 275， 187 (1997). [2] L. A1varez et al.ヲC.P. L. 316， 186 (2000). 

[3] C. Fantini et al.， PRL.， 93， 87401 (2004). [4] C. Fantini etal.， PRB72， 85446 (2005). 
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Mechanism of Gold-Catalyzed Carbon Material Growth 
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~NTT Basic Research Laboratories， NTT Corporation， Atsugi， Kanagawa 243-0198， Japan 

J CREST， JST， Chかoda，Tokyo 102-0075， Japan 

Unlike the iron-group metals， carbon solubility of Au is extreme1y low in bulk phase. 
However single-walled carbon nanotube (SWCNT) can be grown 丘omAu catalysts1

• For the 

clarification of the SWCNT growth mechanism from metal catalysts， it is necessary to 
consider the results of Au-catalyzed SWCNT growth. In present report， we discuss the growth 
mechanism of SWCNT from Au based on the observation of carbon nanowire (CNW) growth. 

We synthesized carbon materials by chemical vapor deposition (CVD) with ethanol or 

methane. Interestingly， Au-catalyzed carbon material growth by CVD undergoes a structural 
change， either a CNW or a SWCNT， depending on the catalyst partic1e size. 
Figure 1 a is the TEM image of carbon materials grown from ~ 10 nm Au partic1es. The 
TEM image reveals that grown materials are wires not tubes. Figure lb (SEM) and lc (TEM) 

are the results for carbon material growth catalyzed by Au partic1es ~5 nm or smaller. The 
TEM image (c) reveals that grown materials are SWCNTs. 

CNW formation provides insight into carbon material growth mechanism from Au catalysts. 

In the Au catalyzed semiconductor nanowire growth， Au and source elements of nanowire 
form eutectic allolベSimilarly，CNW formation from Au catalysts means Au can form Au-C 
eutectic alloy during carbon material growth. When Au catalyst partic1e size is 10-30 nm， 
supersaturated carbon atoms form CNW at the catalyst-substrate interface. In contrast， 
supersaturated carbon atoms in Au catalyst partic1es 5 nm or less form a carbon cap on the 
partic1e surface and the cap leads SWCNT growth4. Present results show that nanosized Au 
have a significant carbon solubility unlil∞bulk Au. As a resultラAu-Calloy is formed and the 
Au-C causes CNW and SWCNT growth. 

Figure 1. Carbon material growth from size-controlled Au nanoparticles 

[1] D. Takagi， et al.ラNanoLett.， 2006，6，2642. [2] R. S. Wagner， et al.， Appl. Phys. Lett. 1964，4，89. 
[3] S， Kodambaka， et al.， Science 2007， 316， 729. [4] D. Takagi， et al.， Nano Lett.， 2007，7，2272. 
Corresponding Author: Daisuke Takagi 
TEL: +81・3・5228-8244，FAX +81・3-5261-1023，E-mail: daisuke@will.bI・l.ntt.co.jp

-43ー



3-3 

Acetylene Assisted Fast Growth ofVertically Aligned Single Walled 

Carbon Nanotubes in Alcohol Catalytic Chemical Vapor Deposition 

o RongXiangヲJunOkawa， Zhengyi Zhangラ
Erik Einarsson， Yohei Miyauchi， Yoichi Murakami， Shigeo Maruyama 

D p々artmentof Mechanical Engineering， The University ofTokyo 

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

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

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

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

enhanced almost 10 times in case of only 1 % acetylene. Howeverラ pureacetylene of 

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

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

these partially poisoned catalyst particles could be recovered， as shown in Fig. 1 b. 

Therefore， the importance of ethanol for SWNT growth， not only at the beginning stage， 

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

results [2， 3] on the growth mechanism and structure control of vertically aligned 

SWNTs in ACCVD will also be presented. 
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Figure 1. Acetylene assisted ACCVD: (a) a typical growth curve showing growth can be 
significantly accelerated when acetylene is introduced; (b) a growth started with ethanol and 
continued by only acetylene， indicating that， without ethanol， catalyst wi11 be deactivated in 
seconds but this partial poisoned catalyst can be re開activatedby ethanol. A possible mechanism 
was proposed as the inset. 
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Discovery of Novel Carbon Structure: Graphene Multi-Layers 

Spontaneously Formed on the Top of Aligned Carbon N anotubes 

ODai戸1KondoラShintaroSatoラAkioKawabata， Yuji Awano 

Nanotechnology Resωrch Center， FiザitsuLaboratories Ltd.， 10-1 Morinosato-Wakamiya， 
Atsugi 243岨0197，Japan 

Novel carbon structure composed of graphene multi-layers and aligned multi-walled 

carbon nanotubes (MWNTs) has been discovered. The new structure has graphene 

multi-layers spontaneously formed on the top of aligned MWNTsラ whichwas obtained by 

chemical vapor deposition (CVD). The graphene layers are perpendicular to the aligned 

direction of MWNTs. The obtained structure is c1ear1y different企omusual vertically-aligned 

M¥¥明Ts[1]， and looks like carbon nanotubes with parasols. 

The CVD process was performed in a low-pressure vacuum chamber. As the carbon 

sourceラamixture of acetylene and argon gases was introduced into the CVD chamberラwhere

the substr羽ewas placed. The substrate temperature and total pressure were 510 oC and 1kPa， 

respectively. As a catalystラ a2.6-nm-thick cobalt film on a titanium nitride film by the 

conventional sputtering method was used. Figure l(a) shows a cross sectional image of the 

new carbon structure on a silicon substrate by scanning electron microscopy (SEM). A flat 

structure on vertically aligned孔1WNTbundles is c1early observed. Analyzing this flat 

structure by transmission electron microscopy (TEM) in Fig. 1 (b)， we have found that the flat 

structure is composed of multiple graphite domains next to each other， whose thickness was 

estimated to be approximately 18 nm. This thickness can be controlled by the growth 

condition and catalyst composition. The obtained structure is unique and can be synthesized at 

low temperature. Therefore， it may find new 

applications in the electronic industry.・

Detai1s wil1 be discussed in the presentation. 

The authors thank Dr. Naoki Yokoyama， 

Fellow of Fujitsu Laboratories Ltd. for his 

support and useful suggestions. 
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Figure 1 (a) SEM image of the new carbon 
structure composed of graphene multi-layers and 
MWNTs; (b) TEM image of the graphene 
multi-Iayers. 
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Stability ofDouble Wall Carbon Nanotubes on Oxidation 
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The purification of double-wall carbon nanotubes (DWNTs) is crucial to proper1y 
characterize their structuralラ electronicand magnetic properties. To purify DWNTs 
produced by the high temperature pulsed arc discharg method (HTPAD) [1]， we have 
utilized a high-temperature oxidation processes together with a reported dispersion 
technique [2]. In this purification process of carbon nanotubes (CNTs) dependences on 
the stability of the number of layers and on diameters are important to obtain pure 
nanotube materials. Hereラ wehave investigated the structural stability of the 
HTPAD-DWNTs on high-temperature oxidation (i.e.， buming) in terms of the number 
of layers and oxidation temperature. 
DWNTs together with the single-wall CNTs (SWNTs) having a maximum diameter of 
1.8 nm were synthesized by HTPAD using Ni/Co/Y catalysts. The as-grown material 
was heated at 360

0

C and was dispersed into surfactant， which was mixed with fumed 
silica and dried into a powder. The powder was then ref1uxed in H202， and oxidized at 
temperature between 500 and 600

0

C to remove 
S¥¥弓-.JTs [1]. DWNTs were recovered after 
elimination of silica. The diameter distribution of 
such CNTs and the relative abundance of DWNTs 
and SWNTs were estimated by TEM observation. 
Figure 1 shows a TEM image in which most of 
the thin SWNTs and DWNTs (a，b) are oxidized 
but thicker SWNTs and DWNTs (cラd)remain; the 
stability towards the oxidation increases as the 
diameter of CNTs increase. Figure 2 (a) and (b) 
present diameter distributions before and after 
oxidation， respectively. SWNTs with the diameter 
around 1.4 nm are completely oxidized， whereas 
SWNTs around 1.0 nm are newly appeared. These 
thin SWNTs originate 企ominner layer of thin 
DWNTs， which are seen in Fig. 1 (b). The thickeI・
SWNTs with a diameter around 1.8 nm are 
enriched by the oxidation， and DWNTs of a 
similar diameter are twice as abundant as the 
corresponding SWNTs. The stability of CNTs 
against oxidation is mainly govemed by both the 
number of layers and the diameters. 

図DWNTsinner ・SWNTs
口DWNTsouter 

Fig.l TEM image of purified CNTs 
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Separation ofMetallic and Semiconducting Single-Wall Carbon Nanotubes 

by Gel Electrophoresis 

OTakeshi Tanaka， Hehua Jin， Yasumitsu Miyata， Hiromichi Kataura 

Nanotechnology Research lnstitute， Nαtionallnstitute of Advanced lndustrial Science and 

Technology (AIS刀， 1-1-1 Hig，αshi， Tsukuba， lbaraki 305-8562， Japan 

As-produced single-wall carbon nanotubes (SWCNTs) contain metallic and 

semiconducting ones (mSWCNTs and sSWCNTs， respectively). The heterogeneity is one of 

the most crucial problems preventing application of SWCNTs. There are several reports on 

the separation of mSWCNTs and sSWCNTs by dielectrophoresis [1]， amine extraction [2]ラ

ion-exchange chromatography of SWCNTs dispersed by DNA [3]， and density-gradient 

ultracentrifugation [4ラ 5].Here we report a novel separation method of mSWCNTs and 

sSWCNTs by gel electrophoresis. Since the new method is quite simple， quick and scalableラit

could be suited for the industrial production. SWCNT dispersion was prepared by a sonication 

in the presence of detergent， followed by a centrifugation. We first applied the solution to gel 

electrophoresis (Fig. 1). The mSWCNTs were concentrated in the fractions 3 and 4 and 

sSWCNTs were in the frac. 1， which means the mSWCNT moved faster. In this caseラhowever，

about 90% of the initial SWCNT was left mixed in the 企ac. 2. We then used 

SWCNT-dispersed gel as a sample of gel electrophoresis and found a drastic improvement in 

the separation (Fig. 2). In this method， most of mSWCNTs moved out from the starting gel 

and formed the企ac.2， while sSWCNTs remained in the gel (丘ac.1). As a result， almost all 

SWCNTs applied to gel electrophoresis were separated into respective electronic type. The 

principle of the separation is still not clear but is thought to be different企omstandard gel 

electrophoresis. 

References: [1 J Krupke et al.， Science 2003， 301， 344， [2J Maeda et al.， JACS 2005，127， 10287， [3] Zheng et al.ラ
Nat. Mater. 2003， 2， 338， [4J Amold et al.， Nat. Nanotechnol. 2006， 1， 60ラ[5JYanagi et al.， The 33吋
Fullerene幽NanotubeGeneral Symposium 2007，56. 
Correspo町lingAuthor: T. Tanaka， Tel: 029幽861-2903，Fax: 029-861-2786ラE-mail:tanaka-t@aist.go.jp 
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Fig. 1 (a) Separation of the dispersed SWCNT 
solution by gel electrophoresis. (b) Absorption 
spectra of fractions after gel electrophoresis. 
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The New Feature Development of 
Carbon Nanotubes-Polybenzimidazole Composite 

oMinoru Okamoto， Tsuyohiko Fujigaya and Naotoshi Nakashima 

Department 01 Applied Chemistry， Graduate School 01 Engineering 
Kyushu University， Fukuokα" Japan 

Carbon nanotubes (CNTs) have expected in most areas of science and engineering due to 

their mechanica1 propertiesラ e1ectrica1properties and so on[l]. But， the app1ication of CNTs is 
1imited because they form bund1es each other and possess poor solubi1ity in any solvents. Many 

researches of dispersing CNTs in solvent and preparing CNTs-po1ymer composites has been 

reported[2]. In this time， we focus on Polybenzimidazo1e (PBI) as polymer materia1s. PBI is used as 
super engineering p1astic because ofthe heat stability. In addition， PBI is expected to app1y for solid 
po1ymer e1ectrolyte membrane offuel cells. 

800 1000 1200 1400 1600 
Wavelength I nm 

Fig.1 Vis-NIR spectra of CNTs solution 
(A) with PBI (B) without PBI. 
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First， we examined if PBI can solubilize CNTs in 
solvent. CNTs were added to the solution which PBI 
was dissolved in dimethy1 sulfoxide (DMAc). This 

solution was sonicated to dissolve CNTs， fol1owed by 
centrifugation. Fig.l (A) shows the absorption spec甘a

of the suspention after centri白gation.For comparison， 
the same operation without PBI was carried out and 

absorption spectra is shown in Fig.l (B). 
、.，，FB
 In the case of the solution including PBI (Fig.l 

(A))， the characteristic spectral features due to 
dissolved CNTs were clea創r匂 observedin the near-IR 
region. On the other hand， the characteristic absorption 
due to CNTs was not observed in the absence of PBI 
(Fig.1 (B)). This means PBI can act as solubilizer for CNTs. It is attributed that the πーπ
interaction between PBI and CNTs p1ays an important ro1e for debandling of CNTs. 

0.4 

。-600 

N ext， the CNTシPBIcomposite films and PBI 
films were prepared by spreading each solution on a 

glass p1ate and the solvent was evaporatedラ(Fig.2).
The tensi1e strength and Young's modu1us of each 
fi1m was measured， and found that those of 
CNTs-PBI composite五1mis about 1.6 times higher 
than PBI film without CNTs. Fi只.2CNTs-PBI composite film and PBI film. 

[1] D.Tasis， N. Tagmatarchis， A. Bianco， M. Prato， Chem. Rev.， 106， 1105 (2006). 

[2] J. N. Coleman， U. Khan， Y. K. Gun'ko， Adv. Mater.， 18， 689 (2006). 
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Reduction of low岨temperature-growth-CNTvia resistances using inner 

layers by Chemical Mechanical Polishing 

OKentaro Ishimaru¥ Daisuke Yokoyama1， Takayuki Iwasaki¥ Shintaro Sat02ラ

Takashi Hyakushima2
ラ
MizuhisaNihei2， Yuji Awan02 and Hiroshi Kawarada

1 

1 School 01 Science and Engineering， Tf匂'sedauniversity，あわJO169-8555， .fcαrpan 

2 MlRAI-Selete， Atsugi 243-0197， Japan 

We have grown carbon nanotubes (CNTs) by remote plasma chemical vapor 

deposition (RP-CVD) lower than 390
0

C (Fig. l(a))ラwhichis tolerable tempera印refor 

LSI fabrication process， and measured their electrical properties[l]. However， high 

values of via resistance were observed owing to the surface ununiformity. To overcome 

this problem， we applied Chemical Mechanical Polishing (CMP) [2] to planarize CNT 

vias. CNT vias were successfully planarized by CMP (Fig. 1 (b)(c)). Since caps of 

multi-walled MWNTs would be removed by using CMP， carrier conduction should 

occur on many inner layers as well as the outermost layers. (Fig. 2) Vias planarized by it 

has much lower resistances than those of without it. In this study， the lowest via 

resistance at a 2um via was 16 Q without CMP and 0.6 Q with CMP， which is close to 

that of tungsten vias日Tealso observed ohmic characteristics in temperature dependence. 

Fig. 1 SEM images of a CNT via (2um) 

(a) MWNTs grown at 3900C from a via 

stmcture (b) A CNT via p1anarized by CMP 

(c) Magnified picture of the via surface 

(b) .・22.
f・・1tて
ロ職
CMP 

Fig， 2 Carrier paths before and after 

CMP (a) on1y the outermost 1ayer (b) 

a1l1ayer of M¥¥明Ts

Acknow1edgements: This work was comp1eted as part ofthe MlRAI Project supported by NEDO， 

[1] D. Yokoyama， H. Kawarada， et al.， Proc， 32nd Fullerrene-Nanotubes Genera1 Symp， 3-3(2007) 

[2] M， Nihei， et al.， IEEE Int Interconnect Technol. Conf. 2007ラ204(2007) 

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

o Takeshi Hikata 1， Kazuhiko Hayashi 1
ラ
TomoyukiMizukoshi

2， 
Yoshiaki Sakurae， Itsuo Ishigami2， Takaaki Aoki3， Toshio Seki3， and Jiro Matsuo

J 

1 Sumitomo Electric Industries， Ltd.， Osaka 554-0024， Japan 
2 Technology Resωrch Institute olOsaka Prφcture， Osaka 594-1157， Japan 

3Paculか01Engineering Quantum Science αnd Engineering Center， Kyoto University， 
Kyoto 606-8501， Japαn 

Carbon nanotubes (CNTs) have been expected as ideal 

electric wires with the excellent properties of low 
resistivity， high strength and light weight. Howeverラitis 
difficult to fabricate the long length wires because it is 
difficult to maintain the growth rate of CNTs by covering 

of unnecessary harmful carbon formed on nano-sized 
metal particle catalysts in thermal CVD process. We have 

proposed the Carbon Transmission Method (CTM) 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 CTM catalyst 

foil specimen with thickness of 50μm is composed ofFe 

filaments through the Ag foil of the separator between the 
carbon source gas supply (side A) and CNT growth (side B). 

The both end ofFe filaments in the Ag foil were exposed 

by chemical etching of Ag with an aqueous solution ofNH3 
and H202・Theexposed Fe filaments had thickness of sub 

μm and width of a few μm. 
The carbon source mixed gas (CH 4 ，H2 and Ar ) was 
provided on one end ofFe filaments (sideA)， andAr gas 
was provided on the other end ofFe filaments (side B) at 
850 oC for 2 hours. As the result ofthe heat treatment， 
CNTs were not found at side A in the carbon source 

mixed gas as shown in Fig.2. In contrast， CNTs with 
diameter of about 10 -50 nm were generated at side B as 

shown in Fig.3. The maximum length was over 100μm. 

N ext， we carried out the experiment in the same heat 

treatment condition using an annealed CTM catalyst foil 

specimen in H2 gas at 800 oc. As a resultラCNTswere not 
observed at side A and B. It indicates that the reduction of 

Separator (Ag) 

Fe filaments Ar gas 

Fig.1 Carbon Transmitting Method 

Fig.2 SE孔1photograph at side A. 

CNTs were not found. 

oxide layer on the Fe filaments by H2 gas leads 
disappearance ofthe CNT growth at side B. The oxide layer Fig.3 SE孔1photograph of 

or the boundary becomes the starting point of CNT growth in CNTs at side B. 
Ar gas. 
Corresponding Author: Takeshi Hikata /E-mai1: hikata-takeshi@sei.co.jp 

TEL: +81-6-6466-5790， FAX: +81・6・6466δ705
[1] T.Hikata et aしThe33rd Fullerene-Nanotubes General Symposium， 1-11(2007). 
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Synthesis of Radially-Aligned Carbon N anotube Powder by SiC Surface 

Decomposition Method 

OKazuo Yoshikawaa， Motohiro Yamamotoa，b and Michiko Kusunokic 

αResearch & Development Div， Tokai Carbon Co・，Ltd.おか0107・8636Japan. 

b Electro and Material D々partment，Japan Fine Ceramics Center， Nagoya 456-8587 Japan 

c Division 01 Environmental Research， EcoTopia Science Institute， 
Nagoya Uniνersity. Nagoyα464ω8602， Japan 

The SiC surface decomposition method is one of the synthetic methods of carbon nanotube 

(CNT) [1] and the growth mechanism and the characteristics have been reported [2，3]. The 

CNTs synthesized by this method have unique features， which are high1y-aligned， 

catalysis-free and highly-dense. According to previous reports， the CNTs formed on single 

crysta1s of SiC， which is rather expensive， have been investigated as the raw material. In this 

study， for industria1 mass production， we tried to synthesize a1igned and high-qua1ity CNT 

powder using SiC powder， which is re1ative1y 10w cost. 

We revea1ed that synthesis of CNT powder 

required appropriate CO gas partial pressure 

control (the pressure range: 1-100 Pa) and 

appropriate CO gas fluidization， especially in the 

process of CNT nanocap formation (the 

temperature range: 11 00-1400 degree Celsius). 

However， the quality of CNTラ whichwas 

synthesized by the CO gas controlling method， 

was not sufficient yet. As a result of 

investigating the raw material of SiC powder， we 

found well-crystallized SiC particles provide Figl. TEM image of a radially-aligned 

radially-aligned CNT particles (Figl). CNT particle 

References: 

[1] M.Kusunoki， M.Rokkaku， T.Suzuki: App1. Phys. Lett.， 71， 2620 (1997). 

[2] M.Kusunoki， T.Suzuki， T.Hirayama and N.Shibata: App1. Phys. Lett.， 77， 531 (2000). 

[3] M.Kusunoki， T.Suzuki， C.Honjo， T.HirayamaラN.Shibata:Chem. Phys. Lett.， 366，458 (2002). 
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Photoluminescence of mono-dispersed single-walled carbon nanotubes 

made by using arc-burning method in nitrogen gas atmosphere 

o Takashi Mizusawa¥ Shinzo Suzuki¥ Toshiya Okazaki2， Yohji Achiba3 

1 Department of Physics，めJOtoSangyo University， Aαmigamo-Motoyama， Kita-ku， 

めJoto603・8555，Japan 

2Research Center for Advanced Carbon Meterials， AIST， Tsukuba 305・8565，Japan 
3 Department of Chemistry， ToかoMetropolitan Universi，私Hachioji，

Tokyo 192・039えJapan

Abstract: In this presentation， photoluminescence of mono-dispersed carbon nanotubes 

(SWNTs) made by using arc-buming method in nitrogen gas atmosphere was 

investigated， since it was suggested that the purity of SWNTs is relatively high， almost 

comparable to those obtained with laser-ablation method [1]. Typical 

photoluminescence mapping of mono-dispersed SWNTs in surfactant solution is shown 

in the figureラ demonstratingthat the 

diameter distribution of them is narrow， 

comparable to those obtained by laser-

ablation method [2]， though broad 

background signal can also be seen. 

This work was partly supported by the 

funds ofNippon Sheet Glass Foundation 

for孔1aterialScience and Engineering 

(NSG Foundation) and the Ministry of 

Education， Culture， Sports， Science and 

Technology (MEXT). 
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Production of SWNTs by Laser Ablation and ACCVD 

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

Department 01 Chemistry， Kinki UniversiかHigashi-Osaka577-8502， Japan 

The purity of single-wall carbon nanotubes (S¥VNTs) is one of the crucial factors for the 
study of encapsulation of molecules. Among the possible impuritiesラamorphouscarbon that 
covers the surface of the nanotubes will affect most seriously to lower the efficiency for 
encapsulation. The methods to remove amo中houscarbon reported so far include heating of 
the pristine S¥VNTs in the air， in aqueous hydrogen peroxide， or in boiling water. In this work， 
we produced S¥VNTs by both laser ablation and alcohol catalytic CVD (ACCVD) and 
compared them in view of the quality for molecular encapsulation. 
First， in order to refine the experimental conditions for high yields under laser ablation， 
diameter distributions of S¥VNTs in the pristine materials were studied by Raman 
spectroscopy as a function of pressure of the buffer gas. The experimental conditions (~11 00 
。C，Nd:YAG 1064 nm 0.8 J/pulse at 10 Hz， Ni/Co 0.6/0.6 wt %) were kept throughout the 
experiments except for the pressure of Ar gas (~250-610 Torr). Judging from the 
RBM-frequency regions in the Raman spectra (<300 cm¥inset in Fig. 1)， a fraction of 
S¥VNTs of smaller diameters decreased by increasing the pressure. The tendency for 
increasing diameters in average has been reported under higher tempera加reconditions. Thus， 
considering the effect of high pressures as confinement of high四temperatureparticles of 
carbon and metals， the effective temperature of the precursory particles would be higher under 
the high pressures. Secondラ withelectron microscope imagesラ thematerials 企omlaser 
ablation contained a substantial amount of amorphous carbon. Finally， the pristine S¥VNTs 
were heated at 300 oC in the air and sintered in solutions of molecules， e.g・ラ polyynes C2nH2， 
for encapsulation. The Raman spectra of the composite materials were recorded. 
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Figure 1. Raman spectra ofpristine S¥¥明Tsproduced by laser ablation (pressure dependence). 
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Synthesis and App1ications ofNovel Vanadium Oxide Nanotubes 

Abhishek KumarO
ラ
NikhilDhawan ̂  

。MaterialsScience and Engineering Department， Stanford Uniνersiか，California， 94305， USA 
M̂etallurgical Engineering Department， Punjab Engineering College， Chandigarh， INDIA 

The main aim of this work is to produce specialized nanostructures from transition metal oxide 
for potential applications in electrochemical devices and for catalytic applications. Vanadium 
oxide nanotubes (VOx-NT) have been prepared by mixing hexadecylamine with V205.nH20 
gels. This procedure was fol1owed by a hydrothermal treatment (150-180oC， 2-7 days)ラwhich
leads to a large quantity of VOx-NT. The structure and morphology of the nanotubes is 
investigated by SEM and TEM and a model describing nanotubes peculiar morphology has been 
discussed. The vanadium oxide nanotubes are redox-active and can electrochemical1y insert 
lithium reversibly. Further， applications ofthese transition metal nanotubes in electrical transport 
and sensor materials have also been outlined. 

Corresoonding Author 
Abhishek Kumar akpec@stanford.edu 
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Stanford University， California 94305， USA 
Tel (650) 6449442 

F
D
 

F
『

u



lP-6 

Time Dependence of Carbon Nanotube Growth 
by Gas Source Method using Alcohol in High Vacuum 

oKenji Tanioku， Tomoyuki Shiraiwa， Takahiro Maruyama， Shigeya Naritsuka 

Department 01 Materials Science and Engineering， Meijo Universiか，

1-501 Shiogamaguchi， Tempaku， Nagoya 468-8502 

Carbon nanotubes (CNTs) have been anticipated for use in a 10t of future 

nanodevices. However， the growth mechanism of CNTs has yet to be clarified. Recentlyラwe

reported CNT growth by gas source method in an ultra四highvacuum (UHV) chamber [1]. 

This growth technique enab1es CNT growth in a high vacuum， which is usefu1 for clarifying 

the growth mechanism. In this study， we investigated the time dependence of CNT growth 

using the gas source method. 

Si02(100nm)/Si substrates were introduced into a UHV chamber and Co cata1ysts (~ 

0.1 nm in thickness) were deposited on them by e1ectron beam (EB) evaporation. Then， 

ethanol gas was supplied onto the substrate surface through a stainless steel nozzle to grow 

CNTs. Supp1y of ethano1 gas was controlled by monitoring the ambient pressure of the UHV 

chamber. During the growth， the chamber pressure was kept at 1 x 10-1 Pa. The growth 
temperature was 700

0
Cラandthe growth time was varied from 1 to 60 min. The grown CNTs 

were ana1yzed by Raman spectroscopy and scanning electron microscopy (SEM). 

Figure 1 shows Raman spectra in the radia1 breathing mode (RBM) region for CNTs 

grown at various growth times from 1 to 60 min. When the growth time was 10 min， on1y 

RBM peaks 企omCNTs of 1ess than 1 nm in diameter were observed. As the growth time 

became 10ngerラCNTsof more than 1 nm in diameter appeared. These results indicate that the 

small-diameter CNTs are apt to grow faster than the 1arger闇diameterCNTs. From time 

dependence ofthe G band intensity， the incubation time was estimated to be about 30 sec. Our 

results suggest that the growth rate of CNTs is re1ated to the diameter of grown CNTs. 

A part of this work was carried out in cooperation with Dr. Uruichi and Prof. Yakushi 

of the Institute for孔101ecularScience (IMS)， Japan. 
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Patterned growth of CNTs through AFM nano・lithography

Chien-Chao ChiuO， Masamichi Yoshimura， Kazuyuki Ueda 

Nano High-Tech Research Center， Toyota Technologicallnstitute， 2-12-1 Hisakata， 

Tempaku， Nagoya 468-8511， Japan 

Abstract: 

The CNTs have been grown on a pattemed Si wafer using an AFM nano-oxidation 

technique that is an important method to fabricate nano devices. To remove the native 

oxide layer， a Si wafer was first cleaned by hydrogen f1uorides. Nano-oxide films with 

height of 0.6-4.0 nm were made by changing scan speed 0.5-4.0μm/s under applying 

5-10 V on the sample with respect to a Au coated AFM cantilever using a vector scan 

mode. Fe film was then coated by arc plasma deposition as a catalyst. After thermal 

annealing， Fe film on the bare Si area transformed into iron silicides through interfacial 

reaction， while the reaction was inhibited on the oxide pattemed area. High副density

CNTs were selectively grown on the extremely thin (1.5 nm-height) nano-oxide area Si 

by a home聞madeplasma-enhanced chemical vapor deposition. Figures 1 shows SEM 

images of a Si02 pattemed surface by AFM nano-oxidation(a) and CNT grown on the 

pattemed substrate(b). 

Figure 1. SEM images of(a) Si02 pattem and (b) pattemed growth CNTs. 

Reference: 1. 1. A. Dagata and et al.， Appl. Phys. Lett. 56 (1990) 2001. 

2. C.・C.Chiu and et al.， Surf. Coat. Tech. 200 (2006) 3215. 
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A Study on Chirality-Selectivity of Metal Catalyst Particles in CNT 
Synthesis by Alcohol-CCVD 

o Shogo Suzuki， Hideki Sato， Koichi Hata， and Kazuo Kajiwara 

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

In recent years， the chirality-selective synthesis of carbon nanotubes (CNTs) has been 
developed for industrial applications [1]. CNTs have metallic or semiconducting properties 

dependent on their diameters and chiralities. The size and morphology of catalyst nanoclusters 

play an important role in determining the diameter and chirality of CNTs synthesized by 

catalytic chemical vapor deposition (CCVD). At present， understanding of catalyst effects on 
the chirality-selectivity is a major issue to optimize the conditions of CNT synthesis with 

single chirality by the CCVD method. In this s印dy，quasicrystalline (QC) alloys as catalysts 
for CNT synthesis were investigated， which possess quasiperiodic structures with classically 
forbidden symmetry axes [2]. Among QC alloys found so far， two typical QC alloys were 
chosen as metal catalysts for CNT synthesis， (a) AI-Co-Ni alloy [3] in a decagonal phase with 
ten-fold symmetIγand (b) AI-Cu-Fe alloy in an icosahedral phase with five-fold symmetry. 

Al/Co乃..Jiand Al/Cu/Fe three-layered films (ca. 10 nm in total thickness) were 

deposited on Si/Si02 substrates by sequential electron-beam evaporation so as to become a 

perfect QC composition [2]. These samples were annealed at 450
0

C for 1h in a CVD reactor 

to form nanoclusters with a QC phase， followed by synthesizing CNTs at 700
0

C for 10 min 

by alcohol CCVD. These samples were characterized by using SEM， TEM， and resonance 
Raman spectroscopy. Fig.1 shows cross-sectional SEM images ofCNTs synthesized using (a) 

the Al/Co乃.Jifilm and (b) the Al/Cu/Fe film， and (c) an Al/Co film such as previously 
described [4]. It was found that vertically aligned CNTs were reproducibly synthesized by 
using these QC films as catalystsラ similarto the Al/Co film. Chirality-selectivity of these 

samples is to be presented in the symposium. 

Fig.1 Cross-sectiona1 SEM images of CNTs synthesized using (a) Al/Co府ifilm (with ιQC phase)， (b) 

Al/Cu/Fe film (with i-QC phase)， and (c) a conventiona1 A1/Co fi1m， as cata1ysts for a1coho1 CCVD. 

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

[2] Z.M. Stadnik (Ed.)， Physical Prope附esofQuαsicη'stals， Springer， Berlin (1999). 

[3] S. Ohmori et al.， Abstracts ofthe 24th Fullerene-Nanotube Symposium 20(P) (Jan.ふ10，2003)p.4l. 

[4] K. Hiasa et al.， Abstracts ofthe 32nd Fullerene-Nanotube Symposium 1P-19 (Feb. 13-15，2007) p.69 
Corresponding Author: Shogo Suzuki 

E-mail: shogo@em.elec.mie-u.ac伊，Tel/Fax: +81 59 231 9404 
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TEM observation of Carbon Nanotube Pattern 

fabricated on SiC(OOO・1)using Ta mask 

oYoko Hozumi1， Yo Yamamot02， Midori Mori1， Ta北ka油hi廿roMa印 yamaぷlヱ
Shigeya Nar丘出'1計i江ts叩uka1.2and Mi化ch副1註ikoKusunoki子3 

1 Department. of Materiαls Science & Engineering， Meijo Universiか

2 Meijo University 2 Ft CENTURY COE program“Nano Factory" 

3 Eco Topia Science Institute， Nagoya University 

It has been reported that zigzag-type carbon nanotubes (CNTs) grow after 

annealing SiC(OOO-l) substrate above 13000C in a vacuum [1]. For fabrication of CNT 

devices， it is necessary to grow CNTs at selected positions on the substrate. The mask 
patteming technique is a useful way of doing this. However， conventional mask 

materialsラsuchas Si02 or SiN， are unsuitable for selective CNT growth because of low 

sublimation temperature. To address this， we have been attempting to apply high 

melting point metal masks. In previous studies， we reported attempts for selective CNT 

growth using Ti mask. However， some portions of Ti mask melted and evaporated at 

around 1500
0

C [2]， therefore， mask material of higher heat-resistance has been 
desirable. In this study， Ta mask whose melting point is higher than that of Ti was 

applied for se1ective CNT growth. 
Stripe mask pattems (both width and interval were 10 f.lm) were fabricated on 

SiC(OOO-l) substrates using photolithography technique. They were heated at 1700
0

C 

in a vacuum for 30min. After heating， the samples were characterized by scanning 

electron microscopy (SEM)， X-ray photoelectron spectroscopy (XPS)， micro Raman 
spectroscopy and transmission electron microscopy (TEM). 

SEM observation and XPS measurement confirmed that， even after heating， Ta 

mask did not evaporate， maintaining the shape. TEM observation showed that CNTs of 

more than 200 nm in length grew on the SiC surface at the open area of the mask(Fig. 

l(a)). In contrastラ SiCdid not decompose below most of the mask area (Fig. l(b))， 

although CNTs of a few tens of nanometers in length were observed at some portions 

under the mask areas. These results indicate that Ta mask is more useful to obtain 

selective CNT growth on SiC substrates than SiN and Ti masks. 

A part of this work was supported by “Nanotechnology Network Project" of the 

Minisむ-yofEducation， Culture， Sports， Science and Technology (MEXT)， Japan. 
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Fig.1 TEM images of (a) CNTs formed in 
the open area and (b) SiC below the mask 
area. Ni was deposited on the sample 
surfaces as a protection layers during the 
sample preparation for TEM. 
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Growth mechanism of carbon nanotubes over gold-supported catalysts 

ONaoki Yoshihara/ Hiroki Ago，*，lム3and Masaharu Tsuji 
1ヱ

1 Graduate School of Engineering Sciences，幻JUshuUniversity， Fukuoka 816-8580， Japan 
2 Institute for Materials Chemistry and Engineering， Kyushu University， Japan 

3 P RESTO-JST， JIαl]Jan 

Recently， the growth of carbon nanotubes (CNTs) over gold (Au) cata1ysts has attracted 
interest [1，2]. Generally， Au is regarded as an inactive meta1 with a 10w cata1ytic activity 
and 10w carbon solubi1ity. Thereforeラitis interesting to study the growth mechanism and 

yie1d of CNTs over Au cata1ysts. We previous1y demonstrated that the ana1ysis of an 

effluent gas during chemical vapor deposition (CVD) is usefu1 for the understanding of the 

growth mechanism of CNTs [3]. Here， we investigated the growth of CNTs over 
Au-supported catalyst by examining various combinations of porous meta1 oxide supports and 

hydrocarbon feedstocks， with the aid of the gas analysis [4]. 
Figure 1 shows a SEM image of the filamentous carbon formed over the Au/ Ah03 

cata1yst with acetylene (C2H2) feedstock. The TEM measurements showed that these fibers 

are multi-walled carbon nanotubes (MWNTs) with diameters of 10-50 nm. These nanotubes 

are cur1y and defectiveラ andpart1y possess a bamboo-shaped structure. The carbon yield 

was much 10wer than that of typica1 Fe占10/MgOcatalyst. The Au/Si02 cata1yst a1so gave 

MWNTs， but no filamentous carbon was found on the Au/Ti02 and Au/MgO catalysts. 
As shown in Fig. 2a， we found that the Ah03 and Ti02 supports decomposed a certain 
amount of C2H2 feedstockラevenwithout Au. The deposition of the Au onto the Ah03 and 

Ti02 supports slightly increased the C2H2 conversion， but the deposition onto the Si02 support 
showed a1most no C2H2 decomposition (Fig. 2b). These results suggest that the nanotube 

growth is not direct1y re1ated to the C2H2 decomposition， and we think that interaction 
between gold and the metal oxide supports is important for the MWNT growth. 
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G' band Raman Spectrum of Single， Double， and Triple Layer Graphene 

*Jin Sung Par:k1l， Alfonso Reina Cecco2)， Riichiro Saito1)ラJingKong2)， Gene Dressselhaus3)ラ

恥1ildredS. Dresselhaus2)ラ4)

1) Department of Physics， Tohoku University and CREST JST， Sendai 980-8578， Japan 

2) Department of Electrical Engineering and Computer Science， 3)Francis Bitter Magnet 

Laboratory， 4) Department of Physics， Massachusetts Institute of TechnologyラCambridge，MA 

02139-4307， USA 

Graphene is the two-dimensional layered hexagonal lattice of carbon atoms. Recently， our 
collaborators have measured Raman spectra by controlling number of graphene layer 仕om
single layer to three layers and with changing excitation laser energy. In the spectra， we 
observed that the shape and intensity ofthe G' band depend on number of graphene layer and 
that the G' /G intensity ratio and G' peak position are changed by excitation laser energy. The 
G' band peak in single layer becomes strong and sharp comparison to double and triple layers. 
The integrated G' /G intensity ratio for single layer seems to follow (Elaserr4. The G' band in 
graphene is due to two phonons scattering with opposite momentum in the highest optical 
branch around the K point. By considering the unit cell of double and triple layer grapheneラ
we calculate the electronic structure for each number of layers. As the result， the electronic 
two linear bands of single graphene layer around Fermi level is split to two (three) bands by 
the interlayer interaction. This split electronic band plays an important role to determine the 
G' band shape and intensity in double and triple layers. We will neglect the splitting effect of 
the phonon branches in two and three graphene layers because of very small splitting of the 
phonon branches (1.5 cm-1) [1]. In order to calculate G' band Raman spectrum， we have 
considered the electron-phonon interaction matrix and electron -photon interaction matrix as 
nominator ofthe Raman intensity formula by using extended tight binding model [2]. 

Reference: 

1) A. C. Ferrari et al.， Phys. Rev. Lett.， 97， 187401 (2006) 

2) Ge. G. Samsonidze， Doctor thesis， MIT， (2006) 

*Email address: Dark~flex.Dhys. tohoku.ac. iD 

-61-



lP-12 

Influence of Cathode-Anode Distance 
on Field Emission Properties for Bulky CNT Emitters 

o Huarong Liu，，2， Shigeki Kat03， Yahachi Saito' 
'Department ofQuantum Engineering， Nagoya UniversityラNagoya464-8603， Japan 

2Yenture Business Laboratory， Nagoya University， Nagoya 464-8603， Japan 

3High Energy Accelerator Science Institute (KEK)， Ohhol-l， Tsukuba， Ibaraki 305-0801， Japan 

The remarkable properties of carbon nanotubes (CNT) make it possible to produce 

large-area emitters. However， there is an obvious discrepancy in reported field emission (FE) 

properties of these emitters and it can not be explained by only the adopted CNT geometry [1 J. 

In this paper， the influence of cathode-anode distance (gap) is investigated， and it is shown that 

the gap can greatly affect the FE properties ofbulky emitters. 

CNTs produced by arc-discharge technique were fixed on Ti-coated metal substrates by a 

“rooting" technique [2]. FE tests were conducted at gaps from 0.1 to 0.8 mm in a UHY 

chamber with a base pressure of 10-9 Pa after an aging test. Finally， a test at a gap of 0.8 mm 

was done again to confirm the FE reproducibility. 

A group of emission current density (J)-applied field (EA) curves are shown in Fig. 2(a) for 

one typical emitter (~1 mm2). E A， to obtain a given current， shifts to low fie1d direction with the 

increase of gap. Fowler-Nordheim (F司N)plots in Fig. 2(b) shows that the increase of gap can 

enlarge the field enhancement factor (戸).The reason is ascribed to the phenomenon that 

emission sites can obtain more local electric field with the gap increase. 
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Figure 2. a) J-EA curves and (b) F-N plots. 
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Applications of vertically well-aligned CNT films to capacitors 

OHaruo Kato， Mi化chi廿ikoKusunoki戸B時牛fドミ"Shi註19伊ey戸u北kiSugimotωO * * ，ぷKu狂mihi廿roSugi出ha訂ra丸*ド=
Noぽn坊yoωsh副iShi出ba瓜ta

2-4-1 Mutsuno Atsuta-ku Nagoya， 456-8587，Japan Japan Fine Ceramics Center 

申Furo-choChikusa-ku，Nagoya 464-8603，Japαn 

Eco Topia Science Institute， Nα'goya University 

**20-1 Kitasekiyama Odaka-cho Midori-ku. Nagoya459-8522，Japan 

Chubu Electric Power Co. ，Inc 

Abstract: Electric double-layer capacitors are applied as electric sources of electronic 

devices and are important in terms of energy storage technology. High levels of power 

density and energy density， and long life spansラaredesirable. We achieved high levels 

of performance in electric double-layer capacitors by controlling the nanostructures of 

well-aligned and high-density CNT films formed by SiC surface decomposition 1). The 

CNT growth is accompanied by a selective desorption of silicon from the SiC surface 

leaving free carbon that then forms into nanotubes without the use of catalyst metals. 

The thin film electrode with vertically 

aligned zigzag-type CNTs 5μm in length 

on the graphite layers 27μm in thickness 

has been developed. This closed-packed 

CNTs electrode has high conductive 

pathways and results in low electric 

resistance. As the results by introducing an 

electrochemical activation pretreatment， 

the obtained capacitance of the CNT film 

was 100F/g and no decrease in degree of 

capacitance under conditions of higher 

current density was confirmed in 

electrolytic 

solution 
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In-situ observation of welding process of a muti幽walledcarbon 
nanotube to metal surface 

OKojiAsak弘HitoshiNakahara今andYahachi Saito 

Department 01 Quantum Engineering， Nagoya Universiザ~ Furo-cho， 
Nagoya 464-8603， Japan 

A single multi-walled carbon nanotubeラ encapsulatinga nanometer-sized 
platinum particle， was manipulated inside a high-resolution transmission electron 
microscope combined with a piezo manipulator.ヲ andwas welded to a platinum surface. 
The structural dynamics during the welding were in-situ observed by high-resolution 
imaging operated at 120 k V with a television system. 
Figures (a)ー(c)show time同sequentialimages of a welding procedure of a single 

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

electron field emlSSlon and its electron field emlSSlon properties were also in-situ 

measured at various gap distances with simultaneous imaging. 

Figures (a)ー(c)Time-sequential image of a welding procedure of a carbon nanotube. 
(d) Low magnification image of a single nanotube emItter fabricated by welding. 
The tip-diameter and the length ofthe nanotube are 5 nm and 176 nm， respectively. 

Corresponding Author: Koji Asaka 
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Formation ofHoneycomb Structure on PET Using 
Soluble Carbon Nanotube 

oNobuo Wakamatsu， Hisayoshi Takamori， Tsuyohiko Fujigaya， 
and N aotoshi N akashima 

Depαrtment of Applied Chemistry， Graduate School of Engineering， Kyushu University， 

Fukuoka， Japαn 

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

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

oT.Y amashita， K.Asaka， H. Nakahara， and Y. Saito 

Dept. 01 Quantum Eng.， Nagoya University， Furo-cho， Nagoya 464-8603 

Field emission of electrons from a multiwall carbon nanotube (M¥¥明T)with a closed end 
occurs p児島rentiallyfrom pentagons at the cap when the nanotube surface is clean. It has 
been shown that the electron emlSSlOn is enhanced from the adsorbed molecules when 
residual gas molecules adsorbed on the surface. In this work， effects of methane adsorption 
on the surface ofMWNTs were studied by field emission microscopy (FEM). 
MWNTs produced by arc discharge were attached to a tungsten hairpin by graphi-bond. 
The base pressure of the FEM chamber was ~ 1.0 X lQ'7[pa]. Methane was adsorbed on 
MWNTs with applying the electric field under the pressure of ~ 1 O.6[pa] for 10 minutes. 
Adsorption process was also carried out without applying the voltage in order to investigate 
the effect of an electric field. 
Figs. l(a) and (b) show FEM p剖ternsof a 
clean surface and methane-adsorbed surface of a 
M¥¥弓.JT，respectively. A cross-like pattern as 
indicated by a circle in Fig. 1 (b) is observed 
during the exposure to methane， and we assume 
that the pattern corresponds to a molecule of 
methane. Since a methane molecule has the 
tetrahedral structureラ itlooks like a cross when 
the two-fold symmetry axis is normal to the 
substrate as illustrated in Fig. 2. 
Current(l)-voltage(ηcurves before and after 
methane adsorption are shown in Fig.3. The 
emlsslOn curr・entwas remarkably increased 
after the methane adsorption. The dashed 
curve in Fig.3 shows an 1-V curve after flashing 
to desorb adsorbates. The current was 
decreased after flashing， suggesting that 2 

adsorbates were removed. However. FEM ミ
patterns did not show the clean surface afterthe215 
flashing， indicating伽 tsome molecules or i 1 
fragments still remained after the flashing. 
When MWNTs were exposed to methane gas 
under no electric field， the MWNT emitter did 
not show significant change in 1-V curves as 
well as FEM patterns after the expose to the gas， 
compared with those before the exposure. 

Fig.l FEM patterns (a) before 
and (b)after methane exposure 
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Culture of Osteoblast-like Cells on Transparent Conductive Thin Films 

with Carbon N anotubes 

o Tsukasa Akasaka¥Atsuro Yokoyarna1， Makoto Matsuoka¥Shigeaki Abe 1 ， 
Motohiro Uo¥Yoshinori Sat02

ラ
KazuyukiTohji2， Takeshi Hashirnot03ラFurnioWatari 

1 

1 Graduate School 01 Dental Medicine， Hokkaido University， Sapporo 060-8586， Japan 

2 Graduate School 01 Environmental Studies， Tohoku Universiか"Sendai 980四8586，Japan 

3 Meijo Nano Carbon Co. Ltd.， Nagoya 460-0002， Japan 

Although carbon nanotubes (CNTs) have been wide1y studiedラ rnostof the 

studies focused on the physica1 and e1ectrica1 fie1ds， with very few on biornedica1 

app1ications. Our previous study showed the excellent cell growth on sing1e-walled 

carbon nanotubes (SWCNTs) and rnulti-walled carbon nanotubes (MWCNTs) and 

which irnplies that CNTs cou1d be suitab1e scaffo1d for cell cu1ture [1，2]. Howeverラthere

is scarce inforrnation about cellu1ar response to the cu1ture substrates with CNTs. The 

airn of the present study was to investigate the cell responses on CNTs coated 

po1ystyrene (PS) dishes with the abi1ity of transparent conductive thin filrn. 

On CNTs coated dishes， SaOs2 cells were seeded and cu1tured in DMEM with 

10%FBS for severa1 days. The nurnber of SaOs2 on 

SWCNTs was greater than that on cell cu1ture PS. In 

the 10w concentration of FBS， SWCNTs were rnore 

effective in 1ife extension and pro1iferation than 

genera1 cu1ture dishes. Hence， SWCNTs thin fi1rns rnay 

be usab1e to cu1ture substrate for transfection， ELISA 

ana1ysis， e1ectrica1 stirnu1ationラandso on. On the other 

hand， MWCNTs were advantageous at the points of 

cell adhesion， cell rnigration， and a1ka1ine phosphatase 

activity. These results shows SWCNTs and MWCNTs 

are suitab1e and different too1s for cell cu1ture. 
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In Situ TEM Study on Field Emission Property of an Isolated CNT 

oKensuke Okumura， Koji Asaka and Yahachi Saito 

Dept. 01 Quantum Eng.， Nagoya University， Nagoya 464-8603， Japan 

Carbon nanotubes (CNT) are promising candidates for cold cathode electron field emitters 

because of their excellent electrical conductivity， chemical inertness， mechanical strength and 

needle-like shape with high aspect ratio that brings about field enhancement on their tips [1]. 

For the practical use of CNT emitters， the field emission properties of CNTs must be clarified. 

In this work， the field emission property of the CNT emitter which is an isolated multi-wall 
nanotube (M¥¥明T)attached to a tungsten needle was studied by in si印 transmissionelectron 

microscopy (TEM). 

A small bundle of MWNTs was attached to the tip of a tungsten needle by electrophoresis. 

The CNT emitter and a gold anode were mounted in a special sample holder for TEM (Fig.1). 

The diameter of this MWNT is about 6 nm and the length of the bundle suspended from the 

W tip is about 8μm. The distance d between the CNT emitter and the gold anode was 

varied between 0.1μm and 10μm. The electric voltage was 'j(YIIf “ 
applied form 0 to 100 V， and then it was decreased. The W tfp 
voltage at which the emission current became 10 nA was 

defined as the threshold voltage Vt. The field emission 

measurement was carried out before and after the exposure of 

the emitter to atmosphere. 

Figure 2 shows that the fうagainstthe gap length d. 

Before the exposure to air， the fうwas52V at d= lO~m and 
25V剖 d=O.lμm. After the exposure， however， the Vt 
increased to 57V at d=lOμm and 30V at d=0.1μm. This 

increase in Vt may result 企omthe degradation of CNT caused Fig.1. TEM image of the 
by the field emission or the exposure to air (Fig.3). experimental arrangement. 
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Fig.3. TEM images of the tip of a MWNT 
(a) before the field emission (FE) and (b) 
after the FE and exposure to air. 
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Fabrication Process of Carbon Nanotube FETs 
U sing ALD Passi、rationfor Biosensors 

oy Nakashima1， Y Ohno1
ラ
S.Kishimoto1， 2， M. Okochi3

ラ
H.Honda3， and T. Mizutani 1 

2lDept.4Q14mtum Eng.，Nagoya Univ.，Ftiro-cho，chiKum-ku，lVGgoyG464-86039Jopm 
Ventu陀 BusinessLaboratory， Nagoya Univ.， Furo-cho， Chikusa-ku， Nagoya 464-8603， Japan 
J Dept. 01 Chemical Eng.， NagoyαUniv.， Furo-cho， Chikusa-ku， Nagoya 464-8603， Japan 

Carbon nanotube (CNT) FETs have received much attention for a variety of applications. 
Among them， CNT・.FETsensors a問 attractivebecause of their potentia1 for high-sensitive and 
1abel-free operations [1， 2]. In order to imp1ement the CNT・.FETbiosensors， deposition of the 
passivation fi1m on the device surface is important to suppress the 1eakage current between 
e1ectrodes through the e1ectro1yte and to avoid the inf1uence of an environmenta1 charge. 
However， the問 isa technica1 issue that the deposition of the insu1ator fi1m sometimes causes a 
decrease of a drain current [3]. In this study， we have app1ied atomic 1ayer deposition (ALD). 
It has been confirmed that the ALD is usefu1 for the passivation of the device surface. 
Biosensor operation was confirmed by CNT-FETs fabricated using the ALD passivation自1m.
Figure 1 shows a schematic cross section of the fabricated CNT-FETs. Following the 

fabrication of the back-gate CNT-FETs， Hf02 film (50 nm) with a 1arge die1ectric constant 
W出 depositedon the device surface by ALD at 250ρC. Hf02 was chosen as a 
passivationltop-gate insu1ator to realize a 1arge transconductance of the device. The step 
coverage was ve巧Tgood and no 1eakage current was observed in the Hf02-passivated device 
being immersed in the e1ec仕olyte.Finally， a top-gate e1ectrode was formed. 
Figure 2 shows the typica1 ID-VBG characteristics of the device before Hf02 deposition 

and after top-gate e1ectrode formation. Even though the hysteresis did not decrease by the 

ALD passivation (not shown)， it drastically decreased by the top-gate e1ectrode formation as 
shown in出efigure. This is probab1y due to that the effect of environmenta1 charge which 

caused hysteresis was shielded by covering the device surface by the top-gate e1ectrode. 
Biosensor measurement was performed by measuring the ID when the enzyme 

Cytochrome c (pI=10.25ラ 30μmo1/m1) containing solution was dropped into the 
phosphate-buffer (PB) solution (pH=7.0). Figure 3 shows the ID-VGref (reference e1ectrode 

voltage) characteristics before and after dropping Cytochrome c containing solution. The ID 
increase and the thresho1d voltage shift of 0.12V were observed， which confirms the detection 

of the enzyme. í一一一τム.~ A~_~";，;~_ 1. 4 

。
VBosCV) 

Fig. 1 CNT-FET sensor Fig. 2 ID-VBG characteristics 
[1] A. Star et al.， Nano 1ett. 3，1421 (2003). 
[2] A. Kojima et al.， Jpn. Appl. Phys. 44， 1569 (2005). 
[3] K. Tani et al.， Jpn. Appl. Phys. 45， 5481 (2006). 
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Electron Optical Evaluation of Carbon Nanotube Field-Emitter 

o T. Kono， K. Asaka， H. Nakahara and Y. Saito 

Carbon nanotubes (CNTs) have high potential for application to electron 

sources of high resolution electron microscopes. In this work， we investigated 

current-voltage characteristic and brightness of CNT field凶emitters.

Multi-wall carbon nanotubes produced by arc discharge are glued on top 

hairpin filament. An electron optical system used in the 

present experiment is shown in Fig. 1. The position of the CNT emitter 

relative to the extraction electrode is adjusted by a x-y四zgoniometer. An 

electron beam emitted from CNTs is accelerated by an anode， and focused by 

an einzel lens to a screen. A knife edge is positioned between the lens and 

Nagoya 464-8603 Dθpt. of Quantum E刀gリルagoyaUnivjθTsity， Furo-cho， 

tungsten of a 

the screen to measure the beam size. 

Fig. 2 shows an example of a beam profile. A dashed line is Gaussian 

fitting for differential current. From FWHM of the Gaussian fitting， a beam 

size is estimated approximately 0.14 mm. The brightness is calculated as 

0.241 AJcm2・sr，being much smaller by several orders of magnitude than that 

field emission 
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Studying the Same-Handedness in Double-Walled Carbon Nanotubes Using the 

Dispersion-Augmented Density Functional Tight Binding Method 

OStephan Irle， Raviprasad Krishnamurthy， Keiji Morokuma 

1 Institute for Advanced Reseω'ch and Department of Chemistry， Nagoya University， Nagoya 

464-8602， Japan; 2Fukui Institute for Fundamental Chemistry， Kyoto University， Kyoto 606-8106; 

3Nanotechnology Victoria， Monash University， Clayton 3800，日ctoria，Austrαlia 

Prompted by the experimental finding that 

same-handedness is preferred in double-walled carbon 

nanotubes (DWNTs) with chiral tube components [1]， 

we have investigated the thermodynamic stabilities of 

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

well as infinite-length D羽TNTmodel systems. Tested 

systems were a) right-right (RR) (l4，3)@(l7，1O)， b) 

left-right (LR) (3，14)@(17，1O)， c) right-left (RL) 

(14，3)@(l0ヲ17)，and d) left-left (LL) (3，14)@(l0，17)， as well as RL-and RR-combinations of other 

Figure 1. (l4，3)@(l7，1O) (left) and 

(3，14)@(l7，lO)right， 30A models 

DWNT systems. As quantum chemical potential we have used the dispersion回augmenteddensity 

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

approach which combines quantum chemical potential with a London 1/R6 dispersion term， using 

MP2/SVP geometry optimized l-ring model components induding computation of larger basis set 

single-point energies and basis set superposition effects， but did not find any thermodynamic 

preference for systems either of the DWNT combinations. 

As long as the tube diameters are identical， attractive dispersion forces are also identical 

between the sidewalls so that a continuum model serves in fact as a good description. The origin 

for same制handedness，if it exists， must stem from the formation process and could be kinetically 

controlled， rather than originating in a thermodynamic stability preference. 

References: 

[1] Liu， Z.; Suenaga， K.; Yoshida， H.; Sugai， T.; Shinohara， H.; Iijima， S. Phys. Rev. Lett. 2005，95，187406. 

[2] Elstner， M.; Hobza， P.; Frauenheim， Th.; Suhai， S.; Kaxiras， E. J. Chem. Phys. 2001， 114， 5149. 
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Electronic properties of hybrid (DNA/SWCNT) thin film 

OYusei Maruyama
1
， Satoru Motohashi1， Masa戸lkiTanaka 1， Biao Zhou2， Akiko Kobayashi

2
， 

Hironori Ogata 
1 

lResearch Center戸rMicrolNano 1きchnology，Hosei Universi帆 Midorichou，Koganei，おかo

184-0003， Japan 

2 Department of Chemistry， College of Humanities and Sciences， Nihon University， 

Sakurajousui， Setagayα，おかo156-8550， Japan 

It is known that there are some significant interactions between DNA molecules and carbon 

nanotubes [1，2，3]. In this report， some electronic properties， such as electricalラmagneticand 

optical， of“hybrid" material (DNA/SWCNT) thin films were measured to identi今 the

electronic interactions between them. 

The film was prepared by super-sonication of s呂田DNA(calf-thymus) and SWCNT 

(NANCOS INC.) in ultrapure water for 2 hrs， followed by the evacuation ofwater. The typical 

thickness of the film was several tens microns and the appearance was black-metallic-shiny. 

The morphological study for this material was veηpreliminary and the SEM image showed 

just f1at view. TEM and STM studies are on the way. 

The temperature dependence of magnetism of the film observed by SQUID showed no 

significant difference from the signal of SWCNT itsel王Thismeans that there is no significant 

magnetic interaction between them or the magnetic impurity in SWCNT sample may mask the 

effective modulation. 

The typical electrical conductivity was 2.5 S/cm at room-temp. and the temperature 

dependence of the resistivity was best-fitted to the plots of 2-dimensional variable-range 

hopping regime. This means that the film is essentially metallic 2-dimensional material. 

The remarkable modulation due to hybridization in the Raman-scattering spectra of the 

radial由breathingmode was the reverse in the relative intensity in the lowest wave number 

region. This result means that the number of thickest“free" tubes was reduced due to 

hybridization. 

[1] M. Zheng et al. Nature Mateχ2 (203) 338. 
[2] N. Nakashima et al. Chem Lett. 32 (2003) 456. 
[3] M. 1リimaet al. Chem. Phys. Lett. 414 (2005) 520. 
Corresponding Author: Yusei Mぽuyama
E-mail: vusei.maruvama.kd@'k.hosei.ac.io 
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Theory of superconductivity by the edge states in graphene 

K. Sasaki10， M. Suzuki1， R. Saito1， S. Onari2， Y. Tanaka2 

1 Department of Physics， Tohoku University and CREST， JST， Sendai 980-8576， Japan 

2Department of Applied Physics， Nagoya University， Nagoya 464-8603， J(ψan 

Superconductivity in graphite intercalation compound (C6Ca) and single-wall and 

multi-wall carbon nanotubes has been attracting much attention due to its high 

superconducting transition temperature above 10 K [1]. However， the density of states 

(DOS) near the Fermi energy of graphene is not sufficient to explain the observed high 

transition temperature. Thus， the mechanism of the superconductivity is an important 

lssue. 

The STS measurements [2] show an anomalous DOS near the Fermi level of graphene 

which is relevant to localized edge states [3]. The edge states significant1y enhance the 

local DOS near the zigzag edge. Thus， it is valuable to examine the effect of the edge 

states on the superconductivity. 

Using the Eliashberg equation， we obtain an appreciable transition temperature for the 

edge states [4]. We found that the effects of the Coulomb interaction and F ermi energy 

position are sensitive to the formation of superconducting gap. We report on the 

calculated STS spectrum near the zigzag edge and discuss the condition for observing 

the edge state superconductivity. 

明司lenthe edge states become a superconducting state， a metallic zigzag nanotube 

having open boundaries can be regarded as a natural SuperconductoI乃~ormal

metal/Superconductor junction system， in which superconducting states are developed 

locally at both ends of the nanotube and a normal metal exists in the middle. In this case， 

a signal of the edge state superconductivity appears as the Josephson current which is 

sensitive to the bandwidth， the position of the Fermi energy and the length of a 

nano同be.

[1] Wel1er et al.， Nature Physics 1， 39 (2005); Tang et al.， Science 292， 2462 (2001); Takesue et al.， Phys. 

Rev. Lett. 96， 057001 (2006). 

[2] Y. Niimi et α1.， Appl. Surf. Sci. 241，43 (2005); Y. Kobayashi et al.， Phys. Rev. B71， 193406 (2005). 

[3] M. Fujita et al.， J. Phys. Soc. Jpn. 65， 1920 (1996). 

[4] K. Sasaki et al.， J. Phys. Soc. Jpn. 76，033702 (2007). 
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Electrical transport properties of aza白llereneCs9N encapsulated single-and 

double-walled carbon nanotubes 

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

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

In this workちthee1ectrical transport properties of azafullerene Cs9N encapsulated single-

and double-walled carbon nanotubes (SWNTs and DWNTs) are investigated by fabricating 

them as the channels of field effect transistors (FETs). The synthesis of C59N fullerenes is 

realized by a nitrogen-plasma irradiation method， and they are confirmed by a 

laser-deposition time-of-flight mass spectrometer. The encapsulation of Cs9N azafullerenes 

into SWNTs or DWNTs has been prepared by either a vapor reaction method or a plasma 

irradiation method， which is confirmed in detail by a transmission electron microscope (TEM， 

Hitachi H巴2000)operated at 200 kV and Raman spectroscopy (Jovin Yvon下64000)with an 

Ar laser at 488 nm. The transport properties of azafullerene peapods are studied in both dark 

and upon light illumination. Compared with p-type characteristics of C60 fullerene 

encapsulated SWNTs (Fig.1) or DWNTs， our results indicate that n-type semiconducting 

S¥¥明Ts(Fig.2) or DWNTs can be formed by the Cs9N fullerene encapsulation， demonstrating 

electron donor behavior of Cs9N， which is in excellent agreement with a related theoretical 

predication [1]. The photoinduced transport characteristics of peapods are also investigated， 

and the distinct response of FET devices to light is reflected in a shift of threshold voltage 

toward negative voltages. More interestinglぁafterremoving of the light the photoresponse is 

fully recoverable. 
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Embedding of Carbon N anotubes on Silicon substrates for use in Solar Cells 

Abhishek KumarO， Nikhi1 Dhawan̂ 

。MaterialsScience and Engineering Department， Stanford University， California， 94305， USA 
M̂etallurgical Engineering Department， Punjab Engineering College， Chandigarh， INDIA 

Abstract 

Carbon nanotubes bundles were precisely grown atop a p-type si1icon wafer that had been treated 
with catalysts to produce geometries that resemble three-dimensional nano-models to extract 
more power from the sun. The embedded carbon nanotubes bundles on si1icon wafer promise 
more opportunity for each photon of sunlight to interact with resulting solar cell， as a result of 
increase of surface area available to produce electricity. The paper discusses morphology and 
properties of grown nanotubes on si1icon wafer along with future prospects of Si-CNTs 
fabricated solar cells. 
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Synthesis of single-walled carbon nanotubes by arc plasma reactor 
with twelve-phase alternating current discharge 

OT-Matsu11ral，Y.Kondol，N.Makil，Y.Itol，K.Matsumoto2，N.TaII111rd，Y.Taird，R.Ehard 

1 lndustrial Technology Center 01 Fukui Pr句作cture，Fukui， ~αrpan 
2 Department 01 electronics and iriformatics， Toyama pr，φcture仰 iversity，Toyama， Japan 

Abstract 

Several methods for synthesis of CNTs such as DC arc-discharge [1， 2]ラlaserablation and 
thermal chemical vapor deposition (CVD) have been presented. The DC arc-discharge 
method can synthesize CNTs in highest quality than the other methods mentioned above. 
However， its yie1ds are much lower. Up to date， CVD method is the mainstream of mass 
fabrication of CNTs [3]. In order to avoid the disadvantage of the DC arc-discharge method， 
the twelve白phaseAC arc-discharge method has been developed [4]. In generalラ multi-
ple-phase AC discharge plasma has unique features as follow [5， 6]; (a) no discharge break 
in spite of using very low frequency (in this case 60Hz) discharge， (b) rotation of discharge 
area depend on the frequency of the power sourceラ(c)very low velocity and enriched uni-
form plasma production in wide space， almost 180mm in diameter， surrounded by multiple 
electrodes. Single-walled carbon nanotubes (SWCNT) are synthesized in methane gases by 
using this new type of arc plasma reactor. The felt like SWCNTs shown in Fig.1 are observed 
in high yield. The structure shown in Fig.2 of the inner diameter and the outer diameter is es-
timated 3nm and 4nm， respectively. The highest ratio of G-band (1580cm-1) and D-band 
(1360cm-l) measured by Raman spectrum shown in Fig. 3 is approximately 14. The catalyst 
was fed from the carbon electrodes containing 4.2%Atom-Ni and 1 %Atom-Y. The effects of 
substrate temperature， gas pressure， kind of gas were investigated. 
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Fig.3 Raman spectrum 
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Electronic structures at edges of carbon nanotube and 

molecular dynamics simulations 

o Hirofumi Sakashita1， Tatsuki Oda1， Nobuhisa Fujima2 

1 Graduαte School of Mαtural Science and Technology， Kanazawa University 

Kanazawa， 920-1192， Japan 
2Facul，砂ofEngineering， Shizuoka University， Hamamatsu， 432・8561，Japan 

Cutting surface and edge of carbon materials are important in electronic conductivity and 

growth of materials， etc. When a catalyst is adsorbed at an edge in a growing carbon nanotube 

(CNT)， we are interested in the change of electronic structure. The catalyst such as iron， nickel 

and cobalt， usually has a magnetic moment and the magnetism should be taken into account 

in study of the electronic structure. In investigations of edges for carbon materials， Fujita and 

his co-workers found that there are localized electronic states which are called 'edge-state'[l] 

at zigzag edges terminated by signle hydrogen atoms. Since this discovery， many theoretical 

studies have been performed for zigzag edges. Supposing the 'root-growth'[2] model in which 

the CNT grows up with the catalyst kept on the substrate， we would like to c1arify electronic 

structures at CNT edges. 

We have investigated electronic structures at armhair-and zigzag-edges without hydrogen 

termination and when the iron atom is adsorbed to each edge by using first田principlescalcu-

lation based on the Kohn-Sham theory. We used a pseudopotential plane wave method and 

a generalzied gradient approximation. We have calculated the armchair-and zigzag-ribbon， 

CNT(5，5) and (9，0) which have armchair-and zigzag edges at both side， respectively. Further-

more， we have calculated these CNTs which are c10sed by a half of fulleren C60 at one side， 

and adsorbed by an iron atom at the other side. 

In armchair edges， the HOMO and LUMO which form 1トbondingshave weights at the 

nearest neighbor atom of the edge rather than the edge atom itself. In zigzag edges， both the 

dangling bond state and pz component are c1early spin田polarizedaround the Fermi level and 

thus， the edge atoms have a magnetic moment. The spin-polarization of the pz component is 

slightly weakened by the curvature of CNT， compared with results in the zigzag-ribbon. 

We will present the atomic and electronic structures in the CNTs which adsorb an iron atom 

and some of molecular dynamics simulations in growing CNT. 

Reference 
[1] M. Fujita， K. Wakabayasi， K. Nakada， and K. Kusakabe， 1. Phys. Soc. Jpn. 65， 1920 (1996) 
[2] 1. Gavillet， A. Loiseau， C. Joumet， F. Wi11aime， F. Ducat巴lleand J. C. Charlier， Phys. Rev. Lett. 87，275504 
(2001) 
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Phase transition from Tomonaga-Luttinger liquid states to 
superconductive phase in carbon nanotubes 

OM.Matsudaira1， J.Haruyama1へNT.Sugai3，4ぺラH.Shinohara3，4 

lAoyama Gakuin University， 5-10-1 Fuchinobe， JGαnagawa 229-8558， Japan 
LToわ70Uniνersiか"7-3-1 Hongo， B閉め!o-ku，あわ!o113-0033， Japan 
J Nagoya University， Furo-cho， Chigusa， Nagoya 464-8602， ，J;中仰
4JST-CREST， 4-1-8 Hon-machi， Kawaguchi， Saitama 332同0012，Japan 

Abstract: We have reported superconductivity (SC) in arrays of multi-wal1ed carbon 
nanotubes (M¥¥明Ts)from viewpoints of both abrupt resistance drop with T c = 12K [1] 
and孔1eissnereffect with Tc = ~20K [2]. Based on these reports， some theories for the 
SC have been proposed and are attracting considerable attention [3-5]. One of the very 
interesting points of the SC is electron correlation in one-dimensional space; i.e.， 
interplay between SC phase (phonon-mediated attractive Coulomb interaction) and 
Tominag仕Luttingerliquids (TLL; repulsive Coulomb interaction). 
Hereラ wereport the detailed observation of this interplay in re1ationships of 
normalized conductance vs. ev/kT of partial1y end四bondedM\\巾~Ts [6]. We find that the 
observed results are qualitatively consistent with previous reports of TLL states in CNTsラ
while a deviation due to emergence of the SC appears at temperatures < T c and smal1 
e V/kT values. We interpret this based on carrier-doping and low-energy theory [7]. Half 
caηier fil1ing and a large electron-phonon coupling parameter may lead to electron 
coupling with low-energy acoustic phonons and， then， cause transitions from 
spin-density wave regime to SC phase via TLL states. 
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Cooperative Behaviors in Carbene Additions 

through Local Modifications ofNanotube Surface 

OTakashi Yumura1 and Miklos Kertesz2 

1 Department of Chemistηαnd Materials Technology， Kyoto lnstitute ofTechnology， 

Matsugasaki，おわ10-ku，め10to，606-8585， Japan 

2 Department of Chemistry， Georgetown Universiか，37thand 0 streets NW  Washington DC， 

20057 1227， USA 

Chemical白nctionalizationin which covalent bonds are formed between adsorbents 

and a single walled carbon nanotube (SWNT) can modify interesting properties of a SWNT. 
Up to now， only highly reactive reagents are available to attach covalently into a SWNT 
surface. For example， Haddon et al. reported that S¥¥明Tstreated by nitric-acid were 
successfully functionalized by divalent carbene-derivatives [1]. Due to their highly chemical 

reactivities， it is quite difficult to control their adsorptions sites. 
In order to develop a strategy for site-specific functionalization of a nanotube by 

carbene (CH2)ラweinvestigated two carbene additions to a (5，5) SWNT by means of density 
functional theory (DFT) PW91 calculations using periodic boundary conditions [2]. As a 

result， we found cooperative behaviors in binding sites between the first and second CH2 
absorbents through“local" modifications of the SWNT surface induced by covalent bond 
formation with an inner CH2 
molecule. In contrast， such local 
modifications cannot be observed in 
the case of bond formation between 

the SWNT and an outer CH2 
molecule. Thusラ thePW91 DFT 

calculations show that the local 

modifications， created by the 
endohedral addition， influence site 
preferences for second CH2 
additions， and the effects are 
limited to the vicinity of the binding 
site. 

References: 
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Location of the Metal Atoms in Ce2@C78 and Its Bis-silylated Derivative 

OMichio Yarnada，l Takatsugu Wakahara，l Takahiro Tsuchiya，l Yutaka Maeda，z Takeshi 

Akasaka，l Kenji Yoza，3 Naomi Mizorogi，4 and Shigeru Nagase4 

lCenter for Tsukuba Advanced Research Alliαnce， University ofTsukuba， Tsukuba， lbaraki 

305・8577，Japan， 2Department ofChemistη，あわ10Gakugei Universiη" Koganei，あわ10184-

8501， Japan， 3sruker AXS K. K.， Yokohama， Kanagαwa 221-0022， Japan， 4Department of 

Theoretical and Computational Molecular Science， lnstitute for Molecular Science， Okazaki， 

Aichi444-8585，Japan 

Abstract: Endohedral metallofullerenes have received extensive attention owing to their 

fascinating structures， properties and chemical reactivities.1 Especially， considerable interest is 

now directed toward the dimetallofullerenes such as La2@C80
2 and Ce2@C80

3 because of the 

three-dimensional random motion of the two metal atoms inside the fullerene cage. However， 

the dynamic behavior of the metal atoms in other dimetallofullerenes has not been 

investigated yet. Herein we report the synthesis and characterization of Ce2@C78 and its bis-

silylated derivative. The location of the metal atoms in Ce2@C78 and the bis-silylated 

derivative has been investigated by means of spectroscopic and single幽crystalX -ray structural 

analyses.4 

θ+ 〈一
Scheme 

A ニez
1 Figure. ORTEP drawing of 1. 
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13C NMR Spectroscopic Study of 

13C-enriched Carbide-encapsulated Scandium Metallofullerenes 

Yuko Yamazaki/ Koji Nakajima/ Takatsugu Wakahara/ Tsuchiya Takahiro，l Yutaka Maeda，2 T;弘正eshi

Akasaka，*，I Markus Waelchli/ Naomi Mizorogi，4 Shigeru Nagase*，4 

1 Center for Tsukuba Advanced Resωrch Alliance， University ofTsukuba， 2Department ofChemistlヲ1，

あわ10Gakugei University， 3Bruker BioSpin K. K.， 4Dψαrtment of Theoreticα1 and Computational 

Molecular Science， Institute for Molecular Science 

Much attention has been paid to encapsulation of a metal carbide， since the first isolation and 

characterization of a metal carbide-encapsulated metallofullerene， SC2C2@C84， by MEM/Rietveld 

analysis of synchrotron powder diffraction data.I Recently， we have succeeded in determining the 

structures of SC3C2@Cso(h? and SC2C2@CS2(C3v)3，4 by 13C NMR spectroscopy and X-ray 

single-crystal structure analyses， although previously it had been believed that they have the SC3@CS2 

and SC2@C84 structures， respectively. Nishibori and co四workershave applied the MEM/Rietveld 

method to Y2C2@CdC3v)，5 SC2C2@CdC3v)6 and SC3C2@Cso(h).7 However， it remains an important 

goal to disclose the electronic properties of their encapsulated C2 units. Attempts to detect the I3C 

NMR signals of the encapsulated C2 units of metal carbide-metallofullerenes have not been successful 

so far. The inability to observe the 13C NMR signals of the C2 unit has been explained by means of the 

spin-rotation interaction， because the C2 unit may rotate inside the carbon cages. It is challenge to 

observe the I3C NMR signal of the C2 unit to disclose its electronic and magnetic property. 

We herein report I3C NMR spectra of SC2C2@CdC3v) and [SC3C2@Cso(h)]ーhighlyenriched in I3C 

isotope. 13C NMR signals of the carbon cages for SC2C2@CdC3v) and [Sc3C2@Cso(Ih)f were 

completely assigned by 2D INADEQUATE experiments. 

References: (1) Wang， C.-・R.et a1.， Angew. Chem. Int. Ed. 2001， 40， 397. (2) Iiduka， Y. et a1.， J. Am. 

Chem. Soc. 2005， 127， 12500. (3) Iiduka， Y. et a1.， Chem. Commun. 2006， 2057. (4) Iiduka， Y. et a1.， 

Angew. Chem. Int. Ed. 2007， 46， 5562. (5) Nichibori， E. et a1.， ChemPhysChem 2006， 7， 345. (6) 

Nishibori， E. et a1.， Chem. Phys. Lett. 2006，433， 120. (7) Nishibori， E. J. Phys. Chem. B. 2006， 110， 

19215. 
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It is extremely important to develop a reversible addition reaction of endohedral 

metallofullerenes， since reversible addition reaction is one of the use白1methods for 

separation and regioselective functionalization of fullerenes by protection of their 

reactive site. In this context， we reported the reversible and regioselective addition 

reaction of La@C82 with cyc10pentadiene (CP)， in which the kinetic parameters for the 

retro-reaction of La@C8zCCP) were determined.
1 In the reversible reaction， substituent 

effect is one of the important factor of controlling reactivity and stability of the adducts. 

It has been reported that an adduct of C60 with 1，2，3，4，5-pentamethylcyc1opentadiene 

(CP*) is more stable than C60(CP).2 Herein， we report the reversible addition reaction of 

La@C82 with CP* and the stability of its adduct. We will also discuss the kinetical 

parameter of this addition reaction in detail. 

ーーーー一一一司... 

4・トーーーーーーーーー

cp* 
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NagoyαUniversi砂，Nagoya 464-8602， Japan 

Polymerization of C60 molecules induced by electronlhole injection from an STM tip has 

been studied previously [1ヱ].In these studies， a polymerization mechanism was proposed 
due to [2+2] cycloaddition with the formation of four-membered ring between adjacent C60 

molecules. However， the detail of the polymerization mechanism has not been clear. 

Here， we have studied the polymerization of metallofullerenes such as Ce2@CSO， and 
LU2@C76 in reference to that of C60 induced by electron injection from an STM tip. We also 

investigated the effect of the reaction temperature. The results indicate that the 

metallofullerenes are much less easier to polymerize compared to C60 by the STM -tip current. 

The samples were prepared by vacuum sublimation of the metallofullerenes onto Si( 111) 

and Au(l11). All the sample preparation and STM measurements were performed under UHV 

conditions. Figure 1 shows an STM image of a Ce2@CSO thin layer on a Si(111) surface after 

electron injection at a sample bias voltage of 九=+3.5 

V and a tunneling current of lt = 0.2 nA for 30 seconds 

at room temperature. The molecules in dark contrasts 

represent polymerized Ce2@C80 molecules. The intemal 

images observed in the dark contrasts indicate no仕切

rotation of the molecules is occurring， which is similar 
to the C60 case. 

We found that the polymerization efficiency of 

Ce2@C80 is less than that of C60 and that at a low 

temperature of 115 K Ce2@C80 are not polymerized. In 

particular， LU2@C76 has not shown any STM-tip 

induced polymerization even at room temperature. The 

STM-tip current induced pol戸nerizationisラ therefore，Figure 1: STM image of a Ce2@C80 
strongly dependent on the type of ful1erenes as well as th~ layer on a Si( U 1) surface ~fter 
the reaction temperatureラ suggesting that the electro~ injection at Vs = +3.5 V， lt = 
configuration of each adjacent fullerene's reactive site 0.2 nA for 30 seconds at room 

and propagation of electrons are crucial for the temperature. 

polymerization reaction. 

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

[2] Y. Nakamura et al.， SuがSci.，528，151 (2003). 
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To evaluate relative stability of endohedral metallofullerenes SC3N@C70， all 8149 

isomers of C70 classical fullerenes [1] have been calculated at hexa凹anionstate by AM1 

quan旬mchemical method. Five isomers with lower energies of C70-
6， including the 

Q並主 IPRstructure and four non-IPR ones， were re聞optimizedat B3LYP/6-31G* and 

HFI6-31G* levels of theory， their results reveal good accordance to AMl method. 

Then the five lower energy cages were encapsulated with SC3N cluster and evaluated 

at B3LYP/3-21G* and B3LYP/6・.31Gキ levelsof theory for Carbon atoms， with the 

effective core potentials for Scandium atoms. All results 

show th剖 isomerSC3N@C70・id133462(Spiral No. 7854) 

of C2v symmetry with 3 adjacent pentagons has the lowest 

energy and the highest HOMO-LUMO gap of 2.12 eV 

(6-31G*). It seems th剖 theencapsulation of SC3N c1uster 

can remarkably improve relative stability of SC3N@C70・

id133462 through localizing three scandium atoms by 

three pentagon pairs. Fig. 1: SC3N@C70: id133462 

According to B3LYP/6-31G* results， the optimizations 

ofC70 hexa四anionsrevealed th剖 C70-
6
:id1003 (Spiral No. 

7957)， a structure with two pentagon pairs， played as the second most stable isomer 

with small relative energy. However， encapsulation of SC3N c1uster results in a large 

relative energy of 30.8 kcal/mol. Similar1y， SC3N encapsulation into the only IPR cage 
of C70 produces a separation energy of 46.4 kcal/mol to SC3N@ id133462， while its 

B3LYP energy ofhexa-anion locates only 13.6 kcal/mol higher than that ofid133462. 

The lowest energy and largest HOMO-LUMO gap indicate the domination state of 

SC3N@C7o-id133462 among SC3N@C70 yields， which is consistent with experiment [2]. 

The SC2@C70 isomers evaluated with entropy analyses have also shown the lower 

energies and more complex stability property compared with SC3N@C70 ones. The 

thermodynamic stabilities of SC3N@C70 and SC2@C70 [3] are discussed as well. 

Reference 
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[3] H. Zheng， X. Zhao， S. Nagase， N. Mizorogi， Q. XU， manuscript in preparation. 
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of 

We have recently found出国 anerbium白carbidemetal1oful1erene (Er2C2)@CS2(C3vC8)) 

exhibits enhanced photoluminescence (PL) among the several isomers of Er2@CS2 and 

(Er2C2)@Cs2[1]. The presence of encapsulated C2 molecule enhances the PL intensity in 

(Er2C2)@CS2(C3v(8)). 1n a previous study， we reported the cage size dependence on PL 

intensities of Er-carbide metalloful1erenes with various carbon cages: (Er2C2)@C2n (2n=74， 

80， 82 and 84) together with the relationship between the PL intensities and the 

HOMO-LUMO gaps[2]. Here， we report PL properties with other erbium-carbide 

metalloful1erenes having higher fullerene cages， i.e.， (Er2C2)@C2n (2n=86 and 88). 

Figure 1 shows emission spec仕aof (Er2C2)@C2n (2n=80，86 and 88) in CS2 solution at 

room temperature， which stem from長ftransitions of Er
3+ (411312→

4
11512) in the carbon cage. 

The spectral features of these spec仕aare almost similar to each other， whereas the PL 

intensities differ from each other. For example， the PL intensity of (Er2C2)@CS6 is three times 

stronger出anthose of (Er2C2)@C80 and (Er2C2)@CS8・ The HOMO-LUMO gap 

(Er2C2)@C86， estimated from the absorption onset， is larg町出an those of other 

(Er2C2)@C2n.The PL intensities of these higher Er-metal1oful1erenes also depend on出e

HOMO-LUMO gap as observed in the Er2@C82 and (Er2C2)@C82 case. 
~- 客 E一 円、(ー

i(Er2C2)@CSS Fig 1 

Emission spectra of (Er2C2)@C2n 

(2n=SO，86 and 88). 

The excitation wavelength 
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Single-walled carbon nanotubes (SWNTs) have generally been regarded as 

almost contrast-less container materials in previous studies on their incorporation of 

various molecules using transmission electron microscopy (TEM). Recently， howeverラ

hexagonal networks of carbon atoms in SWNTs have been directly detected by 

aberration-corrected TE恥t[Iユ1in which spherical aberration coefficient of the electron 

lens is reduced to near1y zero in order to improve the spatial resolution. This 

observation technique should also be able to visualize more detailed structures of 

encapsulated species inside SWNTs， such as individual fullerene molecules. 

Here， time-dependent orientational changes of CSO(D5d) and Er3N@Cso(ι) 

白llerenesinside SWNTs were directly observed by aberration-corrected TEM at 

atomic-level resolutionYl Detailed structure ofthe ellipsoidal CSO(DSd) fullerene (Fig. 1) 

as well as the endohedral structure of 

Er3N@Cso(h) was unambiguously identified by 

TEM images. Even a slight orientational change 

and/or a slight translational motion of each 

encapsulated fullerene molecule could be detected 

with respect to the graphene structure of the outer 

SWNT by aberration-corrected TEM. 

A part of this work was financially 

supported by the JST凶CRESTproject. 
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Fig. 1. Sequentia1 TEM images of CSO(DSd) 

fullerenes inside the (18，1) SWNT. Sca1e 
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A nove] ethanol-thermal method was developed to coat BN nanotubes (BNNTs) with 

metal oxides. It was confirmed that various oxides， e.g. iron and terbium oxides， could be 

coated on BNNT surfaces using this method. The coating structures and compositions were 

investigated by high-resolution transmission electron microscopy (HRTE孔1)ラElectronenergy 

loss spectroscopy (EELS) and X-ray diffraction (XRD). It was observed that the coating 

layers had usually exhibited amorphous or polycrystalline nature， which was found to be 

advantageous for getting uniform coatings. The influence of experimental conditions on the 

coating morphology/structure and its mechanism were also discussed. Cathodoluminescence 

studies show that BNNTs coated with terbium oxide possess the emissions which can be 

expressed as a superposition of those coming from BNNTs and trivalent Tb. It is envisaged 

that the present composite nanomaterials may find potential applications in high active 

catalysts and photoelectrical devices. 
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Polyynes， H(C三C)nH，can be accommodated into single-wall carbon nanotubes (S¥¥巾.JTs)
and detected by Raman signals for the stretching vibrational modes around ~2050 cm-1 [1，2]. 
The Raman intensity for C2nH2@SWNT is explainable by the resonance effects [3]. Howeverラ

from the Raman intensity itself， it is difficult to estimate the number of molecules entrapped 
in the SWNTs. 

In order to estimate the number of trapping sites for polyynes in SWNTs， we measured 
Raman intensity for several samples of ClOH2@SWNT. A piece of about 1 mg of SWNTs 
(laser ablation at 1150 oC， 500 Torr Ar， Ni/Co 0.6/0.6 wt %) was sintered in solutions of ClOH2 
in hexane (0.03 -0.26 mmolll， 5.0 ml) and kept at 80 oC for 48 hours. After being driedラthe
Raman spectra of the polyyne-containing SWNTs were measured. The intensity of the 

polyyne-stretching Raman band at 2066 cm-1 relative to that of a band of SWNTs was plotted 

as a function of initial concentrations and analyzed as shown in Fig. 1. 
At low concentration， most of the polyyne 
molecules prepared in the solution are adsorbed 

after a sufficiently long time. Thusラ theRaman 

intensity will increase proportionally to the 

concentration. At high concentration， most of the 
trapping sites available in the SWNTs are filled 

with the molecules. Then， the Raman intensity will 
saturate. By finding a critical condition where the 

number of the trapping sites is balanced with the 

number of the prepared molecules， we made a 
rough estimation for the upper limit of the 

adsorption efficiency to be 1 polyyne molecule per 
~3.5x102 carbon atoms in the SWNTs. 

50 100 150 200 

lnitial Concentration (μmoll。
Figure 1. Adsorption efficiency analysis for 
the concentration dependence of the 
Raman intensity OfV3 for ClQH2@SWNT . 
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The so-called nanopeapods have attracted wide range of researchers owing not only to 
their interesting low司dimensionalstructure but also to possible applications such as field effect 
transistors and molecular devices [1]. Observation of formation process and clari町ingthe 
formation mechanism of nanopeapods are essential to development of the efficient synthesis 
method. Transmission electron microscopy (TEM) has generally been used to characterize 
structures of nanopeapods. However， it is difficult to perform in-situ observation of the formation 
process of nanopeapods by TEM. In addition， TEM provides only local structural information. 
X-ray diffraction (XRD) is a complementary method， which realizes not only in-sItu observation 
but also obtaining bulk structure information. Here， we report direct observation of the fullerene 
encapsulation process by In-SItu X-ray diffraction. 
SWNTs were prepared by the laser ablation method. C60 and Ce@CS2 fullerenes were used 

for encapsulates. Empty SWNTs and fullerenes were mixed in a quartz capillary， which was 
vacuum-sealed at 400 K to remove adsorbed gases and residual water molecules. In-situ X-ray 
diffraction measurements at high temperatures have been performed every 5 minutes at 723， 773， 
823， and 923 K. The x-ray wavelength used in this diffraction studies was 0.8 A. All the 
measurements have been done at SP-ring8， BL02B2. 

Figure1 shows XRD pattems of a mixture of SWNTs and C60. Left and right figures showthe 

diffraction pattems obtained at 723 K and 823 K， respectively. Due to the encapsulation of C60 
molecules， the intensity of (10) peaks， which are seen around 2θ= 3.2 degree， have significantly 
decreased. At the same time， a new peak arising from 1-dimentional regulated arr<!-y of C60 appears 
at around 2θ= 4.7 degree. 
We will discuss details of the temperature dependence on a fullerene encapsulation rate 

and a saturated filling ratio. 
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Fig.1. In-situ XRD pattem of peapod formation process (Left: 723 K， Right: 823 K) 
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Single-wal1 carbon nanotubes (SWNTs) have an ideal nanometer-scale and one-dimensional 

intemal space where unique low-dimensional nanomaterials can be encapsulated and 

synthesized. For example， low-dimensional metal halides and metal alloy crystals have been 

synthesized in SWNTs by the liquid phase encapsulation method[1，2l. 

For further exploring novellow-dimensional nanomaterials in carbon nanotubes， we have 

developed a Nano-Template Reaction technique to fabricate metal nanowires by using 

SWNTs and metal1oful1erenes. In this reaction， to create low-dimensional metal nanowires， 

we have utilized well-aligned one-dimensional array of metal10fullerenes (Gd@C82) in 

SWNTs (i.e.， peapod). We have found that the one-dimensional array of Gd@C82 was 

converted effecti九relyto Gd-metal nanowires by high-temperature heat treatment. A similar 

heat treatment has already been reported for C60 array in SWNTs， which resu1ts in formation 

of double-wall carbon nanotubes (D¥¥明Tspl.

We have characterized the Gd-nanowire by high resolution transmission electron microscopy 

(HRTEM) and Raman Spectroscopy. Based on HRTEM images (Fig.l) together with the 

mu1ti-slice image simulation， we suggest that the typical nanowires synthesized here possess a 

2 x 2 structure as schematical1y shown in FigユInterestinglyラ thisstructure does not 
correspond to any of bulk Gd crystal structures ever reported. Furthermore， other types of 
Gd-nanowire structures have also been easily observed by HRTEM. In this presentation， we 

wi11 discuss detai1ed structures ofthese Gd nanowires encapsulated in SWNTs. 
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Figue.l HRTEM image of 

Gd-nanowire@CNT (Scale bar: 2 nm) 
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Optimization of Conditions for Formation of Carbon Nanotubes Filled Perfectly 

with Copper Nanowire 

OAkira Koshio， Naoki M包uno，Hironobu KitoラandFumio Kokai 

Division of Chemistry for Aゐterials，Graduate School of Engineering， Mie Uni印刷帆
1577 Kurimamachiya-cho， Tsu， Mie 514-850スJ中仰

Copper nanowires (Cu1'州TS)have been extensively studied as a material白rnext generation electronic 
nanodevices. However， some problems related ωquality， such部 S白bility，crystallinity， and long 
one-dirnensional growth， still remain.百lehybridization of CuNW s and carbon nanotubes has been出ed
as one of the ideas for irnproving仕lequality ofCuNWs. Arc discharge is believed to be one ofせlebetler 
methods for formation of CuNW-filled multi-wall carbon nanotubes (CuNW@MWNTs). We have 
recent1y reported由atperfectly filled CuNW@MWNTs can be produced at more than 90% of the filling 
rate by using the hydrogen arc discharge method. In this s加dywe investiga凶 thee旺ectof a copp町
content in an electrode and the町ccurrent on fue yield and the filling rate. 
CuNW@MWNTs were produced by the conventional DC arc discharge. A hole (3 mm diameter) was 
仕illedin the centぽ ofagr叩，hiteanode (5 mm diameter) and filled with a mixture of graphite and copper 
powd町.百legraphite powder and copper powder were mixed by choosing a copper/ graphite atomic ratio 
of 0-100%. A 20 mm in diameter graphite rod was used for the cathode. The two elec仕odeswere set 
vertically in a vacuum chamber. Hydrogen gas was filled up血echamber at a press町eof 0.1 MPa and 
was flowed at 500 mlImin during arc vaporization. Arc discharge was maintained at 50-90 A for 1 m血.
The yield and filling rate ofthe CuNW@MWNTs were ve巧rlow in the case oflow copper contentσ19. 
1 (a)). SEM observation revealed白atthe yield and the filling rate of CuNW@MWNTs increased 
gradually wi白出ecopper content in the anode (Fig. 1 (b)). In the case of copper content of 100% 
CuNW@MWNTs were included in soot出atwas deposit吋m吐lelargest q回ntitieson the inner wall of 
the chamber (Fig. l(c)). Figure l(d) shows that社leob匂inedCuNW@M¥¥明Tshad 10-45 nm diameters 
and the filling rate of血eM¥¥弓ITs
W部 ex仕emelyhigh. Many TEM 
observations clarified that more fuan 
90% of the as-prepared MWNTs 
we即日ledperfectly with CuNW  s. 
百leCuNW@MWNTs consists of 
less白an10-nanotube layers and fcc 
∞'Pper crystals出side出eM¥¥弓ITin
a long-range order.百ledistance 
between the lattice丘ingesof the 
filled copper crystals was measured 
at about 0.21 nm， which is identical 
ωthe d-spacing of the (111) atomic 
plane of copper. 

Corresponding Author: Akira Koshio 

E・mail:koshio@chem.rnie-u.ac.jp 
Tel&Fax:十81-59-231-5370

Fig. 1 SEM images of the chamber s∞t obtain巳dby using也eanodes 
including ∞'Pper of (的 10，(b) 70 and (吋 100%.(の TEMimage of 
CuNW@M¥¥ホ司h∞ifl回pondingω(c).
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Synthesis and Characterization of Carbon N anotubes 

Encapsulating Erbium-Chrolide N anowires 

oD. Ogawa1， R. Kitaura1， K. Kobayashi1
ラ
T.Sait02，3， S. Ohshima2， and H. Shinohara1，4 

lDepαrtment of Chemistry & lnstitute for Advanced Resωrch， Nagoya University， Nagoya 

464問8602，Japan 
2 Research Center戸rAdvanced Carbon Materials， AlST， Tsukuba 305-8565， Japan 
3pRESTO， Japan Science αnd Technology Agency， Kawaguchi 332-0012， Japan 

4CREST， Japan Science and Technology Corporation， C/O Department ofChemistry， Nagoya 
UniversiかNαgoyα464-8602，Japan 

Carbon nanotubes (CNTs) encapsulating metal compounds nanowire (恥1NW-CNTs)have 
attracted wide interests because such CNTs may exhibit novel electronic and magnetic 
properties due to unique low-dimensional structures as well as the possible presence of charge 

transfer between CNTs and encapsulated nanowires. In this respect， high filling ratio of 
nanowires is essential to explore properties of MNW -CNTs. Here， we report synthesis of 
MNW-CNTs of high-filling-ratios and structural characterization of encapsulated nanowires 

based on TEM observations together with simulated annealing calculations of the observed 

TEM images. 
Cap-opened CNTs and ErCh were high-temperature heat treated at 800 oC under a vacuum 

of 10-4 Pa. The sample was then washed in ethanol by ultrasonication and dried at 80 oC. 

Figure 1 shows a TEM image of ErCh@CNTs. Based on the TEM images， the filling ratio is 
estimated as high as 90 %ラ andthe mean length of ErCh nanowire is ca. 50 nm. Minimization 
of the coulomb interaction energy exerted in the nanowires by a simulated annealing 

calculationラwehave constructed a structure model of ErCb nanowire as shown in Fig.2. This 

simulated structure model well reproduces the observed TEM images (Fig. 3). We will also 

discuss the magnetic property of these novel CNT materials. 

Fig. 1 HR-TEM image 

ofMN'"んCNTs

Fig. 2 A structure model 

of ErCh nanowire 
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Nucleation of an SWNT from a catalytic metal cluster inside a carbon 

nanotube template: MD  simulations of DWNT formation 

OYoshifumi Izu， lunichiro Shiomi and Shigeo Maruyama 

Department of Mechanical Engineering， The Universiか01'おかo

7-3-1 Hongo， Bunkyo-ku，おかo11 3-8656， Japan 

Molecular encapsulation in the hollow space of a carbon nanotube has attracted 

interests with various potential applications. The filling technique has also opened a 

path to realize controlled chemical reaction in nanoscale chamber for atomic scale 

selectivity. Experiments have been reported on formation of DWNT 丘omC60 fullerenes 

peapods [1] and ferrocene五lledS¥¥弓H [2ラ3].The reports demonstrate that the growth 

mechanism of the inner tube depends on filler precursor. 

In this workラweperform MD simulations of the nuc1eation process of SWNTs企om

a catalytic metal c1uster inside an SWNT template to gain understanding in the growth 

mechanism. The methodology is inherited from the previous works on nuc1eation of 

S¥¥巾.JTs合omisolated catalytic metal c1usters [4]. As an initial conditionラaNi c1uster 

with dissolved carbon atoms is placed in a rigid carbon nanotube. By supplying carbon 

atoms to the metal c1uster， with keeping the number of free carbon atoms constantラ

nuc1eation of the inner SWNT was observed. Figure 1 shows the nuc1eation process at 

different time of the reaction. Once the open surface of the metal c1uster is covered with 

carbon atomsラthefeed carbon atoms are adsorbed onto Ni atoms adjacent to the outer-

tube wall. Eventually， the supersaturated carbon atoms inside the metal c1uster surface 

lifts of and the cap can be recognized together with the tubal structure. Dependence of 

the phenomena on the metal-c1uster size and outer-tube diameter will be discussed. 

[1] S. Bandow， etal Phys. Chem. Lett.， 337 (2001) 48. [2] L. Guan， eta1.， Carbon 43 (2005) 2780. [3] H. Shiozawa， 

eta1.， phys.stat.so1.(b) 244 (2007) 4102. [4] Y. Shibuta and S. Maruyama， Chem. Phys. Lett.， 382 (2003) 381 

Corresponding author: Shigeo Maruyama E-mail: maruyama@photon.t.u-tokyo.ac.jpぅTel/Fax:+81-3-5800-6983 

Fig. 1 Nucleation process from a catalytic m巴talcluster inside carbon nanotube 
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SWNH as an Effective Delivery System for Macromolecule Anti-cancer Drugs 

o Xu Jianxun，I Yudasaka Masako/ Zhang Minfang/ Iijima Sumiol，2 

21JS17SORSR C/o NEC，34MyukigGOKG，bttlcubG，IbGmki305-850l，JGPGF1 
Meijo Universiか，1-501Shiogamaguchi， Tenpaku-ku， Nagoya 468-8502，11ψ仰

Single Wall Carbon Nanohom (SWNH) is a new kind ofnano-carbon materialラwhichhas hom-
like structure with 2~5 nm diameter. Usually about 2，000 SWNHs assemble to form an spherical 
aggregate with diameter of around 80~ 100 nm.l The SWNH aggregate emerges as an attractive 
candidate for a drug delivery system (DDS). It is specially promising to carry an anticancer drugラ
many of which are water insoluble macromolecules and highly toxic， to make them effectively 
deliveredうandreleased in a controlled way. 

In this study， we incorporated Docetaxel (Doc)ラ ananticancer drug used for stomach cancer， 
breast cancer， non-small cell lung cancer and so on， into hydrogen peroxide treated SWNHs by 
modified nano-precipitation method. The weight percent of incorporated Doc is around 28%. 
Taking advantage of those carboxylic groups on SWNHs， we firstly introduced amine-PE03-
biotin to the conjugate to improve the hydrophilicity， which was identified by energy dispersive 
x-ray analysis. Thenラstreptavidin，a small protein， was attached on the complex due to the high 
affinity between streptavidin and biotin. The weight percent of streptavidin is estimated roughly 
to be 25%. 

Furthermore， we investigated the anticancer 
effectiveness of Doc@SWNH-Streptavidin using a 
stomach cancer cell line. The cytotoxicity 
experiment was conducted using WST -1 reagent 
(Figure 1). The cells were incubated with Doc， 
SWNH-Streptavidin and Doc@SWNH-Streptavidin 
(~3 ug/ml) respectively for two days. We found that 
the viability of the cells with Doc@SWNH-
Streptavidin decreased dramatically: only 1/3 of that 
ofthe cells with SWNH-Streptavidin. These indicate 
that Doc can be delivered by SWNH-Streptavidin 
into the cells and the released Doc causes cel1 death. 
Thus， we think SWNH-Streptavidin could be an 
effective DDS. 

References: 
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Figure 1. Cytotoxicity巳xperimentsusing canc巴rcel¥s 
incubated with Doc (B)， s¥¥乃m-s汀eptavidin(C) and 
Doc@SWNH回Streptav凶n.

1. S. 1討ima，M. Yudasaka， R. Yamada， S. Bandow， K. Suenaga， F. Kokai， K. Takahashi Chem. Phys. Lett.， 1999ラ
309， 165， and therein cited. 
Corresponding Author: Xu Jianxun， Yudasaka Masako; E-mail: xu@frl.cl.nec.co担，
yudasaka@frl.cl.nec.co.jp; Tel: 029-856-1940; Fax: 029-850-1366 
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Gd oxide particles confined inside single-wall carbon nanohorns 

oRyota Yuge¥ Masako Yudasaka1ぺToshinariIchihashi 
1
ラ
JinMiyawaki 2ラTsutomuYoshitake¥ 

and Sumio Iijima1ヲ2，3

lNEC， 34 Miyukigaoka， Tsukuba 305-8501， Japan 
34SORSTLJS1:34AfJ〉yulcigGOKG，Eztk1tbα305-8501，Japan 
Meijo Unかersity，1-501 Shiogamaguchi， Tenpaku-ku， Nagoya， 468-8502， Japan 

Single四wallcarbon nanohoms (SWNHs) have inherent hollow spacesヲandthe holes can be 

opened easily by the oxidation (SWNHox). Various kinds ofmaterials， such as C60 [1，2] and 

Pt-compound [3]ラcanbe incorporated inside SWNHox， however， the inco中oratedmaterials 

are exposed to the surrounding gases， solvents， etc. Recently， experimental results and 

theoretical calculations indicated that the small-holes can be closed by heat-treatment in Ar 

atmosphere at 12000C (SWNHh) [4]. In this study， we confined the Gd particles to inside 

space of SWNHox， which is a potential contrast agent for magnetic resonance imaging. We 

also found that Gd compounds moved by capillary suction mechanism during the heat 

treatments， which was useful to infer the structure of the aggregate of SWNH. 

Gd acetate (50 mg) and SWNHox (50 mg) dispersed and stirred in ethanol (20 ml) at room 

temperature for about 12 hours. The mixture was filtered and washed with ethanol (20 ml) 

two times to remove the excess Gd acetate existing outside SWNHox and dried for 24 hours 

in vacuum at 500C (Gd@SWNHox). The Gd@SWNHox was heat-treated for 3 hours at 

12000C under an Ar atmosphere (760 Torr). 

Specific surface area and pore size distribution estimated from N2-adsorption isotherm at 

77K showed that holes were closed by heat treatment and Gd compounds were confined 

inside SWNHs. STEM/EELS results indicated that Gd acetate changed to Gd203 and moved 

to tips of sheath of SWNHs and center of SWNH aggregates. Besides these， we also found 

that Gd203 with 10~20 nm sizes near the center of SWNH aggregates. The details are shown 

in the presentation. 

Reference: 

[1] K. Ajima et al. Adv. Mater. 16，397 (2004). 

[2] R. Yuge et al. J. Phys. Chern. BI09， 17861(2005). 

[3] K. Ajima et al. Mol. Pharrn. 2， 475 (2005) 

[4] J. Miyawaki et al. J. Phys. Chern. Cll1， 1553(2007). 
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E-mail: rvugeia!frl. cl.nec. co. j2，.1'udasakaia!企l.cl.nec.co.jp

-95-



lP-46 

Effect of compression pressure on the electrical resistivity for the pellet 

formed from nanohorns 

o Yuhei Fukunaga， Manabu Harada， Shunji Bandow， Sumio Iijima 

Department of Materials Science αnd Engineering， Meij・oUniversiか，

1-501 Shiogamaguchi， Tenpaku， Nagoya 468-8502， Japan 

Electrical resistivity for the pellet formed from 

nanohoms (NHs) became low with increasing the doping 

rate of boron to the nanohoms [1]. Temperature 

dependence of the electrical resistivity indicated a feature 

explainable by the mechanism based on the 3-dimentiona1 

variable range hopping conduction (3D-VRH). 

Characteristic temperature To of 3D-VRH for B-doped 

NHs closely depended on the doping rate and the electrical 

resistivity at room temperature (PRT) decreased with 

increasing the doping r前e(see Fig. 1a). 

10' 
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We consider that the change of To is originated in the 10' 

increase of the electronic density near the Fermi-level due 

to substitutional doping ofboron to the NH-wall. Similar 

phenomenon was also observed in B-doped nanotubes [2]. 

However， the detection of boron in the NH-，九rallhas not 

been succeeded due to possibly low doping rate (く 1000

ppm atomic). In the present study， we carried out the 

experiments of pressure-dependence on the electrica1 

resistivity that will tell whether or not the To values depend 

on the condition of contact between the NH-particles. 

Experimental resu1ts of temperature dependence of PRT 

with a parameter of the pressure to form pellet are in Fig. 

1 b and summary of To and PRT is in Fig. 2. 

From Fig. 2， it can be found that To is not susceptible 

to the pressure but strongly depends on the doping rate. 

Difference is clear as indicated by the arrow-headed bar 

in Fig. 2. On the other hand， PRT is rapidly decreased 

with increasing the pressure. These facts also support 

that the change of To is purely the effect of boron doping 

and the electronic density certainly increases as a 

function of the doping rate. 

[1] M. Harad et al.， The 33rd F&NT General Symp. (2007) lP-34. 
[2] S. Bandow et al吋 J.Phys. Chem， C 111， 11763 (2007). 

Corresponding Author: Shunji Bandow， E-mail: 
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Anti圃CancerEffect of ZnPc-Nanohorn-Protein in vivo 
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1 SORST-JST， 2NE仁34Miyukigaoka， Tsukuba， !baraki 305-8501， Japan 

3Fijita Health Univ. 1-98 Dengakubo. Kutsukake-cho， Toyoake， Aichi 470-1192， Japan 
4Tohoku Uni・v.2-1-1 K，αtαhira， Aoba-ku， Sendai 980-8577， Japan 

5 Meijo Univ. 1-501 Shiogamaguchi， Tenpaku-ku， Nagoya 468-8502， .fcαpαn 

Recently.ラ wefabricated a nanohom-based hybrid as a drug delivery systern for 
photodynarnic therapy (PDT): a photosensitizer， zinc phthalocyanine (ZnPc) was loaded 
on single-wall carbon nanohom (SWNH) with hole-opened (SWNHox) and SWNHox 

was rnodified with a protein ofbovine serurn alburnin (BSA). We previously showed that 

the ZnPc-SWNHox-BSA was taken up by the cultured rat cancer cells and destructed the 
cells when the 670-nrn laser was irradiated. The efficiency of ZnPc-SWNHox-BSA on 

killing cancer cells was higher than the intact ZnPc was used [1]. We expected the 
sirnilar PDT advantage of ZnPc-SWNHox-BSA over ZnPc would appear in vivo， and 
carried out the anirnal (rnouse) testing as presented in this report. 
We subcutaneously transplanted the cultured rat cancer cells to nude rnice， and bred 

the rnice under appropriate conditions. The ZnPc-SWNHox-BSA was prepared by the 
sarne rnethod as we previously reported [1]: SWNHox was prepared by light-assisted 

oxidation [2]， ZnPc was loaded on SWNHox， and BSA was attached to the -COOH 
groups of SWNHox [2]. ZnPc and ZnPc-SWNHox-BSA were dispersed in PBS with a 

sonicator， and the obtained hornogeneous-dispersions were intraturnorally injected to the 
turnors of the rnice. The turnor sizes and rnouse田bodyweights were rneasured everyday 

after intraturnoral injection. We found that the turnor volurnes increased with days 

irrespective of the specirnens injected into turnors when the laser was not irradiatedラ
suggesting that ZnPc or ZnPc-SWNHox-BSA did not have any anticancer effects. 

Howeverラwhenthe 670-nrn laser was irradiated on the turnors， the turnor growth was 
suppressed， exhibiting the PDT effect of ZnPc and ZnPc-SWNHox-BSA. It was also 
found that the PDT effect of ZnPc-SWNHox-BSA was rnuch stronger than ZnPc. The 

reason for this is discussed in the talk. 

[1] ZhangラM.;YudasakaラM.;Ajima， J.; 1討ima，S. The 33st F-NT symposium. 

[2] Zhang， M.; Yudasaka， M.; Ajima， K.; Miyawaki， J.; Iijima， S. ACS NANO. 1，265-272 (2007) 
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Influence of formation technique of catalyst layer and addition of 

conductive material on performance of direct methanol fuel cell 

OY. Izumi¥ K. Shinohara1， M. Yamamoto1， S. Oke1， H. Takikawa1， 
T. Sakakibara2， S. Sugawara2， N. Aoyagi3ラT.Okawa

3
， 

K. Yoshikawa4， K. Miura4， S. Itoh5， and T. Yamaura5 

1 Department of Electrical and Electronic Engineering， Toyohashi University of是正:hnology

2 ENAX lnc.， 3 Daiken Chemical Co.， Ltd.， 4 Tokai Carbon Co.， Ltd.， 5 Futaba Corporation 

Direct methanol fuel cells (DMFC) are very 
promising power sources for portable applications 
and high efficiency due to simple handling and 
processing of fuel. In order to increase the output 
power of DMFC， it has been used that the catalyst 
which contained Pt/Ru supported on an arc-soot 
(AS) (1) which was synthesized by twin-torch-arc 
apparatus. This research discussed fabrication 
process of the membrane and electrode assembly 

(MEA)such as formation of the catalyst layer，Fig.1 Comparison of the formation 
lection of a carbon paper，and addition of a techniques ofcatalyst layer ofMEA-
conductive material. 
The catalyst layer was formed by dry squeegee 
technique. A dry catalyst powder of catalysts was 
putted on a carbon paper， it was smoothed out， and 
Nafion solution was dropped onto the catalyst 
powder to fix the catalyst powder and the carbon 
paper. The output power in case of the dry squeegee 
technique was applied to formation of catalyst layer 
was twice as high as that in case of a conventional 
technique was applied (Fig.l). 
In this researchラ carbonnano-balloon (CNB) (2) 
was mixed in catalyst to decrease MEA resistance. 
Resistance and partic1e size of CNB (0.091 mncm， 
24 nm) was 1150 and 112 as low and small as AS， 
respectively. It is shown in Fig. 2ラ a瓜ta CNB content of 25 wt 
maximum (10m羽wサ)and MEA resistance has a min凶1吋lmu凹1m(σ36 mn). Incase of CNB content 
was greater than 25 wt. %， increasing CNB content caused increasing current courseラbecause
CNB had smaller partic1e size than Pt/Ru partic1es. 
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Fig. 2 Variations of output power and 
MEA resistance with CNB content 
in catalyst. 
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Close田Open-CloseEvolution of Holes in Single圃WallCarbon N anohorns 

Caused by Heat Treatment 
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1
， Ryota Yuge2， 

Takazumi Kawai2
ラandSIllI1io IiJimal

，L3 
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Our previous experimental results and theoretical calculations indicated that the holes at the 
tips of single-wall carbon nanohoms (SWNH) could be closed by the heat treatment at12000C 
in Ar atmosphere [1]. We also found that the hole closing exhibited the close-open-close 
evolution during the heating when the hole sizes were about 0.7 nm [2]. When the hole sizes 
were smaller or larger， the close-open-close evolution did not appear， that is， the holes were 
closed and never re-opened [2]. The mechanism of these changes were investigated precisely， 
and presented in this report. 
To open the holes， SWNHs were oxidized in flowing air by slow combustion method [3] 
(SWNHox) with various target temperatures (Tox 300~ 500 OC). For closing the holesラ
SWNHox was heat回treatedat 12000C in Ar for O~ 3 h. The hole closing was examined by 
measuring xylene-adsorption quantity using thermogravimetric equipment [4]. 
The holes with sizes of about 0.7 nm that exhibited the close-open-close evolution by the 
12000C heat treatment were opened by the oxidation at Tox of 400 and 450

o
C. We stopped the 

heat treatment at 18 minute when the holes were closed， and at 198 minutes when the hole 
were re四opened，and the structures of these two types of SWNHox were examined. The 
transmission electron microscopy observation did not show any appreciable structure changes 
caused by the heat treatment

ラ indicatingthat the close-open-close evolution did not 
accompany any overall structure闇changes. IR spectrum and TPD mass-spectrrum 
measurements indicated that the oxygenated groups existing at the edges of holes of 
SWNHox were removed within the 18-minute of the heat treatment. We inferred from these 
data that the first quick-closing was oxygen mediated， the quickly-closed tips took an unstable 
structure， and this structural instabi1ity induced the re-opening. U sing the oxygen mediated 
closing model， we could explain the mechanism of the simple thermal-closing of the holes 
with smaller or larger sizes. 

Refer巳nces:
[1] J. Miyawaki et al. J. Phys. Chem. C 111 (2007) 1553-5. 
[2] J. Fan et al. The 33 rd F-NT symposium. 
[3] J. Fan et al. J. Phys. Chem. B 110 (2006) 1587-91 
[4] M. Yudasaka et al. J. Phys. Chem. B 109 (2005) 3809-13. 
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Comprehensive in vivo and in vitro toxicity assessments showed low acute toxicity of 

as-grown single-wal1ed carbon nanohoms (SV.乃~Hs) [1]. When hole-openings are 

introduced at tips and topological defects in sidewalls， SWNHs become to carry various 

drugs inside intemal hollow spaces. Thereforeラweproactively investigated intravenous 

toxicities of hole-opened single-walled carbon nanohoms (SWNHs) toward their 

biomedical applications. To investigate influence of physicochemical properties on the 

toxicities， we prepared three samples; hole-opened SWNHs by light-assisted H202 

oxidation (LAOx) [2] and slow combustion in air (SC) [3] methods， and the 

LAOx-SWNHs chemically-modified with a proteinラbovineserum albumin (BSA). 

Irrespective of the hole-opening methods or chemical modification with BSA， all 

mice (n = 5 for each group) received a single intravenous dose (6 or 8 mg/kg) of 

nanohoms dispersed in PBS survived the 2-26 week test periods and showed normal 

body weight gain. Black pigmentations were histopathologically observed in lumen of 

lung blood vessels， hepatic Kupffer cells， and spleen for all animals， but induced no 

toxicologicallesions. 

In the pulmonary vessels， the pigmentations accompanied vessel-wall thickenings for 

SC-SWNH; both levels of the pigmentation and the wall thickening were 

time-dependently reduced. We did not observe such wall thickenings for animals in the 

LAOx-SWNH and BSA-SWNH groups. BSA-SWNHs seemed to be taken up by cells， 

most likely pulmonic macrophages， at longer observation periods. On the other hand， 

there was no difference in the level and morphology of pigmentations in the liver and 

the spleen for any group. The detail will be discussed in the presentation. 

[1] J. Miyawaki， et al.， ACS Nano， in press. [2] M. Zhang， et al.， ACS Nano， 1ラ265(2007). [3] J. Fan， et 

al.， J Phys. Chem. Bラ110，1587 (2006). 
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Recently， the growth mechanism of carbon nanotube (CNT) has been 
investigated using in situ obser、rationtechniques， such as transmission electron 
microscopy (TEM) and X-ray photoelectron spectroscopy (XPS) [1， 2]. To c1arify this 
growth mechanism， we have developed single-walled carbon nanotube (SWNT) growth 
in a high vacuum chamber using gas source method [3]. However， the yield of grown 
SWNT was not sufficient for in situ observation. In this study， we attempted to increase 
the yield of SWNT using Al oxide buffer layer and investigated the mechanism. 
For the pu中oseof TEM observation， 200-mesh Mo grids were used as 

substrates. Firstly， the grids were introduced into an ultra-high vacuum (UHV) chamber 
and Al buffer layers were deposited on them using a pulsed arc plasma gun. The Al 
thickness was varied from 0 to 30 nm. Once the grids were exposed to air for oxidation 
of the Al layer， they were introduced into the chamber againラandCo (thickness ~0.1 
nm) was deposited by an e-beam evaporator. Then， they were heated to the growth 
temperature (typically 7000C)ラandethanol gas (pressure:l-O ×10-lPa)was supplied to 
grow SWNTs. The grown SWNTs were characterized by scanning electron microscopy 
(SEM)ラTEMand Raman spectroscopy (Ar laser: 514.5 nm). 
Fig. 1 shows an SEM image of SWNTs grown on 30 nm AbOx/Mo grid at 

700
0

C. High-density vertically aligned CNTs were observed on the grid. From TEM 
observationラ itwas found that most of the grown CNTs were SWNTs. As the AbOx 
thickness was reduced， the yield of SWNTs decreased， showing web-like structures. In 
addition， Co catalyst size seemed to decrease as the Al buffer thickness increased. This 
suggests that the increase of the SWNT yield was partly due to the increase of Co 
nanopartic1es with 1-2 nm in diameter by suppression of Co coalescence. These results 
indicate that the support of Al oxide layer is effective for high-density SWNTs growth. 
A part of this work was supported by 

“Nanotechnology Network Project" of the 
Ministry of Education， Culture， Sportsラ
Science and Technology (MEXT)， Japan. 
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Fig. 1 SEM image of SWNTs grown 
on 30 nm AbOx/Mo grid. 
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It is remarkable that a diameter selective synthesis of highly pure SWNTs has been 

achieved by temperature-controlled CVD of an alcohol on metal supported Zeolite [1]. 

In past several purification methods， removal of metal catalysts and Zeolite from 

SWNTs under severe purification conditions was required. However， SWNTs may be 

damaged under the conditions. Recently， an effective exfoliation method of SWNTs in 

organic solvents with an amine as a dispersion reagent [2J and a convenient 

amine-assisted separation method for SWNTs that makes metallic SWNTs enriched 

remarkably in a simple way [3J have been developed. 

We report here purification of SWNTs， produced by the CVD method of an alcohol 

on metal supported Zeolite， was simply achieved through the dispersion-centrifugation 

process. The purified SWNTs were characterized on the basis of visible-near infrared 

absorption， photoluminescence and Raman spectroscopic analyses， and scanning 

electron microscopy observation. Moreover， selective extraction of metallic SWNTs 

was also accomplished by an optimized amine-assisted separation method. 

[1] Murakami， Y et al.， Chem. Phys. Lett. 2003，374，53. 

[2] Maeda， Y et al.， J. Phys. Chem. B 2004，108，18395. 

[3] Maeda， Y et al.， J. Am. Chem. Soc. 2005， 127， 10287. 
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Abstract: Highly purified metallic and semiconducting single-wall carbon nanotubes 

(SWCNTs) can be obtained from density gradient centri白gations[Fig. l(a)]，1 however， 

the estimated high purity has been derived from the ratio of metallic and 

semiconducting nanotubes. In a sample solution obtained just after the centrifugations， 

not only SWCNTs but also surfactants and gradient media existラthusin this context the 

purity of SWCNTs is not high. Removal of surfactants and gradient media is important 

to correctly investigate the intrinsic characteristics of SWCNTs with a single electronic 

type. Here we propose the following removal protocol; fi1tration with centrifugations， 

methanol and HCl washing. In a sample， which is not sufficiently rinsed after 

centrifugations， the amount of residual metals was estimated to be approximately 30 % 

[Fig.l (b)]， suggesting the presence of sodium and other contaminants originated from 

the surfactants and gradient media. In a sample purified through our removal protocol， 

however， it became less than 1 %. HR-TEM images indicated that the presence of 

contaminants was small. X-ray photoelectron spectra showed that the carbon content of 

a sample after the removal processes is nearly 99 %. 

References: [1] Amold 

et al.， Nature Nano. 1 

(2006) 60. Yanagi et al.， 

submitted in 2007. 
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Fig. 1 (a) Absorption spectra of pristine (top) ， metallic (center) and 
semiconducting SWCNTs (bottom). (b) The results of thermogravimetric 
analysis of SWCNTs before and after our removal procedures. 
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The carbon nanotube (CNT) forest with properties ofhigh-purity， vertical alignmentラ
and millimeter-scale height has shown exceptional promise as a new industrial material 

for various applications spanning actuators， energy storage， to sensors.[lラ2]Therefore， 

understanding the growth mechanism and controlling the growth progression becomes 

paramount to fully realize the potential for these applications. For that pu中ose，a 
monitoring system which possesses ease of use， accuracy and wide range is needed. A 
number of groups have previously reported in situ measurement systems based on 
optical interference and absorptionラ diffraction，and projection [3-6]. However， 
conventional measurement methods were insufficient to accurately measure the growth 

kinetics for a wide range of growths due to limited resolution and limited field of view. 

Further the measurement system required periodic adjustment of the optical system and 

sometimes complex analysis of the raw data. 

Here we report a simple in situ height measurement system for CNT forests which 
possesses both high resolution and large field of view. Employing a telecentric optical 

system operating with a infinite focal distance， this system is free of the need for 
periodic a司justmentto the working distance. 
We made it possible to measure the growth curve easily with much higher precision 
compared with the conventional measurement system. This system enabling in situ 

measurement can monitor the measurement point consecutively， so we have elucidated 
the existence of various growth curves of forest that have not been verified so far. 

[1] K. Hata， D. N. FutabaラK.Mizuno， T. Namai， M. Yumura， and S. Iijima， Scinece 2004，306， 1362 

[2] D. N. Futaba， K. Hata， T. Yamada， T. Hiraoka， Y. HayarτlIzu， Y. Kakudate， O. Tanaike， H. Hatori， M. 

Yumura， and S. Iijima， Nαture Material 2006， 5， 987 
[3] D. B. Geohegan， A. A. Puretzky， I. N. Ivanov， S. JesseラandG. Eres， Appl. Phys. Lett.， 2003‘83，1851 

[4] S. Maruyama， E. EinarssonラY.Murakami， T. Edamura， Chem. Phys. Lett.， 2005， 403， 320 
[5] L. M. Dell' Acqua-Bellavitis， J. D. Bal1ard， P. M. Ajayan， and R. W. Siegel， Nano lett. 2004，4， 1613 
[6] I. Gu吋ishima，T. Inoue， and A. Okamoto， Jpn. J. Appl. Phys.， 2007， 46ラ3149
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Alcohol catalytic chemical vapor deposition (ACCVD) has become a popular CVD method 
for growth of high-purity single walled carbon nanotube (S¥¥明T)films due to the low cost 
and easy-handling of a non-hazardous CVD gas source. [1] At CVD temperatures， ethanol 
mainly decomposes into ethylene and water. [2] These thermally generated molecules could 
affect SWNT growth. However， there are few gas analysis studies for ACCVD. 
In this s回dy，we have investigated gas molecules behavior during ACCVD using Fourier 
Transfer infrared spectroscopy (FT-IR: Otsuka electronics IG-1000). FT-IR cell was inserted 
between a reactor tube and a vacuum pump. S¥¥明Ts戸lthesiswas performed by using ethanol 
as the carbon source and Co/Mo bimetal as the catalyst. Growth temperature was 1113 K. 
The time dependence of gas molecule intensities is shown in Fig.l. In order to distinguish 
catalytic decomposed molecule 
intensities from thermally decomposed 
molecule intensities， the intensities 
obtained in the presence of catalyst were 
subtracted 企omthose obtained in the '0 

absence of catalyst. In theωly stage，ぎ
ー 0.00cthaml was consumed and ethylene and5 

water were generated. After a few .~ 

minutes， et白han
ethylene and water were changed from 空
generation mode to consumption mode. 

-0.02 
The consumption mode was continued 
during growth period. This mode would 
be caused by deposition and etching of 
carbon on the substrate and/or 
synthesized SWNT surface. 
We will discuss this behavior of gas 
molecules with time dependence of 
S\\弓~Tfilm thickness and weight. 

Abstract 

。。c
o」
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Fig.l F下IRintensity difference of with and 
without catalysts for ethanol， ethylene， and 
water as function of growth time. Each 
intensity is normalized by the intensity of 
ethanol at 2.7 kPa at RT. 

References: [1] S. Maruyama et a1. Chem. Phys. Lett. ，360，229(2002); [2] J. Herzler et a1. J 
Phys. Chem.， 101， 5500 (1997) 
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Selective growth of carbon nanotubes with desired chirality and wall number is a key 

issue for future industrial applications. We have recently reported that high purity 
double-walled carbon nanotubes (DWNT) can be grown with a post-growth purification 

process by chemical vapor deposition (CVD)， using a mixed catalyst on MgO at optimized 
composition.[l] We developed here a direct synthetic method of DWNT and triple walled 

nanotubes (TWNT) without such post可growthpurification process. 
Using Co or Fe catalyst loaded on MgO (100) by dip-coatingラ carbonnanotubes were 
grown by CVD at 8500C with ethanol as a carbon source. As seen in a typical TEM image of 
the 前回grownsample， Fig.l， the product was dominated by DWNT (~65%) and T¥¥明T
(~35%) ， while single-wal1ed ones (SWNT) were hardly observed. Tube diameters of the 
DWNT were distributed in 0.6-3.2 nm (inner tube) and 1.2-4.0 nm (outer tube). Figure 2 

shows their Raman spectra (top two traces) comparing with those of high-purity SWNT 

grown on Si/Si02 [2， 3] and DWNT grown on MgO powder.[l] The band shape of radial 
breathing mode (RBM) and G band of the as-grown samples looks very similar to those of 

DWNT reference. Recalling that DWNT and TWNT has much lower Raman scattering 

efficiency compared to SWNT，[l] the Raman spectra also support that DWNT and TWNT 
were selectively grown on MgO substrate without post-growth purification. 
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Fig. 2 Raman spectra (532 nm exc.) 
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The development of a non-destructive method for purification of carbon nanotubes 

(CNTs) is needed for their industrial applications. For this purpose， we have designed some 

amphi1ic o1igopeptides which can disperse CNTs in water. The result of dispersion 

experiment， pep-2 was demonstrated to effectively disperse CNTs in water comparing to other 

peptides. If pep-2 interacts with CNTs but not with amorphous carbons and metallic 

catalysts， the dispersion procedure with pep-2 can be used as a method for purification of 

CNTs without damaging them. In this studyラaraw CNT material (MER Co.， Tucson USA) 

containing amorphous carbons and metallic catalysts was dispersed into water and the 

properties of the dispersed CNTs were evaluated by scanning electron microscopy (SEM)， 

Raman spectroscopy， thermogravimetric analysis (TGA)， UV/VisINIR spectroscopy， and 

elemental analysis. 

To prepare the CNT・-dispersedaqueous solutions， raw CNTs (40 mg) were added to 0.1 

wt% pep-2 aqueous solution (40 ml)， and the mixture was sonicated in water using bath and 

tip-type sonicators in an ice bath. After centrifugation， the supematant was collected to 

remove insoluble materials. By adding methanol， black materials came out from the 

supematantラfollowedby washing with methanol and water to remove an excess of adsorbed 

peptides on the surface of CNTs. Finally， recovered CNTs were collected by lyophilization. 

As a result， 3.6 mg ofrecovered CNTs was obtained from the 40 mg ofraw material. 

Comparison of SEM images of the raw and recovered CNTs showed disappearance of 

most of the amorphous carbons that existed in the raw CNTs. This morphological 

observation indicates that the raw CNTs can be puri五edto some extent by dispersing with 

pep-2. It was thought that amorphous carbons were selectively removed by dispersing with 

pep-2. Detailed properties of the recovered CNTs estimated by Raman spectroscopy， TGA， 

UV/Vis月.JIRspectroscopy， and elemental analysis will be discussed. 
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We have obtained optically active SWNTs through chiral molecular recognition of 

carbon nanotubes with chiral porphyrin nanotweezers. [1，2] In the studies， we found that 

changing the spacer in chiral nanotweezers is effective to enhance the optical activity of 

SWNTs. Here， we designed and synthesized 3，6-carbazole-bridged chiral diporphyrin to 

discriminate both (n，m) and helicity of SWNTs. 

absorption spectra 

as-received and extracted SWNTs. It shows clearly 

similar 

胆.Il)

(7，5) and (8，4)-SWNTsラ

diameters， were enriched significantly 

extraction， which is also supported by Raman spectra. 

As shown in Figure 2， the CD spectra of the extracted 

symmetrical， indicating 

extracted SWNTs are optically active. Only two 

dominant CD peaks were observed at 374 and 639 
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through the 
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which is significant progress towards SWNTs with 

preferentially 
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single structure. 
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Komatsu， T. Kimura， A. Osuka， J. Am. Chem. Soc. 2007， 129，15947-15953 

Corresponding Author: Xiaobin Peng， E-mail: xiaobin@belle.shiga-med.ac.jp 

Tel: +8 ト77・・・548-2102，Fax: 十81-77-548-2405

-108-



2P-9 

Effect of density of carbon supply on the synthesis of small diameter 

SWNTs by ACCVD method using platinum as catalyst 

OKeisuke Urata1，Sinzo Suzuki2
ラ
HirosiNagasawa3，and Yohji Achiba1 

1 Department of Chemistry，おかoMetropolitan Uniνersかおかo192-0397，Japan 

2 Department of Physics，めotoSangyo Universiかめoto603-8555， Japan 

3 Nitta Haas Inc. ，Ttoわ!o104-0061， Japan， 

Controlling the diameter or diameter distribution of single wall carbon nanotubes (SWNTs) 

is important subject for application of SWNTs. It is well known that ambient temperatureラ
carbon source materialsラandthe kind of catalyst are important parameters for controlling the 
production of SWNTs. We have reported the synthesis of SWNTs with small diameter and 

narrow diameter distribution by using platinum metal as catalyst and porous glass (PG) as 

support material [1，2]. Platinum catalyst gives SWNTs with smal1 diameter， and their 
diameter distribution changes by the density of carbon supply. 

The SWNTs samples were synthesized by 

州"'̂'
J....J...L.L. 
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Raman Sh i ft! cm-1 

ACCVD method using ethanol as carbon sourceラ
and platinum catalyst was deposited on PG. In 
the present workラ theambient temperature and 

the inner pressure of ethanol were systematical1y 
changed in order to synthesize the smal1er and 
the narrower diameter distributions of SWNTs. 
The obtained SW弓NTswere cha訂racte白r包edby 

TEM， Raman spectroscopy， and fluorescence 
spectroscopy. Typical example of Raman spectra 
is shown in Fig.l. It was found that as the 
ethanol pressure decreasesラ the diameter 

distribution of SWNTs shifts to smaller oneラ
especially the Raman peaks at 311 cm-1 (assigned 

to (6，5) tube) and 370cm-1(assigned to (5，4) tube) 
increase significant1y. In the high frequency 
region， it was found that D-band， G+ and G--band 
also systematically changeラ dependingon the 

ethanol pressure. Furthermoreラitwas also found 

that relative ratio of these peaks and diameter 
distribution of SWNTs change by changing 

Figure.l，: Raman spectra of SWNTs 
ambient temperature and pore size of porous 

synthesized at 800 oC with different glass. 

pressure of ethanol (488nm excitation). 

References:[l] Y. Aoki et al.， Chem. Lett.ラ562，34(2005) 
[2] K. Urata et al.， The 33th Fullerene-Nanotubes General SymposiumラlP-21(2007). 
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Toward the selective production of metallic SWNT 

by the laser ablation method 

。YasuhiroTsuruoka and Y ohji Achiba， 

Department 01 Chemistry， To砂oMetropolitan Universiか，日付。 192-039スJapan

Selecting catalyst and ambient gas properly are well known to control diameters of 

SWNTs in laser ablation process. Actually， relatively small and narrow diameter distribution 
can be realized by laser ablation method with RhlPd catalyst combined by N2 gas atmosphere. 

Furthermore， in the laser ablation experimentsラwewere able to make the condition such that 
the laser-generated plume have different temperature experience during traveling inside the 
fumace ， and deposits somewhere in the downstream area to continue the growth of the tubes 

up to several μm. [1]. 

In the present work， we prepared SWNTs by combining He gas and Rh/Pd catalyst by 
changing the position of the laser ablation target inside a fumace as well as by collecting soot 

at different positions. Figure 1 shows Raman spectra of the sample obtained by collecting the 

soot deposited at five different places in the downstream area ofthe fumace. For example， the 
sample 1 is the soot collected at relatively upstream position in comparison with the one of 

the sample 5， and thus the annealing temperature for the sample 1 is reasonably thought to be 
higher than that of the sample 5. As shown in Fig. 1， the resulting chirality distribution of the 
(7，7)， (8，5) and (9，3) tubes changes significantlyラmostprobably ref1ecting the difference in 
the annealing temperature. More detailed results and discussion will be shown in the 
symposmm. 

哀B ZD 却 謹盟 議担 まD 協D ほお姥B 髄B 閣Drm 1援翠
Raman Shift (cm-1) Raman Shift (cm聞1)

Fig. 1. Raman spectra of deposited soot at 488nm 
[1] T.Nakayama et al.， The 33th Ful1erene-Nanotubes General Symposium， lP-25 (2007) 
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Synthesis of single-walled carbon nanotubes films by DC arc discharge 

Oz. Li， H. Wang， S. Inoue， YAndo 

2Ft COE Program“NanoFactOlァヘDψartment01 Materials Science & Engineering， 
Meijo UniversiかjShiogamaguchi 1-501， Tenpaku-ku， Nagoya 468同8502，Japan 

Single-walled carbon nanotubes (SWNTs) films were synthesized with various catalysts 

by DC arc discharge using two graphite plates 

fixed on the anode and cathodeラ respectively

[1][2]. Raman spectroscopy， thermal 

gravimetric analysis (TGA) and scanning 

electron microscopy (SEM) were used to 

characterize quality， purity and morphology of 

S¥¥弓.JTsfilms. Based on results of these 

analyses， we have got properties-controlled 

films by varying catalysts， atmospheres， 

distance between two plates， current and Fig. 1 Macroscopic image of SWNTs film 

evaporation time of arc discharge. As an 

example， when Mo and F e used as catalystラAr

and H2 as buffer gas， a kind of semitransparent 

SWNTs film σig. 1 Macroscopic image) has 

been made by this method， and the net of 

sparse SWNTs bundles (Fig. 2 SEM image) 

was formed on this film. Moreover， the 

synthesized SWNTs films can easily be stuck 

on the other substrateラsothat these films will 

be a good candidate in many applications such 

as composites， field emission，白elcell and 

sensors. 

Fig. 2 SEM image of SWNTs film 

Refi巴rences:[1] X. Zhao， S. Inoue， M. Jinno， T. Suzuki， Y. Ando， Chem. Phys. Lett. 373 (2003) 266. 

[2] C. Journetヲw.K.Maser， P. Bernier， A. Loiseau， M.L. Chapel1e， S. LefrantラP.Deniard， R. Lee， J.E. Fischer， 

Nature 388 (1997) 756. 
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Nitrogen and oxygen plasma functionalization of carbon nanotubes for 
photovoltaic device application 

o Golap Kalita a， *， Sudip Adhikari a， Hare Ram Aryal a， Rakesh Afre b， Tetsuo Soga b， 
Maheshwar Sharon c， Masayoshi Umeno a 

αDepartment of Electrical and Electronics Engineering， Chubu Universiか1200Matsumoto-cho， 

Kasugai-shi 487-8501， Japan 

b Department of Environmental Technology and Urban planning， Nagoya lnstitute ofTechnology， Nagoyα 

4668555， ;.勾7an

C Nanotechnolo幻JResearch Center， Birla College， Kalymト 421304，lndia，

Abstract 

Surface wave assisted microwave (S叫んMW) plasma was used for surface 

modification of multiwalled carbon nanotubes (MWCNTs). CNTs were treated with 

nitrogen and oxygen microwave plasma in order to functionalize covalently their side 

wal1s. X司rayphotoelectron spectroscopy (XPS) study shows surface modification with 

nitrogen and oxygen containing different functional groups. Transmission electron 

microscope (TEM) study shows induced defect in the side wal1s of nanotubes， without 

destruction of multi layer structure of the CNTs. Functionalized CNTs shows very good 

dispersion in organic solvent. Functionalized CNTs were incorporated in organic 

heterojunction photovoltaic device and enhancement in device perfoロnancewas 

observed. Details study of CNTs functionalization via SW-MW plasma wil1 be 

discussed， 

References 

[1] 1. Chen，孔1.A. Hamon， H. Hu， Y. Chen， A.孔1.Rao， P.C. Eklund and R. C. Haddon， 

Science 282 (1998) 95. 
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(2005) 074308. 
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Formation of nano pn junction diode via alkali園halogen

plasma ion irradiation 

o 1. Shishido1， T. Kato1， W. Oohara1ぅR.Hatakeyarna1， and K. Tohji2 

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

2 Graduate School of Environmentα1 Studies， Tohoku University，Sendai 980-8579， Japan 

Single-Walled carbon nanotubes (SWNTs) have a s甘ongpotential in fabricating 

novel nano electronic devices in cornbination with other foreign rnolecules and atorns， 

owing to their unique one-dirnensional structure and electronic properties. Up to now， 

our group has dernonstrated electrical features of SWNTs can drastically be rnodified by 

alkali-rnetal encapsulation， and hence air-stable n-type serniconducting behavior can be 

[1]. This resu1t rnotivates us to develop a nano-pn junction 

encapsulating both electron donor and acceptor in a sarne individual SWNT. According 

to the rneasurernent of transport properties of ion-irradiated S"弓~Ts ， it is found that 

halogen atorns filled in SWNTs play a role as an electron acceptor， and extrearnly 

enhance p勾pecharacteristics. Furtherrnore， when both alkali (Cs) and halogen (1) 

atorns are encapsulated in SWNT， a diode-like electrical property can be observed. 1n 

addition to this diode like behavior， an interesting characteristic is also observed for Cs/1 

encapsulated S同TNTsas shown in Fig. l(a). This characteristic is known as a unique 

character of the p-n junction structure [2]. Furtherrnore， negative differential resistance 

(NDR) properties are also observed at a low ternpera旬recondition (Fig. l(b)). These 

resu1ts indicate that the p-n junctions in SWNTs tend to be created by rneans of selective 

doping of electron donors and acceptors with the advanced plasrna technology. 

by diode realized 

、‘，，
f
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u
 

/，目、¥

vGのう vDSれヲ
Fig.l Source-drain current (lDS) vs gate voltage (V 0) characteristic (a) and NDR properties (b) 
of Cs/I filled SWNTs under the FET configuration. 

[1] T. 1zurnidaetal.，Appl. Phys. Lett. 89， 093121 (2006). 

[2] C. Zhou et al.， Science 290， 1552 (2000). 
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Novel Carbon Nanotubes/Photopolymer Nanocomposites with High 

Conductivity and Application to N anoimprint Photolithography 

OTsuyohiko Fujigaya， Takahiro Fukumaru， and Naotoshi Nakashima 

Department 01 Applied Chemistη" Graduate School 01 Engineering， Kyushu Universiか

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

Abstract: 
We fabricated the 
composites of SWNTs and 
UV-curable monomer 1 
(Figure 1) by in situ 
photopolymerization and 

CH2=CHC…2叫〈1く〉仇CHペCOC件CH2
Figure 1. Chemical structure of monomer 1 

found that composite films exhibit extremely high electrical conductivity and low 
percolation threshold compared to other SWNT!p01ymer composite. We considered that 
this results were the consequence of the stable dispersion of SWNT by monomer 1. The 
degree of dispersion of SWNT in the fi1m was estimated by UV司nearIR absorption 
spectroscopy and transmission electron microscopy (TEM) technique and found that the 
SWNT was dispersed homogeneously in the film. Nice 2D pattems of composites are 
successfully fabricated by using nanoimprint lithography (Figure 2) [1]. The results 

Figure 2. SEM images of nanoimprint pattems 

fabricated by PDMS stamps. 

clear1y indicate the high 
processability of the 
composite. Conceptually， the 
combination of SWNTs and 
UV cure monomer can be 
applied in a wide range of 
lithographic techniques such 
as ink jet printing and laser 
stereolithography. The same 
procedure might be also 
applicable for the 
multi-walled carbon 
nanotubes. 

References:[1]T. Fujigaya， S. Haraguchi， T. Fukumaru， N. Nakashima.， Adv. Mater.， in 

press. 
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Increase of surface area of super-growth single-walled carbon nanotubes 

via opening， resulting in improved electrochemical capacitance 

oAli Izadi-Najafabadi1ぺKenjiHata¥ Tatsuki Hiraoka
1， Takeo Yarnada1

ラ
DonN. Futaba 1， 

Satoshi Yasuda
1
， Osarnu Tanaike2， Hiroaki Hatori2， Motoo Yurnura1 

and Surnio Iijirna1，3 

1 Research Center戸rAdvanced Carbon Materials， Nationallnstitute of Advanced lndustrial 
2Science  md Technologf;4IS刀，Tsukuba 305-8565， Japan 
Energy Technology Resωrch lnstitute， Nationallnstitute of Advanced lndustrial Science and 

Technology μIS刀，Tsukuba 305-8569， Japan 
32Ft Century COE， Mαno拘ctoη，Department 01 Material Science and Engineering， Meijo 

Universiかタ入Tagoya468-8502， Japan 

High specific surface area (SSA) rnaterials are of huge irnportance given that all 

reactions in solid phase take place at the surface. Having a theoretical rnaxirnurn SSA of 1315 
rnLIg， as-grown single-walled carbon nanotubes (outer surface only) are often overlooked 
when cornpared to high SSA rnaterials such as activated carbon having an SSA of 2000 rn2/g. 
However theoretically the surface area of SWNTs can be doubled by utilizing the intemal area 

of the tubes. 

Here utilizing the highest SSA as-grown SWNT forests (1299 rn2/g) [1， 2]， an 
opening process， capable of alrnost doubling the SSA Is presented. The opened SWNT forests 
are then utilized as electrode rnaterials for electrochernical capacitors. Their capacitance 

perforrnance Is enhanced on the sarne order of rnagnitude as the Increase in SSA. 

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

[2] D. N. Futaba， K. Hata， T. Yamada， T. Hiraoka， Y. Hayamizu， Y. Kakudate， O. Yanaike， H. Hatori， M. Yumura 

and S. Iijima， Nat. Mater.， 5 (12)， 987 (2006) 
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Photovoltaic cell made of single wall carbon nanotubes and fullerenes 

OTatsunori Kuramoto， Toru Arai， Shingo Nobukuni， Yoshikazu ShimoteラTetsujiMoriguchi 

D p々artmentof Applied Chemistηj F aculty of Engineering， 
角川huInstitute ofTechnology， Kitaわlushu804-8550， Japan 

Carbon nanotubes and fullerenes have been 

applied to photo devices[1-3]. In this studyラ we

synthesized the functionalized single wall carbon 

nanotubes (SWNT-[C60Jn) which were covalently linked 

to fullerenes with linkers. 

SWNT-[C60Jn were deposited on a ITO glass by 

the electrodeposition method in which Kamat et al. 
reported the deposition of the SWNTs[ 4]. That isラ

SWNT-[C60Jn were suspended in THF with the aid of 

tetraoctylammonium bromide and were deposited 

(Fig.l). 

R =(CH2)，1 

Using the SWNT-[C60Jn film on ITO as working electrode， counter electrode was Pt plate 
or Pt coated ITO， and an acetonitrile solution of 0.05 M iodine / 0.5 M sodium iodine was 
applied as the electrolyte. SWNT-[C60Jn were excited with Xe light. Fig.2 shows the 
photoresponse of SWNT-[C60Jn film in a photoelectrochemical cell. These results indicate the 
successful injection of electrons from the excited SWN下[C60Jnto the ITO electrode. 

The photocurrent density-voltage characteristics were measured with a sandwich cell (5 

x 5 mm， data not shown). The observed photocurrent density was very low (for instance， ~3.1 
μA!cm"'). We will present the photocurrent density-voltage profiles and the reaction 
mechanisms. 

Fig.l. S\\尽~T司[C60]n were deposited on 

ITO glasses by electrodeposition. 

11一口三71ーι11l
li:山山li日目
[J阻
Figユ Photovoltage(left)and photocurrent(right) on-off 
cycles of SWNτ~[C60]n・It is excited with Xe light. The 

counter electrode is Pt plate， and the electrolyte is 0.05 M 12/ 

0.5 M NaI in acetonitrile. 

[1] S. BarazzoukラS.Hotchandani， K. Vinodgopal， and P. V. Kamat， J Phys. Chem. B 2004， 108， 17015. 

[2] T. UmeyamaラM.Fujita， N. TezukaラNaoki.Kadota， Y Matano， K. Yoshida， S. Isoda， and H. Imahori， J Phys. 

Chem. C 2007， 111， 11484. 

[3] T. Hasobe， S. Fukuzumi， and P. V. Kamat， J Phys. Chem. B 2006， 110，25477. 

[4] P. V. Kamat， K. G. Thomas， S. Barazzouk， G. Girishkumar， K. Vinodgopal， and D. Meisel， J Am. Chem. Soc. 

2004， 126ラ10757.
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Precise Optical Detection of Mechanical Vibration of Cantilevered Carbon 

N anotubes in Air 

o Shun Fukami 1 and Seiji Akita 1，2 

1 Department 01 Physics and Electronics， Graduate School 01 Engineering， Osaka P向井cture
University， 1-1 Gakuen-cho， Mαkルku，Sakai， Osaka 599-8531， .fcαrpan. 

2CREST， .fcαrpan Science and Technology Agency 

Mechanical vibration of cantilevered carbon nanotubes (CNT) enables highly sensitive 
mass measurement with high sensitivity of 10引 gorder in a vacuum. In order to apply this 
method to biological samples， the measurements in air and in liquid are needed. In this study， 
we have demonstrated the optical detection of mechanical vibration of cantilevered carbon 
nanotubes in air. 
A cantilevered multiwalled carbon nanotube 
(M¥¥明T)array on the knife-edge was prepared by 
electrophoresis method. The MWNTs used here were 
synthesized by CVD and were about 50 nm in diameter. 
A nanotube array was set on a stage with a piezo device 
and was then oscillated mechanically by applying an 
AC voltage to the piezo device. The nanotube 
cantilever was 出rra削~a吋a吋山d
wavelength of 532 nm under t也hecondition of dark-field 
illu山I泊mma剖ti白on.Scattered light by a certain MWNT was 
col1ected to a single mode optical fiber with a core 
diameter of 3.3μm， which act as an aperture， by using 
an optical microscope as schematical1y shown in Fig. 1. 
At the resonant frequency， the signal becomes minimal 
because the nanotube cantilever vibration and the 
vibration amplitude are related to the signal intensity. 
Figures 2(a) and 2(b) show， respectively， optical 
microscope images of the off-resonant and resonant 

MWNT with the length of 10μm. Figure 2(c) shows an 
SEM image ofthe MWNT. As shown in Figs. 2(a) and 
2(b)， the vibration of the MWNT is hardly detected 
from the original optical images. On the other hand， as 
shown in Fig. 3， the oscillation frequency dependence 
of the signal intensity is clearly detected by using the 

Fig.2 Optical and SE孔1images of the 
MWNT cantilever: (a) off-resonance， (b) 
resonance， and (c) SEM image. 

detection system used in this experiment. The resonant :; 8 
frequency of the 孔1\\弓~T is ~ 151 kHz and Q factor 5 7.5 
calculated from the frequency dependence is about 113. .e 7 
Thus， we have successful1y detected the vibration of -;，-6.5 。
nanotube cantilever in air using the optical detection 
system. 

τ， 6 
3 

~ 5.5 
a 
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<( 144 146 148 150 152 154 156 

Frequency (kHz) 
Corresponding Author: Seiji Akita， 
ιmail:akita@pe.osakafu-u.ac.jp，Tel&Fax:072-254-9265 Fig. 3 Frequency-amplitude curve 
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Density increase of well-dispersed single-walled carbon 
nanotubes by laser trapping 

Thomas Rodgers 0ぅSatoruShojiう&Satoshi Kawata 

LαSIE， Depαrtment of Applied Phυsics， Graduαte School of Engineering， Osαkα 
University， 2-1 yiαmαdαokα， Suitα，Osαkα 565-0871 

Aggregation of individu叫 singlewalled carbon 凶 notubes(SWCNTs) in highly 

focussed laser light was observed by Raman scatteri時 [1].Nanotl恥 sproduced by 
the high pressure carbon monoxide (HiPCO) method were dispersed in an aqueous 

surfactant solution by sonicationうandultracentrifugation was used to ensure a 

high ratio of individualぅdebundledSWCNTs. Laser light of 633nm was focused 

thr・0時 ha high numerical aperture (NA = 1.35) lens to achieve the high optical 

field gradient required for optical trapping and aggregation[2]. We observe the 

dynamics of the radial breathing mode (RBM) Raman scattering signal from the 

confocal volume of the optical trapうandshow that there are distinct fluctuations 

in the RBM amplitudes. These correspond to transient but significant density 

increases of nanotubes in the focal volume. We discuss the independent behaviour 

of the observable RBMs， with respect to the wavelength of the trapping laser and 
the metallic/semiconducti時 natureof the correspo凶 i時 CNTs.This experimental 

technique has great potential in the application to post-production processing of 

carbon nanotubesぅsuchas Sl伽 tratepat“te白err山1
tωo its minimal reliance on the chemical modification of SWCNTs[5] 

[1] H. Lopez et al In-situ Rαman Spectroscopy 01 Opticαlly Trapped Single-Walled Cαrbon 
Nαnotl配 sfor the MAR05 Meeting of The American Physical Society (abstract)う2005

[2] K. Svoboda and S. Block Optical trapping 01 metallic Rαyleigh pαrticles Optics Letters Vol 
19 No. 13ヲ1994

[3] J. Zha時 etal Multidimensionα1 manipulation of cαrbon nanotube bundles with optical 
tweezers， Applied Physics Letters 88 053123 (2006) 

[4] S. Tan et al 01巾calTnαpping of Single Walled Cαrbon NanotゆesNano Letters Vol 4ぅNo8 
2004 

[5] J. Plewa et al Processi吋 CαrbonNαnot叫eswith Opticα1 Tl何ezers，Optics Express 12 1978う
2004 
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Effects of Microwave Radiation on Heat~resistive Proteins Adsorbed on 

Carbon N anotubes 

o Hirokazu Horiguchi and Masahito Sano 

Department 01 Polymer Science and Engineering， Yamagat，αUniνersiσ992-8510， Jcαrpan 

Carbon nanotubes (CNTs) are heated efficiently by microwave radiation. We have shown 
that this high heating capabi1ity ofmicrowave radiation is quite useful for CNT chemistry. For 
instance， transitional oil bath heating of the CNT reaction mixture during an amidation 
reaction gage the maximum yield of 50 % after one week refluxing. Microwave heating of the 
same mixture increased the yield to nearly 100 % within 30 min irradiation [1]. Also， 
microwave heating of CNTs has a property that CNTs are heated much faster than the 
surrounding medium even in solution or bulk. ThusラPt-saltwas reduced only at the surfaces 
of CNTs to afford Pt-nanoparticels [2] and elastic response was improved in CNT/polymer 
composites by local meting of polymer on CNT surfaces [3]. 
In everyday life， we are constantly irradiated by microwave radiation. A cellular phone 
communicates using nearぢ 1W microwave power with a local station which radiates about 
30 W. Most IC tips in electronic devices operate at microwave frequencies also. Considering 
the high efficiency of microwave heating， these si印ationsraise a question of what happens if 
the substances interacting with CNTs are bio-related. Recently， CNTs are actively studied for 
medical applications such as DDS， cell scaffolds and artificial joints. Other than those cases 
that CNTs訂eintentionally incorporated into bodies， they can be inhaled accidentally during 
ordinary handling. Thus， it is of great importance to know what level of microwave radiation 
affects living bodies with CNTs inside. 
We have reported that， a red blood cell protein， hemoglobin (Hb) adsorbs specifically on 
CNTs [4]. As a primary studyラtheeffect of microwave was investigated on Hb/CNT system. 
We have found that denaturation is clearly enhanced by 5 W power for 25 sec irradiation with 
the presence of CNTs. In this case， the average temperature of the mixture was about 40 oC 
and this means that water temperature near CNTs might be stiU higher. Because Hb denatures 
easi1y by heat， this estimate may contain those Hbs that are denatured by heated water rather 
than CNTs. To see the effect of CNT more directly， a mitochondrial proteinラ cytochrome司C
(Cyt-c) was investigated in this study. Cyt-c is stable against heat and has a reversible 
folding/unfolding transition at 67 OC. Similar to Hb， Cyt-c possesses heme group that can be 
used to follow its state by spectroscopy. We show that it takes more microwav 

[1] K. Kubota， M. Sano， T. Masuko， Jpn. 1. Apll. Phys. 44ラ465(2005). [2] S. Yoshida， M. Sano， Chem. Phys. 
Lett. 433， 97-100 (2006). [3] S. Yoshida， T. Mitsumata， M. Sano， Chem. Lett. 35， 262-263 (2006). [4] K. 
Kato， M. Sano， Chem. Lett. 35， 1062-1063 (2006). 
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Dependence on Insulator thickness for sensitivity of Carbon Nanotube 

Field-Effect Transistor Biosensor 
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2
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lOlympus CorporationタJapan，2NのvEnergy and lndustrial Technology Development 

Organization， Japan， 3 Nαtionallnstitute 01 Advanced lndustrial Science and Technology， 
Japan， 40saka UniversiがJapan

A carbon nanotube field-effect transistor (CNT-FET) should be able to detect living 

biological molecules with high sensitivity， The structure of the CNT-FET device significantly affects 

the performance of the sensor. In this study， we compared a sensitivity of the CNT-FET biosensors 

which differs the thickness of the insulator 

The metal gateless type CNT-FETs were used for 

the biosensor (see figure 1). Antibodies were immobilized 

on the sensing area of the CNT-FET， and the electron 

charges of the antigens trapped by the antibodies were 

detected. Silicon nitride was used as an insulator in the 

sample CNT-FET. The silicon nitride layer was covered 

Sensing area 

with a wate中roofresist. Three kinds of CNT-FETs were Figure 1. Meta1 gateless type CNT-FET. 

usedラ whichthe thicknesses of the insulator were 20 nm， 50 nm， 

and 80 nm， respectively. Pig serum albumin (PSA) and anti pig 

serum albumin (a-PSA) were used for the measurement， where 

PSA and a-PSA are an antigen and a corresponding antibody. For 

the measurement， a silicone rubber wall was placed on the sensor， 

where a solution of Tris buffer (pH 8.0) containing PSA was 

poured. The dependence of the drain current on the PSA 

concentratIon was measured. 

Figure 2 shows the drain current-top gate voltage curves 

of biosensors onto which the Tris buffer was poured. Back-gate 

voltage was controlled， and at a drain voltage of十1V， a top gate 

vo1tage of + 1 V， a drain current was same for three biosensors. The 

transconductance
ラ Gm， became larger as the thickness of the 

insulator became thinner. This suggests that the CNT-FET 

biosensor becomes more sensitive as the thickness of the insulator 

becomes thinner. The results of the biosensing will be discussed at 

the presentation. 
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FET Properties ofExohedrally Modified SWCNTs 
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Abstract: Semiconducting single悶walledcarbon nanotubes (SWCNTs) are promlSlng as 

electronic materials for nano-scale devices in the future， and the electronic properties of 

SWCNTs are of significantly fundamental and practical interests. It is well known that the 

field effect transistors (FETs) fabricated by semiconducting SWCNTs show high performance 

in terms ofthe mobility. However， it is also known that some serious problems in CNTs-FETs 

existラ suchas control in the carriers， atmospheric effects， and so on. Semiconducting CNTs 

have both holes and electrons as carrier， therefore， CNTs-FETs usually exhibit ambipolar 

charge transport. For applying CNTs to electronic device materials， it is necessary to control 

the carriers. A ca汀ierdoping could exohedrally be possible when the SWCNTs surface is 

chemically modified. With such chemical modifications， the charge transfer from the 

exohedral functional groups to SWCNTs will be expected， and this could modify the 

electronic states of SWCNTs. We have reported the FET properties of SWCNTs exohedrally 

modified by organic molecule chemisorption， and demonstrated that ambipolar character can 

be converted to n-type ones[l]. However， because ofununiformity ofthe surface modification 

of SWCNTs， the confirmation of charge transfer from the exohedral functional groups to 

SWCNTs is extremely difficult. In this studyラwewill report the FET properties of SWCNTs 

exohedrally modified by Si-containing organic molecules. We used the organic 

molecule-physisorbed SWCNTs to make clear the effect of exohedrally modification， and it 

was shown that an n-type character can be enhanced by physisorption also in a similar manner 

to the chemisorbed ones. We will also discuss the possibility of charge transfer by using 

spectroscopic methods. 

[1] R. Kumashiro et al，. 1. Phys. Chem. Solids， in press. 

Corresponding Author: Ryoraro Kumashiro 
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Atomic structures of graphene adatom and its aggregation 

Tomofumi Hashi 0 and Mineo Saito 

Graduate School 01 Natural Science and Technology， Kanazawa University， Kakuma， 
Kanazawa 920-1192， Japan 

Graphenes as well as carbon nanotubes recently attract much attention since 

they are candidates for nano device materials. For achieving nano devices， control 
of defects is very important as in the case of silicon technology. However， 
understanding of even fundamental defects such as vacancies and adatoms is still 

insufficient. In this study， we study atomic structures and energetics of graphene 
adatom and its aggregation by performing first principles calculations. 

The most stable site of adatom is found to be situated on the 

bond center of graphene sheet. The diffusion barrier is 

estimated to be very small (0.33 e V)， which is consistent with 
experimental results that interstitial defects in graphite 

diffuses at temperatures lower the room temperature. As for Fig 1 

the dimer of adatoms， two pentagons are formed， so this 
configuration is very stable (Fig. 1). The energy of the dissociation of the dimer 

into two adatoms is very large (5.5 eV)， indicating that this dimer is very stable. 
Therefore this dimer is expected to be experimentally detected under some 

experimental conditions. We find that a line defect in which dimers are arranged in 

a straight line is found to be more stable than the isolated dimer. This line defect in 

carbon nanotube are found to be ferromagnetic and is thus useful[I]. To clarify 

whether this line defect is spontaneously formed by aggregation of adatoms as a 

result of diffusion of adatoms， we determine stable atomic structures of tetramers. 

The two dimers arranged in a straight line is very stable but we find that another 

structure of the tetramer is more stable. Therefore we conclude that the line defect 

is not formed by thermal diffusion， thus another approach is necessary to form the 
line defect. 

[1] S. Okada et al.， Phys. Rev. B 74， 121412(R) (2006). 

Mineo Saito 

E-mail: m圃saito⑨cphysふkanazawa-u.ac.jp Tel&Fax:0298・76・3815
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Environmental effect on excitons of single wall carbon nanotubes 
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3 Francis Bitter Mαgnet Laboratoη'，Mαssachusetts Institute ofTechnology， Cambridge， 
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4Department of Physics， Massachusetts Institute ofTechnology， Cambridge， 
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In this paper， we show the diameter dependence of the dielectric constant of single wall 

carbon nano加bes(SWNTs). The optical transition energies of SWNTs are calculated by 

solving the Bethe-Salpeter equation in which the one partic1e energies are given by the 

extended tight-binding method [1]. As for the surrounding materials of a SWNT， we 

express the environmental effect on the exciton binding energy by a die1ectric constant. 

In previous paper we used the static dielectric constant (the value is 2.22) in the 

calculation to reproduce the experimental values of the Raman Eu or photoluminescence 

Eu for SWNT bundle samples [1，2]. For other samples， we need to consider a correction 

to the environmental effects. To reproduce and evaluate the experimental results， we use 

the dielectric constant as a linear combination of the screening of nanotubes itself and 

the surrounding material [3] and adjust the value of dielectric constant. From our 

calculation the dielectric constant is a function of the diameter and Eu of SWNT. The 

calculated results are compared with several experimental results. We also discuss the 

dependence of the exciton size of the dielectric constant and the diameter of SWNT. 

References: 

[1] J. Jiang et a1.， Phys. Rev. B 75， 035407 (2007). 

[2] K. Sato et a1.， Phys. Rev. B 76， 195446 (2007). 

[3] Y. Miyauchi et al.， Chem. Phys. Lett. 442， 394 (2007). 
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lNanotechnology Research Institute， AIST Central 5， Tsukuba， 305-8565， Japan 
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Absorption (Abs) and photoluminescence (PL) spectroscopy have become indispensable 
means to probe electronic states of single四wallcarbon nanotubes (SWNTs). These spectraラ
however， have been obscured by a large number of poor1y resolved peaks and the 
considerable background signal even after dispersion using various dispersants， hampering 
detailed spectral analysis. Very recent1y， it is shown that the use of polyf1uorene (PFO) as a 
dispersant dissolved in toluene results in the selective isolation and extraction of 
semiconducting S\\弓~Ts (s-SWNTs)， leaving very little trace of metallic SWNTs [1， 2]. 
Remarkably， only s-SWNTs with large chiral angles (neaトarmchairtubes) are selectively 
isolated. Moreover， the absorption background supposedly ascribed to carbonaceous 
impurities and/or rc-plasmon has been considerably suppressed. Thus simplified spectral shape 
has expanded the applicability of optical spectroscopy for the study of various phenomena 
involving a change in electronic states of SWNTs. Here we report preliminary results of 
spectroscopic monitoring of doping processes in selectively isolated s-SWNT. 

Figures 1 and 2ラrespectively，show changes in Abs and PL spectra induce by the addition of 
tetraf1uorotetracyanoquinodimethane (TCNQF4)， a p-dopant， into a HiPco/PFO/toluene 
solution. It is remarkable that isosbestic points are clear1y observed with the increase in 
TCNQF 4 concentration. The decrease in PL induced by doping is much larger than that in Abs， 
implying that the under1ying mechanisms are different. These and other implications of the 
observed spectral changes will be discussed in the presentation. 

。」一一一」 ー」一一一一--'- 一一一」一一
1000 1100 1200 1300 1400 1500 
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Fig.1 Change in Abs spectra of a HiPco/PFO/to1uene 
solution with an increase in TCNQF 4 concentration 
from 0 to 150μg/mL. 

5 104 

.c 4 104 

'" c s 3 10斗
E 

c: 2 104 

1 104 

0 
1000 

↓
I…m TCNQF4 

[1] Nish et al.， Nature Nanotechno10gy 2， 640 (2007). [2] Chen et al.， Nano Le抗.7，3013 (2007). 
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Response of Carbon N anotube Field Effect Transistors to Vibrating Gate 
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2 Department of Mechanical Engineering， Graduate School of Engineering， Osaka Universiか，
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Combination of carbon nanotube field effect transistor (CN下FET) sensors and 

nano-electromechanical systems is expected to be a novel functional force sensing device. 

Scanning gate microscopy (SGM) is a powerful technique for measuring local electronic 
properties of these devices because applied voltage cantilever tip acts as a nanoscale local 

gate. In this report， we have investigated the response of CNT-FET to vibrating gate using a 
SGM local gate. 
We fabricated CNT-FET through conventional photolithography process. The SWNTs were 

synthesized by low pressure alcohol chemical vapor deposition (ACCVD) method. We 
performed SGM measurement with non-contact mode at room temperature in air. Lock in 
amplifier was used here to detect the modulated current signal induced by the cantilever 
vibration with the amp1itude less than 50 nm and the resonant frequency of ~ 70 kHz (Fig. 1). 
Topographic image and modulated current image were taken simultaneously. 
Figure 2(a) and 2(b) show the topographic and modulated cu汀entimage induced by the 

gate vibration with the gate voltage of -1 V， where top and bottom ofthe images correspond to 
the source and drain electrodes， respectively. Under this condition， the deep modulation with 
2nA was achieved near the source electrodes. This is due to the modulation of the Schottky 
barrier induced by the gated cantilever vibration. On the contrary， in the cases of the gate 
voltages of 0 and 1 V， we could not observe clear modulated current images. 
In this way， we have succeeded in the detection of the cantilever vibration with the 
amplitude less than 50 nm and the frequency of70 kHz using the CNT-FET. 

Acknowledgement: We would like to thank Prof. Matsumoto's group in Osaka Univ. for 
advice for fabricating CNT-FET. 

Fig.l schematic image of circuit 
Fig.2 (a) topography and (b) modulated cu汀entimage. 
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single-walled carbon nanotubes 
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Phase relaxation time is one of important parameters which govem not only homogeneous 

line width but also coherent optical phenomena and nonlinear optical properties. 1n this studyラ

we have measured third-order nonlinear optical properties and phase relaxation time of 

nanotubes 
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[1] T. Yajima et al.， J. phys. Soc. Jpn. 47， 1620 (1979). 

[2] T. Inoue， K. Matsuda et al.， Phys. Rev. B 73， 233401 (2006). 
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Single walled carbon nanotubes (SWNTs) behave as a 

quantum dot at low temperatures because of their extremely 

small diameter of the order of 1 nm. SWNT double quantum 

dot devices have also been demonstrated [1-4]. In these reports， 
the devices with multi-topgate structure were fabricated. 

However， SWNTs in the topgate devices are surrounded by the 
insulator; therefore， it is difficult to position-selectively create 
defects， which act as the tunnel barriers， after device 
fabrication. In this study， we have fabricated the multi-gate 
device with the back gate structure， in which SWNTs are not 
surrounded by the insulator. The electronic transport properties 

of these devices are investigated at low temperature. 

Figure 1 shows the schematic side view of the SWNT 

double quantum dot device. SWNTs were grown by chemical 

vapor deposition (CVD) method using ethanol on the Si02 
layer and two Mo gate electrodes (G 1 and G2). SWNTs are ~ 
contacted with Pd electrodes. Gate voltage can be applied to 0 

the SWNT through G 1， G2 and the Si substrate (BG). 
Figure 2 shows experimental charge stability diagrams at 

1.7 K for the series double quan同mdot at the drain voltage 

乃sof 1 m V. In this measurement， three gates (G 1， G 2 and 
BG) were used; however， the voltages of G 1 and BG were 
the same. The “honeycomb" shaped array， which indicates the 
formation of the coupled quan印mdots， is observed. Each cell 
of the honeycomb coηesponds to a well-defined electron 

configuration for the double dot. The smeared shape of the 
honeycomb indicates that the two quan同m dots are strongly coupled [1，4]. From the 
dimensions of a single cell (~Vgl and ~九2 as i1lustrated in Figure. 2)， the estimated gate 
capacitances of Cg1 and Cg2訂 e8.9 aF and 1.1 aF， respectively. 

[1] N. Mason， M.J.Biercuk， C. M. Marcus，. Science， 303， 655， (2004). 
[2]孔1.R. Graber.ラ etal.， Phys Rev B.， 74， 075427， (2006). 
[3] H. 1. Jorgensen，・etal.， Appl. Phys. Lett.， 89， 232113， (2006). 
[4] Sami Sapmaz， et al.， Nano Lett.， 6， 1350， (2006). 
Corresponding Author: Hideyuki Maki 

E-mai1: maki¥a2appi.keio.ac.inラT巴1:+81-45・566-1643，FAX: +8ト566-1587
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Design of Si Nanotube: New Multi-shalle Nanotubes 

Susumu OkadaO 

Center for Computational Sciences and Graduate School of Pure & Applied Sciences， 

University ofTsukuba， Tennodai， Tsukuba 305-8577 

Ever since the discovery of nanometer scale tubes of carbon (carbon nanotubes: CNT)， 

much effort has been done to synthesize and design the nano-scale tubular structures 

consisting of the other chemical elements. Indeed， similar tubular structures with 

hexagonal network consisting of boron and nitrogen atoms have been experimentally 

synthesized. The electronic structures of these tubular structures exhibit different 

characteristics to those in the two-dimensional honeycomb lattice due to the different 

dimensionality. 

In the present work， we explore the possibility of tubular structures of silicon 

possessing the hexagonal network as in the case of CNT based on the first-principle 

total-energy calculations. In the case of isolated Si nanotubes (SiNT)， the SiNT with 

cylindrical shape studied here are found to be energetically unstable. Large structural 

reconstruction takes place on the wall of them to reduce the dangling bond character of 

the Si atoms. The result is ascribed to the fact that the Si does not possess the planer 

structures under the usual conditions. However， by encapsulating the SiNT into the CNT， 

we find that the SiNT keep their cylindrical shape (Fig. 1). The encapsulation results in 

the energy gain of about 0.5 eV 

per angstrom. By analyzing the 

electronic band structures and 

charge density of the SiNT 

encapsulated in the CNT， we 

find that the substantial 

hybridization of πstates of CNT 

and p states of SiNT and the 

charge transfer from SiNT to Fig.l: Top and side views of an optimized 

CNT stabilize the new Si-based structure of SiNT@CNT. 

tubular structure. 
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Multi-Walled Carbon Nanotubes 
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Raman spectroscopy is an analytical technique largely used to characterize carbon materials. 
Among them， single-walled carbon nanotubes (SWNTs) have been analyzed both theoretically 

and experimentally， and the relation between Raman spectra and structure of SWNTs has been 

well understood [1]. On the other hand， because of the difficulty of the theoretical analysis 

on multi-walled carbon nanotubes (MWNTs)， the Raman spectroscopy of MWNTs has not 

been well established up to now. For this reason， Raman spectroscopy analysis of MWNTs is 
mainly used to estimate the crystalline quality using the D-band to G-band intensity ratio， as 

usually applied to graphite materials. In this study， MWNTs with various diameters produced 

by Shenzhen Nanotech Port Co.， Ltd. have been analyzed with Raman spectroscopy to clarify 
the infiuence of diameter on the Raman Spectra of MWNTs. 

Figure 1 shows the Raman spectra of MWNTs at 532 nm excitation wavelength. Because 

Raman peak positions of MWNTs are particularly sensitive to temperature [2]， laser power 

was carefully controlled to minimize laser beam heating effects. Figure 2 shows the diameter 

dependence of G-band frequencies derived 

from curve fitting. For the curve fitting， we have 
used Lorentzian or Breit司、Tigner-Fano(BWF) 
functions for D-band， G-band， and G' -band [3]. 

Data indicate that G同bandfrequencies increase 

with decreasing tube diameter in the region be-

low 20 nm， and that they are almost constant in 

the region over 20 nm. It was reported that the 

interlayer spacing of MWNTs increased with 

decreasing tube diameter [4]. Thus， we be-

lieve that G-band frequencies in the region be-

low 20 nm訂eaffected by the interlayer spac-

ing of MWNTs. Moreover， the behavior of G-

band frequencies in the region over 20 nm can 

be explained with the optical penetration depth 
in graphite [5]. 

2000 

Fig. 1 Raman spectra of multi-walled 
carbon nanotubes. 
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Resonance Raman spectroscopy of metallic and semiconducting 

single-wall carbon nanotubes 
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We have measured the resonance Raman spectra of high-purity metallic and 
semiconducting single-wal1 carbon nanotubes (SWCNTs) and found a large difference 
in the Raman frequency of D四 andG' -modes， This result strongly suggests an essential 

difference in the physical properties of them. 
In the Raman spectra of SWCNTs， it is known that the disorder-induced mode (D 
mode) shifts to higher企equencywith increasing the laser excitation energy. This 

behavior can be understood by the double resonance model which is conceming with 

the electronic band structure and also the phonon dispersion relation.[1，2] In this work， 
we have measured the D and G' modes for the metal1ic and the semiconducting 
SWCNTs varying laser energy from 1.7 to 2.7 e V The metal1ic and semiconducting 
SWCNTs were separated using the density-gradient method [3-5]. In Fig. 1， the D mode 
frequency was plotted as a function of the laser energy. The slope of fitted line for the 
semiconducting SWCNT was 60 cm-1/eV while that ofthe metal1ic SWCNTs was only 
35 cm田l/eVInterestingly， the two lines are crossing at 2.1 eV thatjust corresponds to the 
Mll absorption peak. (See Fig. 2) Similar behaviors were also observed in the G' mode 
and the other high-frequency mode. We will show the detailed analysis by double 

resonance model and discuss the difference between metallic and semiconducting 
SWCNTs. 
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Chemical Derivatization of La⑨C82 and La2⑧C80 
with Phenylchlorodiazirine 
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A chemical derivatization of endohedral metallofullerenes adds new physical and 

chemical properties to the corresponding metallofullerenes. The structural determination of 

the functionalized endohedral metallofullerenes is also an important subject， since this can 

provide useful information for application in material science and biochemistry. Recently， we 

reported that endohedral metalloful1erenes react with adamantylidene carbene (Ad:) to afford 

the monoadducts regioselectively， La@C82(Ad)[1]， La2@C冗(Ad)[2]ラ SC3C2@Cω(Aの[3]
Theoretical calculation also suggests that the regioselectivity on carbene addition may be due 

to the charge density and the local strain of the cage carbons. 

Phenylchlorodiazirine has been known to afford phenylchlorocarbene (:CPhCl) upon 

photoirradiation. [4] We carried for the first time the reaction of La@C82and La2@C80wIth that 

diazirine and obtained the monoadducts as phenylchlorocarbene derivative. Spectral analysis 

suggests that La@C82(CPhCl) may be a mixture of two inseparable diastereomers having a 

same addition position of carbene. Meanwhile， the regioselective addition took place to afford 

La2@C8o(CPhCl). (一、
CI 

+ 氏 CILa@C82 hv 
-ーーーーーーーーー

La@CdCPhCl) 

CI 

La2@CSO La2@CSO(CPhCl) 

References: [1] (a) Maeda， Y. et al. J. Am. Chem. Soc. 2004， 126，6858-6859. (b) Matsunaga， Y. et al. ITE Lett. 

2006， 7，43-49. [2] Cao， B. et al. J. Am. Chem. Soc. in press. [3] Iiduka， Y. et al. Angew. Chem. Int. Ed. 2007，46， 

5562-5564. [4] Chemistry of Diazirines; Liu， M. T. H.， Ed.， Florida， 1987; Vols 1 & 2. 
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between an Aziridinofullerene and an Azafulleroid 
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In the chemistry of fullerene， the functionalization of fullerenes is one of the most 

interesting themes regarding to the development of new nanomaterials with the unique properties. 

Azafulleroids and aziridinofullerenesラ includingaza-bridged structures， are such examples of 

modified fullerenes， which are obtained by 1，3-dipolar [3+2] cycloaddition manner of organic 

azides with crucial problems for toxicity and explosibility.l Thus， new useful methods for the 

preparation of them are expected. 

In the course of 0町 studyon the development of synthetic methodology for aziridination 

of [60]fulleren久 wecarried out the photoreaction of [60]fullerene with sulfilimines. A ni仕ene

generated by photochemical cleavage of the S-N linkage in sulfilimines easily reacted with 

[60]fullerene to afford the corresponding three-membered aziridino白llerene，exclusively. We also 

found that aziridinofullerene (1) rearranged thermally to azafulleroid (2) in high yield， with the 

fact that 2 rearranges 1 photochemically? Here we report the regioselective aziridination of 

[60]白llereneand the reversible interconversion between 1 and 2. The structures of both adducts 

were successfully determined by single-crystal X-ray analyses. 
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We have reported efficient synthesis of lithium endohedral fullerene (Li@C60) by 

supplying low energy Li ions together with C60 molecules on a metal substrate (plasma 

shower method) and extraction Li@C60 by precipitation in a solvent [1-2]. 

HPLC (high performance liquid chromatography) has applied to purify endohedral 

fullerenes inc1uding endohedral [60]fullerene [3-5]. The eluent of aniline was chosen for 
the purification of both Er@C60[3] and EU@C60[4] using a Buckyc1utcher-I column. We 
have tried to apply HPLC purification of Li@C6o・Theposter shows some of experimental 

results for HPLC purification ofLi endohedral [60]白l1erene.
1-chloronaphtalene was chosen as extraction solvent and HPLC eluent as a most 

soluble solvent of the product by the plasma shower method. The chromatogram of the 

HPLC extract shows two peaks (Fig. 1). The latter peak (peak 2) was assigned as the 

original fullerene of C60・ Onthe other hand， the LDI-TOF mass spectrum ofthe former peak 
(peak 1) showed mostly single ion peak of Li@C60 (m/主=727). However， monomolecular 
of Li@C60 was not separated by repetition of the HPLC purification. These results suggest 

出atthe interaction between Li@C6o and C60 is considerably strong and they form a nano-size 

c1uster in the solution. 

国

A
〈

Peak 2; C60 
Peak 1 

Fig. 1 A chromatogram of extract using a ODS column (O.2mL/min， 391 nm UV detection). 

[1] K. Omote et al.， Special Lecture ofThe 33rd Fullerene-Nanotubes General Symposium， 2S幽2(2007) 
[2] H. Okada et al.， The 33rd Fullerene-Nanotubes General Symposium， lP-13 (2007). 
[3] T. Ogawa， T. Sugai， and H. Shinohara， J Am. Chem. Soc.， 122， 3538 (2000). 
[4] T. Inoue， Y. Kubozono， S. Kashino， Y. Takabayashi， K. Fujitaka， M. Hida， M. Inoue， T. Kanbara， S. Emura， 

and T. Uruga， Chem. Phys. Lett.， 316， 381 (2000). 
[5] T. Kanbara， Y. Kubozono， Y. Takabayashi， S. Fujiki， S. IidaラY.Haruyama， S. Kashino， S. Emura， and T. 

Akasaka， Phys. Rev. B， 64， 113403 (2001). 
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Ful1erene and its related compounds are active components to establish molecular 
electronic devices. Endohedral metal1o-fullerenes are expected to have distinctive 
characters of the electron transport properties because of the unique electronic structure 

of the inside of the carbon shell. In this study， we analyzed the electron transport 
prope吋iesof SC2C2@C84， which has encapsulated SC2C2 moiety in the C84 cage， by 
first -principle calculations. 

The model systems to analyze are illustrated in Fig. 1 where a SC2C2@C84 is 

locating between two infinite gold electrodes. Two configurations of the C2 residue 

sandwiched by two Sc atoms were analyzed to evaluate the effect of the free movement 

ofthe C2 residue[l]. All ofthe analyses were performed by Atomistix ToolKit [2-3] 
which implements nonequilibrium Green's function's (NEGF) technique and density 

functional theory to calculate electron transport properties ofthe molecular device. 

Fig. 2 shows calculated transmission spectra of two configurations of the C2 residueラ
indicating the transmission spectrum is signi五cantlydecreased after the rotation of the C2 
residue， in spite of the energy change by the rotation is trivial. The origin of the fall of 
the transmission around 0.4 eV could be realized by calculating the transmission 
eigenstate[4]， which provide a direct pic印reof the elec仕onicstates that contribute to the 
transmission. The contour plot of transmission eigenestate (in Fig. l(a)) at 0.42 eV 
before C2 rotation c1ear1y indicates出atthe back donation like e1ectronic s佐ucture
between π* like orbital in the C2 residue and d-orbital of Sc atoms are important for the 

transmission. It could be estimated that the formation of the complex between the C2 
residue and Sc atoms were broken by the movement of the C2 residue and it caused of the 

decrease of the transmission. The detail analyses will be discussed in the presentation. 

Fig. 1 (a) Schernatic and (b) graphical plots of SC2C2@C84 molecular 
device. The contour plot in (めdescribesa transmission eigenstate at device， before rotation ofthe C2 residue (black line) 
0.42(eV) before tbe ro凶 onof the C， residue. and after rotation (伊yline) 

[1 ]M. Krause， M. Hu1man， H. Kuzmany， O. Dubay， G. Kresse， K. Vietze， G. Seifert， C.R. Wang and H. 
Shinohara Phys. Rev. Lett. 93， 137403 (2004) 
[2]M. Brandbyge， J.-L. Mozos， P. Ordejon， J. Tay1or， and K. Stokbro， Phys. Rev. B 65， 165401 (2002) 
[3]http・//www.cybemet.co.jp/nanotech!atomistix/. see a1so http://www.atomistix.com 
[4 ]M. Paulsson and M. BrandbygeラPhys.Rev. B 76， 115117 (2007) 
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In 1996， Weidinger and co-workers reported the first synthesis and characterization of 
N@C60・1The nitrogen atom encapsulated in C60 is neutral and locates at the center of the 
cage without the chemical bonding to the cage. EPR and ENDOR spectra show that the 
nitrogen atom keeps the atomic ground-state configuration (three electrons in the 2p 
shell， 4S3/2)Y The complete decoupling of the endohedral spin from the cage causes the 
exceptionally long spin dechoherence time， even at room temperature in the solid state. 
Based on these specific properties， N@C60 has been proposed as the building blocks for 
logical gates in quantum computing devices.4，5 However， despite the attractive material， 
N@C60 has not yet been fully investigated because of the difficulties in preparation and 
purification of a large amount of the materiaL叩
We herein report HPLC purification and photophysical properties of N@C60・The
multi同steprecyc1ing HPLC leads to 100% pure N@C60 from a crude mixture consisting 
mostly of empty C60・Theproperties of N@C60 have been investigated through 13C NMR 
spectroscopy， UV-visible absorption spectroscopy ant triplet state kinetics by laser flash 
photolysis experiments. 
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(2) Pietzak， B.; Waiblinger， M.; Almeida， T. M.; Weidinger， A.; Hohne， M.; Dietel， 
E.; Hirsch， A. Chem. Phys. Lett. 1997，279，259. 
(3) Weidinger， A.; Waiblinger， M.; Pietzak， B. Murphy， T. A. Appl. Phys. A 1998，66， 
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Phys.2003，5，4080. 
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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 ofN@C60 with high yield and high purity has 
not yet been realized. Although N@C60 has been produced by several plasma methodsラthe

purity ofN@C60 is extremely low (N@C60/C60 = 10-
3 
-10-2 %). The purpose ofthis research 

is to elucidate a formation mechanism ofN@C60 in order to improve the purity. We reported 

that the high purity of 0.02 -0.05 % was achieved using an electron beam superimposed RF 

discharge plasma and that it was yielded by increasing atomic nitrogen species density in the 
nitrogen plasma [3]. 

The schematic of experimental apparatus is shown in Ref.4. The nitrogen plasma is 
generated by applying an RF power with a frequency of 13.56 MHz to a spiral-shaped RF 

antenna and controlled by the applied RF power Pf/.2ラanitrogen gas pressure PN2， a substrate 
potential Vsゅ anda potential 九ofa mesh grid (20 meshes/cm)， which is set up in the area 
between the RF antenna and the substrate. The upper side and lower side of the grid are 
defined as“plasma production area" and “process area"， respectively. The plasma potentials 
in the two areas are controlled by Vg， and a potential difference is formed between the areas. 
The potential difference produces an electron beam from the plasma production area to the 

process area and the electron beam dissociates nitrogen molecules. C60 is sublimated from an 

oven and deposited on the water-cooled cylindrica1 substrate. The nitrogen plasma is 

continuously irradiated to C60 on the substrate. The C60 compound including 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). 0.1 
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Figure 1 shows a dependence of the 
purity of N@C60 on PRF・Itis found th剖 the
purity of about 0.08 % is achieved under the 
condition that the applied RF power is more 
than 300 W. It is considered that the electron 
density in the plasma production area and the 
e1ectron beam density in the process area 
increase with increasing PRF・Thisincreased 

electron beam enhances the production of 

atomic nitrogen species in the process area， 
resulting in the improvement of the purity. 

Fig. 1: Dependence of the purity of N@C60 
on PRF. PN2 = 0.7 Pa，九ニ 100V， 
Vsub = 100 V. 

[1] M. Waiblinger et al.， Phys. Rev. B， 64， 159901 (2001). 
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[3] S.Nishigaki et al.， Abstract of the 33rd Ful/erene-Nanotubes General Synposium， 209 (2007). 
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Abstract: In this paper， we propose a possibility of detecting single-atomic layer of 

graphene by using high-speed highly charged Ar ion. We have applied the molecular 

dynamics simulation [1] coupled with the time-dependent density白nctionaltheory [2] 

for an Ar7+ ion which is passing through a graphene sheet with high kinetic energies. 

When the kinetic energy of the Ar7
十

ionreached 500 KeV at the moment of passing 

through a graphene sheet， 

electronic excitation occurs 

inside Ar7+ ion in addition to the 

charge transfer. Because of the 

excitation， the penetrated Ar ion 

can emit lights in an energy 

range 丘omextreme violet to soft 

X-ray which was also reported 

similar experiment using a 

carbon foil [3]. 

0.617fs 1.053fs 1.416fs 1.634fs 1.851 fs 2.141 fs 

According to the charge density Fig. 1 Charge contour map of Ar7+ passing through 

profile around Ar ion (Fig. 1)， the a graphene sheet. 

osci11ation of electron cloud can 

bee seen after passing through a graphene sheet. This picture suggests the intra-ion 

excitation. This work is supported by the Next Generation Supercomputer Project ofthe 

Ministry of Education， Cul印re，Sports， Science and Technology (MEXT) Japan. 
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Ferritin is an iron storage protein， which is consisted of protein shell and ferrihydrite 

phosphate nanoparticle. The inner and outer diameters of protein shell are ca. 8 and 12 nm， 

respectively. This protein is a potential candidate for protein engineering of nanomaterial 

synthesis. In this study， carbonization ferritin was prepared by heat-treatment under a 

hydrogen gas atmosphere. 

Ferritin was immobilized onto 3・・aminopropyl仕imethoxysilane-modifiedsilicon surface 

(3-APMS/Si). Carbonized ferritin was prepared by heat-treatment for ferritin on 3-APMS/Si 

at 200， 400 and 600 oC for 60 min under H2 gas. 

After heat-treatment at 400 and 600 oC， the treated ferritin showed graphite structure by 

Raman spectroscopic measurements. The results indicated that protein shell was carbonized 

well. On the other hand， after heat-treatment at 200 oC， graphite structure was not confirmed. 

Fig. 1 shows tapping-mode AFM image of carbonized ferritin at 400 oC. The size of each 

carbonization ferritin was evaluated to be approximately 5 nm in diameter， which was similar 

size to the ferritin core size. Fig. 2 shows XPS spectra of ferritin after heat-treatment at 

400 oC. The XPS spectrum for heat-仕eatmentunder air gave an iron oxide peak around 711 

e V. On the other hand， heat-treatment under H2 gas did not give any peak corresponding to 

iron species. The result suggests that ferritin core was covered with the carbon film derived 

from protein shell. 

Fig. 1 Tapping-mode AFM image of ferritin after 
heat-treatment at 400 oC for 60 min under H2 gas 
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We performed laser ablation of graphite partic1es in organic solvents composed of carbon 
and chlorineラe.g.，tetrachloroethylene， and analyzed soluble molecules by high performance 
liquid chromatography. Among many kinds of molecules thus produced then detected by their 
uv absorption spectra， we found one exhibiting absorption spectra typical for linear-polyyne 
species. Figure 1 shows uv/vis absorption spectra of the molecule in hexane at room 
temperature. The observation of a single electronic transition， a band peaking at 445 nm 
which is accompanied by a few peaks due to a vibrational progression， is compatible with the 
characteristic features commonly observed for polyynes: a single dipole-allowed electronic 
transition of n:-n:* character (cf in the uv region of 227-316 nm for HC2nH of n=4・・・8in 
hexane) with a single vibrational progression for one of the stretching modes of the sp-carbon 
chain (cf ~2000 cm-1 for HC2nH). The similarity in overall appeぽancein the absorption 
spectra indicates that the carrier of the absorption features in Fig. 1 is a symmetric polyyne， 
XC2nX. Conceming the energy levels， however， some quantitative differences are noticeable. 
The transition energy (~2.8 eV) and the vibrational frequency (~1500 cm-1) are distinctly 
lower than those for HC2nH. Ifwe assume the substituents， X， being Cl atoms， the differences 
would be understood in terms of an electron-induction effect due to the end-capping chlorine 

atoms， by which the electronic structure and the potential curve thus its vibrational frequency 
should be modified. 
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Figure 1. Absorption spectra of molecules isolated from laser-ablated graphite in 
tetrachloroethylene (measurement performed in hexane at room temperature). 
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Raman spectroscopy is a powerful tool for the study of vibrational as well as electronic 

properties of molecules and solids， inc1uding fullerenes and nanotubes. Conjugated linear 
carbon molecules， po砂ynes，are also characterized by Raman spectroscopy [1，2]. The 
resonance enhancement of the Raman scattering intensity is advantageous for detection and 

useful for understanding of the spectral features. We here present theoretical analysis of the 

Raman scattering intensity for a selected polyyne， ClOH2 [2]. Our study inc1udes 1) 
experimental excitation curves of the Raman scattering intensity， 2) theoretical analysis of the 
Franck-Condon overlaps between the excited and the ground states， and 3) a fitting for the 
excitation curves in terms of the resonance effects. The analysis for polyyne ClOH2 provides 

us with valuable insights into vibrational as well as electronic properties for polyatomic 

molecular systems with a linear symmetry. 

Figure 1 shows typical Raman spectra of C1oH2 in hexane. The band at 2123 cm-
1 
is 

attributed to a single-quantum excitation of the symmetric-stretching vibrational mode， V3σg， 
of the carbon chain. The Raman scattering intensity for this mode is increased upon resonance 

excitation of the dipole-allowed electronic transition， 1 Lu +←lLg+， in the uv. Figure 2 shows the 
experimental excitation function of the Raman scattering intensity and the absorption spectra 

for comparison. Detailed analysis of the excitation profile will be discussed. 

References: 

1) H. Tabata， M. Fujii， S. Hayashi， T. Doi， T. Wakabayashi，“Raman and surface-enhanced Raman scattering of 

a series of size幽separatedpo1yynes"， Carbon 44， 3168-3176 (2006). 

2) T. Wakabayashi， H. Tabata， T. Doi， H. Nagayama， K. Okuda， R. Umeda， 1. Hisaki， M. Sonoda， Y. Tob巴， T. 

Minematsu， K. Hashimoto， S. Hayashi，“Resonance Raman spectra of po1yyne mo1ecu1es ClOH2 and C12H2"， 

Chem. Phys， Lett. 433，296-300 (2007). 
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Since the astronomical observation of cyanopolyynes， H(C三C)nC三N，in the late ‘70s [1]， 
there have been a number of reports on spectroscopic investigations for the linear carbon 
molecules both in the laboratory and in space， mostly by rotational spectroscopy in the 
radio-frequency ranges. Interests in the optical and electronic properties due to conjugated 

n-electron systems have emerged recently， especially after the production by laser ablation. 
In this workラweproduced mi11igram quantities of 
cyanopolyynes by laser ablation of graphite particles 
in acetonitrile. They were separated by using high 
performance liquid chromatography (HPLC) and 
detected by uv-abso中tionspectra. For the studies of 
the molecular structure and the formation mechanism， 
13C-nmr spectra were recorded by using 13C-enriched 

graphite powders as starting materials. 
Figure 1 shows uv absorption spectra of HC9N， 
HCl1NラandHC13N in acetonitrile at room temperature. 
A rich structure in the spectra is attributed to two 
vibrational progressions， one for the dipole-allowed 
electronic transition in shorter wavelengths and the 
other for the forbidden electronic transition in longer 
wavelengths. In contrast to the case for the symmetric 
polyynes， e.g.， HC2nH or NC2nN， the absorption 
intensity for the latter progression relative to the 
former one is two orders of magnitude higher for the 
asymmetric polyynes ofHC2n+1N. 

Reference: 
1) H.W. Kroto， C. Kirby， D.R.M. Walton， L.W. Avery， N.W. 
Broten， J.M. Macleod， T. Oka， Astrophys. J 219， L133 

(1978). 
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Dicyanoacetylenes constitute a homologous series 
of end-capped linear平 carbon.Hirsch et al. produced 
the series of molecules， N三C(C三C)nC三Nof n=3-8ラby
vaporization of graphite under Kratschmer-Huffman 
conditions in the presence of cyanogen (CNh and 
characterized by uv-absorption and 13C-nmr spectra [1]. 

In the present workラ weapplied laser ablation of 
graphite particles in liquids to form dicyanopolyynes. In 
acetonitrile， CH3CN， the yield ofthe molecules was less 
than the series of monocyanopolyynes， H(C三C)nC三N.
Therefore， for the pu中oseof increasing the relative 
yield of dicyanopolyynes， we performed laser ablation 
of graphite particles under hydrogen-free conditions， 
i.e.， in liquid nitrogen. 
Graphite powders were dispersed in liquid nitrogen 
and ablated by laser pulses (Nd:YAG 532 nm ~O.2 

J/pulse， 10Hz) for 3 hours. The molecules were 
extracted with acetonitrile. After filtration， we got 
brown-colored solutions. The chemical species in the 
solutions were detected by uv absorption spectra upon 
chromatographic separations. 
Figure 1 shows uv absorption spectra of 
dicyanopolyynes (n=2-6) in acetonitrile. The absorption 
wavelengths systematically shift with the molecular 
size. The vibrational progression with separations of 
~2000 cm-1 is characteristic of symmetric stretching 
vibration of the sp carbon chain. These molecules found 
to be unstable in solutions at room temperatures. For 
the study for polymerization， decay curves of the uv 
absorption intensity were measured for size-separated 
dicyanopolyyne molecules in solution. 
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The 1 ，3-dipolar cyc1oaddition reaction of various diazoalkanes with C60 is well known to 

give the [6，6]closed methanofullerenes 1 and the [5，6]open白lleroids2 via the nitrogen 

evolution企omthe primary adducts pyrazolines.1 Like the pristine C60， these two types of 

fullerene derivatives also exhibit the thermally allowed [π28 +π48] cyc1oadditions such as 

Diels-Alder (DA) reaction.2 However， a detailed kinetic study of these fullerene derivatives 

with 1，3-dienes has not been hitherto carried out. Hence， in the present work on the DA 

reactions of variously substituted 1，3-dienes with 1 and 2 bearing various R and R' 

substituents at 300C in to1uene， we have investigated the factors controlling the reactivity in 

comparison with the reactions with C60・

It was found that the fulleroids 2 were 1.1 -165 times more reactive than the 

methanofullerenes 1 for all the 1，3-dienes tested. The relative rate constants with respect to 

the DA reaction with C60 were strongly dependent on the steric nature of the 1，3-dienes as 

well as the substituents R and R' at the methano-bridged carbon atom. These steric effects will 

be discussed in terms of the difference in the Diels-Alder reaction site of these fullerene 

derivatives. 
R R. .R' 

k2 
C60 + Dienes a-f -一一一一一一"

1a-g 

R 

a: H 
b : Cyclopropyl 
c目 Ph
d: OMe 
e: COOMe 
f: CI 

g: CN 

2a-d 
R 

a: H 
b: CN 
c目 Ph
d目 Ph

R' 

H 

H 

H 

Ph 

a cyclopentadiene 
b 9・methylanthracene
c 2開methyl-1，3・pentadiene
d 2，3・dimethyl-1，3・butadiene
e 1，3・cyclohexadiene
f isoprene 

[1] Suzuki， T.; Khemani， K. c.; A1marsson， O. Science 1991， 254， 1186-1188. 
[2] Pang， L. S. K.; Wi1son， M. A. J. Phys. Chem. 1993，97，6761-6763. 
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Water-soluble fullerenes are known to behave as potent scavengers for reactive oxygen 

species (RuS) in cell cultures and can protect human skin keratinocytes from UV irradiation 

and chemical oxidative damage by tert-butyl hydroperoxide [1，2]. Recently， we first evaluated 

the antioxidant activity of some water-soluble fullerenes such as y-cyc1odextrin-bicapped 

[60]fullerene (y-CD/C60) and polyvinylpyrrolidone-entrapped [60]fullerene (PVP/C60) by 

βcarotene bleaching assay and found the good inhibitory effects on the oxidative 

discoloration of s-carotene associated with the spontaneous autoxidation oflinoleic acid [3]. 
In the present study， we investigated the antioxidant activity of water-soluble 

[60]fullerene derivatives such as epoxides， methano白llerenesラ andfulleroid， in comparison 

with some natural antioxidants. We found that the PVP/C60U and PVP/C60Un showed higher 

antioxidant activity (%AOA) than PVP/C60 and some natural antioxidants. 
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PVP/C70 

PVP/C600 

PVP/C600n 
catechin 

isoflavone 

coenzyme QlO 
quercetin 

curcumln 
APPS 

αーlipoicacid 隊総額

O 20 40 60 80 100 

%AOA 

Fig.l Antioxidant activity (%AOA) ofvarious antioxidants assayed by βcarotene bleaching method. 

[1] L. Xiao， H. Takada， K. Maeda， M. Haramoto and N. Miwa， Biomed. Pharmacother. 2005， 59， 351~358 
[2] L. Xiao， H. Takada， X. H. Gan and N. Miwa， Bioorg. Med. Chem. Lett. 2006， 16， 1590~ 1595. 
[3] H. Takada， K. Kokubo， K. Matsubayashi and T. Oshima， BiosCI. Biotechnol. Biochem. 2006， 70， 3088~3093. 
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Photocurrent conversion system is one of the most important issues and many 

efforts have been devoted to create more efficient and useful devices. Ful1erene is one of 

promising materials for the pu中osebecause of its special electrochemical propertiesラ

such as multiple redox events. Especial1y， [70]白l1ereneshows a high performance of 

optical and electrochemical properties. Previously， we have reported the synthesis and 

characterizations of tri-adducts of fullerenes and their metal complexes.1 They show a 

long-wavelength absorption (> 650 nm) and reversible multiple redox based on the 

fullerene and metal moieties. It should be noted that if these unique materials can be 

immobilized on an electrode surfaceラmanyintriguing devices should be created. 

We will report preparation method of self-assembled monolayers (SAMs) consisting 

[70]ful1erene derivatives on the indium tin oxide (ITO) electrodes (Fig. 1) and their 

photoelectrochemical properties. Furthermore， we will propose a unique application of 

these fullerene derivatives. 

c c02H HOFfVicOEH H02C 
02H CO，H C02H 

ITO 

Fig.l. Image of the film preparation on an indium tin oxide (ITO) electrode 

[1] a) E. Nakamura， et al. J. Mater. Chem. 2002， 12，2109. b) E. Nakamura， et al. J. Am. Chem. Soc. 2002， 

124，9354. 
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γ15 -Fullerene metal complexes have been energetically studied in our group and a 
variety of organometallic compounds， both half-sandwich type and sandwich typeラhavebeen 
reported [1]. However， 115 -fullerene cobalt complexes were not reported yet. 
This time， we report the synthesis and property of an 115 -fullerene cobalt complex 3， a 

new c1ass of half-sandwich type fullerene metal complexes. Cobalt dithiolene complexes are 
known to have unusual electronic structu児島 whichis comprised of a metallacyc1ic 
conjugation of 6 n-electrons in the 5-membered ring with charge transfer from p-orbital of the 
sulfer atom to the ιorbital of the coba1t atom. These unique conjugation systems give 
interesting chemical and physical propertiesラ suchas redox and absorption properties. In 

addition to those unusual electronic structures， the 115 -fullerene cobalt complex 3 has a 
fullerene moietyラ whichhas an electron-withdrawing character. The n-electron systems 
between upper cyc10pentadienyl and lower hemispherical substructures are partly overlapped 
through an endohedral homoconjugation. 

To a solution of KC60(biph)5 in THF was added an excess amount of a mixture of h and 

CO2(CO)8 in THF to give a cobalt dicarbonyl complex 2 in 49% isolated yield. The dicarbonyl 
complex 2 was heated at 110 oC with excess amounts of elemental sulfur and an electron 
deficient alkyne to afford a cobalt dithiolene complex 3 in 83% isolated yield. The dithiolene 
complex 3 was characterized by UV-vis spectrum and cyclic voltammetry. 

Me02CHC02Me 

S. .S 
Ar， Co Ar 
Ar，ノスζ塁手久Ar

Ar = biphenyl 
∞一地

S8 (excess) 
Me02C一三三子一C02Me(excess) 

~ 

1) KH 
2) [Col(CObb 

THF， 50 oC，15 min toluene， 110 oC， 15 h 

1 2 3 

[1] (a) M. SawamuraラY.Kuninobu， M. Toganoh， Y. Matsuo， M. Yamanaka， and E. Nakamura， J. Am. Chem 

Soc.， 2002，124，9354. (b) Y. Matsuo and E. Nakamura， Organometallics， 2003，22，2554. (c) Y. Kuninobu， Y. 

Matsuo， M. Toganoh， M. Sawamura， and E. Nakamura， Organometallics， 2004， 23， 3259. (d) Y. Matsuo， A. 

Iwashita， and E. Nakamura， Organometallics， 2005， 24ラ89.(e) Y. Matsuo， K. Tahara， and E. Nakamura， J. Am. 

Chem. Soc.， 2006，128，7154 
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Elucidation of the regiochemistry in chemical modification of fullerene and fullerene 

derivatives has been one of the most significant subjects from both the mechanistic and the 

synthetic viewpoints. In 1991， Olah first reported a multiple hydroarylation of [60]fullerene 

catalyzed by AICh without isolation of any adduct [1]. After 15 years， Nakamura's and our 

groups have independently isolated some these hydroarylation adducts and determined the 

structure and regiochemistry [2]. The regioselectively formed mono-or bisarylated adducts 

are of quite interest in a further chemical modification. In this study， we investigated the 

AICh-catalyzed Friedel-Crafts acetylation of mono-hydroarylated fullerene adducts. 

The reaction of C60 with various aromatic compounds (substituted benzenes， biphenyl， 

and naphthalene) in the presence of AICh was terminated at the appropriate conversion in 

order to attain a higher yield of monoadduct. Subsequently， the acetylation of the 

pre-introduced aromatic rings with an excess amount of acetyl chloride was carried out to 

give the expected products along with some other products depending on the aryl rings. These 

results indicated that the fullerene cage behaves as a bulky electron withdrawing substituent. 

C60 +く。
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o-C12C6H4 
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Scheme 1. AIC13-catalyzed Friedel-Crafts fullerenation ofnaphthalene and subsequent acetylation. 

[1] OlahラG.A.; Bucsi， I.; Lambert， C.; AniszfeldラR.;Trivedi， N. J.; Sensharma， D. K.; Pr・akash，G. K. S. J. 

Am. Chem. Soc. 1991， 113，9387. 
[2] (a) Iwashita， A.; Matsuo， Y.; Nakamura， E. Angのv.Chem. Int. Ed. 2007，46，3513. (b) Tochika， S.; Kato， 

M.; Kuang， C.; Kokubo， K.; Oshima， T. The 3Ft Fullerene-lv切10tubesGeneral砂mposium2006， 1P-4. 
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Bilayer rnernbranes rnade of phospholipids are the fundarnental structure in biology 

in that the rnernbrane physically holds the biological rnachinery while keeping perrneability to 

water at arnbient ternperature. Perrneability of the rnernbrane to water has therefore drawn 

rnuch interest of scientists in various fields. 
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F匂ure1. (A) A bilayer vesicle made of amphiphilic fullerene 1-7. (8) Thermodynamics and a schematic view of 
water permeation through fullerene bilayer made of 1 

In the present study， we found that a fullerene bilayer vesicle forrned frorn 

arnphiphilic fullereneラPhSC60K(1)， has extrernely low perrneability to water. The fullerene 

bilayer recorded perrneability coefficient of 5.43 x 10-7 rnJs (20 OC) which was 10000~ 100 

tirnes srnaller than cornrnon lipid bilayers. The extrernely low perrneability originates frorn 

the entropy-controlled process in the water perrneation rnechanisrn.1 

In addition， the surface of fullerene bilayer vesicles could be functionalized by 

introducing substituents on the periphery of the arnphiphilic fullerenes (2-7). The study of 

water perrneability of the fullerene rnernbranes showed that the water perrneability to 

fullerene bilayers could be con仕olledby changing the length of alkyl chains or the polarity of 

substituents attached on the vesicle surface. 

t Present address: Department ofChemistry， Tohoku University， Aoba-ku， Sendai 980-8578， Japan 
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Fullerenes are known to act as very strong photosensitizing agents due to their unique 

photophysical properties. For instance， C60 efficiently generate singlet oxygen (102) under UV 

irradiation because the triplet energy of C60 locates at about 1.6 eV which is approximately 

0.7 eV higher than the 102 energy. The ability to produce 102 has been responsible for many 

biological actions of fullerenes such as DNA-cleavage and cell国toxicity.However， the 

quantitative evaluations of the singlet oxygen generation efficiencies of白llereneshave so far 

been limited.
1 

In this study， we have sωolub副iliz白zed白白11則llerenesinto water using gamma-cyclod白ex剖t佐凶rdiInd 1子2and 

poly(vinylpyr汀rilidone)，ラ andestimated their 102 generation efficiencies by detecting the 

near-infrared 102 emlsslOn at ~ 1275 nm. The obtained emission intensities were directly 

compared with those of typical photosensitizers (rose bengal and methylene blue) under the 

same experimental conditions. Furthermore， we also investigated the photo-induced 

cytotoxicity of the water-soluble fullerenes by WST-1 assay using rat fibroblast cell line 

(5RP7). We have compared with the results and assessed consistency ofthem. 

[1] Nagano，T.; Arakane，K.; R戸1，A.;Masunaga，T.; Shinmoto，K.; MashikoラS.;Hirobe，M. Chem. Pharm. Bull. 42， 

2291(1994). 

[2] Komatsu，K.;町iwara，K.;Murata，Y.; Braum，T; J. Chem. Perkin Tra附• 1 2963(1999). 
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The multiva1ent disp1ay of saccharides is an important princip1e of mo1ecu1ar 

recognition in bio10gica1 systems， and a number of tai10r四made1igands for natura1 protein 

receptors have been synthesized. Among various 10w mo1ecu1ar weight disp1aysラ

glycoconjugates possessing a number of carbohydrate units show promising phenomena of 

interaction with some important protein receptors. Here， we report the successfu1 app1ication 

of Cu-cata1yzed Huisgen cyc1oaddition to the efficient and quick synthesis of fullerene 

glycoconjugates bearing as many as fifteen sugar moieties possessing a C5 symmetric 

framework [1]. 

The synthetic strategy of the five-fo1d Cu-cata1yzed Huisgen cycloaddition approach 

is shown in Scheme 1. Penta-a1kyny1 fullerene 1 was treated with oligosaccharides， which 

bear a tether terminated with an azide group， in the presence of copper bromide and 

diisopropy1ethy1amine in DMSO at 40 oC for 3 days. The reaction was so clean that the target 

mo1ecules 2 were obtained in high yie1d and purity after washing excess azide and copper 

salts away. Compounds 2a and 2b are among the most dense1y functiona1ized organic 

molecules prepared using Cu-catalyzed Huisgen cycloaddition， and this new methodology 

provides a powerful strategy for multivalent saccharide displays. 
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The low-pressure growth1，2) of single-wall carbon nanotubes (S¥¥明Ts)is a key 

technology in fabricating SWNT -based nanodevices， such as hybrids devices with a 
two-dimensional GaAs/AIGaAs system久 Thisis because it is possible to grow them at 
temperatures as low as 350 oC in the low-pressure ofO.1-1 Pa.1) In this paper， we report 
on the growth characteristic of the growth of SWNTs by the chemical vapor deposition 
(CVD) in the low-pressure of2 x 10-3 Pa using in-situ catalyst deposition. 
The low-pressure growth was preformed with the ethanol gas of 2x10-~ Pa after the 
in-situ catalyst deposition (Co，0.1 nm) in ultra-high vacuum (UHV). The detail 
processes are described in the reference.4) Raman spectroscopy with an excitation 
wavelength of 514.5 nm was carried out to characterize the grown SWNTs. 
Figure 1 shows the Raman spectra of the radial breathing mode (RBM， the left panel) 
and the high energy mode (HEM， the right panel) for samples grown at different 
temperatures. The growth time was 1000 min for 380 oC and 350 oC， and 3000 min for 
340 oC. For 380 oC， it is clearly seen that the there is a peak at 270 cm-1 in the RBM 
region， and the peak at G-Band (~1590 cm-1) splits into two with one at 1550 cm-1 (G-) 
and the other at 1590 cm-1 (G+). These observations confirm the growth of SWNTs at 
380 oC. For 350 oCラ apeak in the RBM was not observed. In HEM， however， the 

splitting of the G聞bandpeak was observed at 1590 
514.5nm cm-1 and 1560 cm-1. Moreover， the Raman shift at 

1590 cm-1 was equal to that for 380 oC. These 

observations confirm also the growth of SWNTs 
at 350 oC. For 340 oC， a peak in RBM and the 
split in G-band were not observed. It means that 
SWNTs growth may not occur at 340 oC. 
From these results， it was found that the 
low-pressure CVD of 2 x 10-3 Pa with the in-situ 

catalyst deposition in UHV can grow SWNTs at 
the temperature as low as 350 oC. 
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References:l) M.Contoro etal.， Nano Le抗.，6，(2006)1107. 2) T.Shiokawa etal.， Jpn.J. Appl.Phys.， 
45(2006)L605. 3) T.Tsukamoto et al.， J.Appl.Phys. 98， (2005) 076106. 4) H.Yoshida et al.， presented at 
Ext. Abstr. (The 54th Spring Meeting，JSAP，2007)， 27a-ZR-3 (in Japanese). 
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350 

(a) Before CVD 

012345678910 
Nanopartic1e Diameter (nm) 

Fig， 2 Diameter distributions of (a) 
Co catalyst nanoparticles before 
CVD and (b-d) active Co catalyst 
nanoparticles obtained under ethanol 
gas pressures of 80， 100， and 120 Pa， 
respectively. 

ln-situ Raman observation is very usefu1 for investigating the growth mechanism of 
sing1e-walled carbon nanotubes (SWCNTs) [1]. At the 1ast meeting， we reported kinetic 
ana1yses of the time evo1ution of chira1ity-sensitive radia1 breathing mode (RBM) signa1s 

observed in in-situ Raman spectra during CVD growth [2]. Using Co-ferritin as a cata1yst， we 
can ru1e out the effects of diffusion and aggregation of 1000 
cata1yst nanopartic1es on SWCNT growthラ which is 
significant1y seen for thin fi1m cata1yst. In this work， we 
investigated the growth pressure-dependent behavior of 

CVD growth using Co-ferritin catalyst by in-situ Raman 
spectroscopy and AFM. 

ln-situ Raman spectra were obtained with a μ-Raman 
system (633-nm excitation wave1ength) combined with an 
ethano1-CVD system. Co-ferritin cata1ysts were prepared on 
a Si02 substrate [3]. The CVD was performed at 720 oC 

under the ethano1 gas pressures of 80， 100， and 120 Pa. AFM 
observation was performed after the CVD growth. 

Figure 1 shows growth duration T for each RBM peakラ
obtained by a kinetic ana1ysis of the time evo1ution of the RBM 

intensity in in-situ Raman spectra. It is found that the T of 
specific RB孔1peaks for 100 Pa is significant1y 1arge. Figure 2 

shows diameter distributions of Co cata1yst nanopartic1es before 
CVD and those of active Co cata1yst nanopartic1es (nanopartic1es 
with SWCNTs) obtained at different ethano1 gas pressures. The 

average diameter of active Co cata1yst nanopartic1es is 1arger 
than that of Co nanopartic1es before CVD. For 100 Pa， the Co 
cata1yst nanopartic1es with a diameter of about 3 nm are 
effective for SWCNT growth. In addition， 10nger SWCNTs are 
grown from the 3 nm nanopartic1es for 100 Pa. These results 
suggest that Co cata1yst nanopartic1es with a specific diameter 
extend the growth duration. This work was part1y supported by 
JSPS Grant-in Aid for Scientific Research (B). 
[1] S. Chiashi et al.， CPL 386 (2004) 89. 

[2] T. Uchida et al.， 33r・dF&NT General Symposium 2007，1-15. 

[3] G. -H. Jeong et al.， JACS 127 (2005) 8328. 
Corresponding Author: Takashi Uchida 
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Vapor Deposition 
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Department 01 Quantum Engineering.， Nagoya Universi肌Furo-cho，
Nagoyα464-8603， Japan 

Carbon nanotubes (CNTs) were synthesized by chernical vapor deposition (CVD) 

using an ethanol gas in ultrahigh vacuurn charnber， and the growth process of CNTs was 
in-situ investigated by reflection high-energy electron diffraction (RHEED). Cobalt (Co) filrns 
of lnrn thickness were used as catalyst for the growth of CNTs. The filrns were prepared on a 

silicon substrate coated with silica filrns by high-vacuurn electron bearn deposition. A base 

pressure of 5 x 10-6 Pa was kept before CVD in order to rninirnize the effect of the residual 

gas on the CNT growth. The substrate was heated at 800 Oc in a pressure of 1 x 10L Pa for 2 
hours during CVD. The rnorphology of CNTs was observed by scanning electron rnicroscopy 
(SEM). 

Figure l(a) shows an ED p剖temfrorn the Co/Si02/Si substrate before CVD. Figures 

1 (b) and 1 ( c) show ED pattems企ornthe substrate after 1 hour CVD and 2 hour CVD， 

respectively. Figures 2(a)-2(c) show SEM irnages corresponding to Figs. l(a)-I(c). The 

as-deposited Co filrn is cornposed of Co islands with diarneter srnaller than 10 nrn， as seen in 
Fig. 2(a). The Co islands have a face-centered cubic structure， as indexed in Fig.l (a). After 

CVD for 1 hour， Debye rings with d-spacings of ca. 0.2 and 0.3 nrn， corresponding to the 100 
and 00 2 refractions frorn graphite， appear， as shown in Fig. 1 (b). In Fig. 2(b)ラCNTswith an 
average diarneter of 8 nrn is observed. After CVD for 2 hours， the average diarneter of CNTs 

increases up to 10 nrn， as shown in Fig. 2( c). 

Fig.1 ED pattems taken from the substrate surface (a) as幽deposited，(b) after1 hour・and(c) for 2 

hours. The substrate is heated at 800 oC during CVD. 

Fig.2 (a) -( c) SEM images of corresponding to Figs. 1(a)-1( c)， respectivelテ
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Single-Wal1 Carbon Nanotubes (SWNTs) are metals or semiconductors strongly 

depending on their diameter and chirality. For applying SWNTs to the nanoscale electronic 

devicesラthediameter， the alignment and the chirality should be controlled. The diameter 

might be determined by the size ofthe catalysts， and the in-plane alignment was also reported 

in growth on sapphire or in“fast-heating" chemical vapor deposition (CVD) process and so 

on[1，2]. We propose a novel technique to control the chirality using free electron laser (FEL) 

irradiation. 

As the first step ofthe chirality controlうcarbonnanotubes (CNTs) were grown on 

quartz substrates with dipped (Fe， Co) Mo catalysts. The quartz substrates were soaked for 

one min in HF solution and then ultrasonically cleaned for 10 min in Semico clean 23 

(Furuuchi Chemical Corp.). The substrate was dipped in methanol dissolving Fe and Mo with 

the molar ratio of94:6 using Fe(N03)3・9H2uand MOU2( acac)z. The dipping speed was 600 

μmls. Dipped substrate was annealed for five min at 450 oc. The CNTs were grown using 
thermal chemical vapor deposition method with C2H4 feeding gas. 

From the result ofthe Raman spectrum， the G-and D-bands were clearly observed 

at 1350cm -1 and 1590cm四 1，however the radial breathing mode was not confirmed. Figure 1 

(scale: 3μm) 

Fig.l SEM image 

of the specimen 

shows the scanning electron microscopy (SEM) image ofthe 

specimen. Wires with 20 nm in diameter randomly grew all 

over on substrate. Those results indicated that the CNTs with 

20 nm in diameter were produced. The growth of CNTs with 

CoMo catalyst， and growth using alcohol catal戸icchemical 

vapor deposition(ACCVD) will be discussed. 

References: 

[1] Hiroki Ago et al.， Chem. Phys. Lett.， 421 (2006) 399. 

[2] S. M. Huang et al.， Nano Lett.， 4 (2004) 6. 
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Recently， Amold et al. have reported a new separation method of metallic and 
semiconducting single-wall carbon nanotubes (SWCNTs) by using a density-gradient 
ultracentrifugation.[l] Although they have succeeded high-quality separ剖ionof 
SWCNTs， no one has tried to separate the double-wall carbon nanotubes (DWCNTs) to 
date. Here we report the preliminary results of the separation of DWCNTs. In the case 
of SWCNT， the difference in the electronic types of the nanotube wall is thought to 
cause the difference in the micelle density in the mixed surfactant system. On the other 
hand， the formation of the micelle for DWCNTs is expected to be modified by the inner 
shell. One possible modification is the additional sorting by the electronic type of inner 
shell and the other possibility is the sorting by the degree of the interaction between 
inner and outer shell. 
DWCNTs used in this work were synthesized by the ethanol-CVD method by using 
Fe/MgO catalysts. After the isolation process， DWCNT dispersion was separated into 9 
合actionsby the density-gradient ultracentri白gation.The diameter distribution of inner 
and outer shell for each fraction was characterized using optical absorption， Raman， and 
photoluminescence (PL) spectroscopy. 
Figure 1 shows Raman spec仕aof each fraction and the starting material. Radial 
breathing mode peaks observed between 200 and 400 cm-1 could be attributed to the 
inner CNTs. The spectra clearly indicate that the lower density fraction contains smal1er 
diameter inner shell. The same 

tendency was also confirmed企omthe 1.14nm 0.76nm O.62nm 
PL spectra. Interestingly， optical 
absorption spectra (not shown) show 
that the lower density fraction contains 
larger diameter outer shell. This result 
strongly suggests an additional sorting 
by the distance between inner and outer 
shell of the DWCNTs. 

References: [1] M.S. Amo1d et al. Nat. 
Nanotechnol. 1， 60 (2006) 
Corresponding Author: H. Kataura 
E-maIl: h-kataurauVaist.只o.jo
Tel: +81-29-861-2551， Fax: +81-29-861-2786 
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Fig. 1. Raman spectra of the starting 
material and each 企actionafter sorting. 
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Rapid growth of single-walled carbon nanotubes (SWNTs) was realized by the 

water-assisted growth method [1]， and its growth kinetics was supposed as the exponential 

decay of the initial growth rate [2]. We reproduced such rapid growth by our combinatorial 

catalyst preparation method and proposed a novel mechanism of the growth rate enhancement 

by the Alz03 catalyst under1ayer [3， 4]. In this study， we show the growth rate and the catalyst 

lifetime determined by the in-si同 monitoringof growing SWNTs. 

The growth condition was 8.0 kPa C2H4， 27 kPa H2， 5.0 Pa H20ヲ67kPa Ar at 1093 K. 

Figure la shows the nanotubes growing on the combinatorial catalyst library [5] of 0.2・-3-nm

Fe on Alz03/Si02/Si， and Fig. 1 b shows the time profile of the SWNT thickness with 0.5 nm 

Fe. The nanotube forest grew up at an initial growth rate of 4.5μロvs，kept growing at that rate 

for 6 minutes， and then suddenly stopped growing. Kinetics can be more precisely determined 

by this in-situ monitoring method than the conventional batch experiments， because the 

catalytic growth of nanotubes is not so reproducible among different experimental runs. 

Figure 2 show the effect of temperature (a) and C2H4 pressure (b) on the growth rate 

and the catalyst lifetime at the Fe thickness of 1.0 nm. Both the higher temperature and C2H4 

pressure caused the higher growth rate. Higher temperature shortened the catalyst lifetime. On 

the other hand， the effect of C2H4 pressure for the lifetime was not significant. The under1ying 

mechanism will be discussed considering the reaction both in the gas phase and on the Alz03 

substrate and the structural change ofFe nanoparticles. 
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Fig. 1 (a) Photographs of growing CNTs. 
(b) Time profile of the growing CNTs 

Fig. 2 Growth rate and lifetime at different 
tempera旬res(a) and C2H4 pressures (b). 

[IJ K. Hata，巴tal.， Science， 306， 1362 (2004). [2J D. N. Futaba， et al.， Phys. Rev. Lett， 95，056104 (2005). [3J S. 

N oda， et al.，やn.J Appl. Phys.， 46， L399 (2007). [4] K. Hasegawa et al.， J Nanosci. Nanotech. in press. [5J S. 

Noda et al.， Carbon， 44， 1414 (2006). 
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Rapid growth of rnillirneter爾thickSWNT forests in a few rninutes was realized 

by water-assisted ethylene CVD [1] We previously reproduced such growth using 

C2H4/H2/H20/Ar reactant gas and Fe/Ab03 catalystラ andfound an essential role of 

Ab03 under layer [2]. In this work， we studied the effect of gas phase and substrate 

ternperatures separately， and found a crucial role of gas phase reaction in forrning 印刷al

precursor frorn ethylene. 

Figure 1 shows the experirnental apparatus used in this study. The reactant gas 

was once heated by flowing through an extemally-heated quartz tubeラcooleddown， and 

then fed to a resistively-heated graphite substrate on which the catalyst was supported. 

The typical condition was 60 Torr C2H4/ 200 Torr H2/ 0.076 Torr H20/ Ar for the 

reactant gas and 1 nrn Fe/ 20 nrn Ab03 for the catalyst. 

Figure 2 shows the side-view irnages of the graphite substrates after CVD at 

800 oC substrate ternpera印refor 10 rnin. Nanotubes did not grow efficiently at 

preheating ternperatures of 700 oC or below， but they grew efficiently to rnillirneter-

thickness at higher preheating ternperatures. CHEMKll、~ sirnulation showed the 

decornposition of C2H4 and forτnation of C2H2 in a residence tirne of a few seconds. 

Then， we rnixed 4 Torr C2H2 with 169 Torr H2/ 0.076 Torr H20/ Ar instead OfC2H4， and 

found that rnil1imeter-thick nanotube forests actual1y grew without preheating. C2H2 is 

the actual precursor for the rapid nanotube growth frorn C2H4 feedstock. 

Fig.1 Experimenta1 apparatus 

Fig.2Imag巴sof SWNT forests (a) no preheating， 

(b )preheating: 700 oc， (c )preheating: 850 oc 

[l]K. Hata， et al.， Science 306， 1362 (2004) [2]S. Noda， et al.， Jpn J. Appl. Phys. 46， L399 (2007) 
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For the industrial applications of carbon nanotubes (CNTs)ラ thedevelopment of a 
method for purification of CNTs is one of the important issues. We have proposed the use of 
amphiphilic peptides as a dispersant to purify CNTs. In this study， we designed and prepared 
some amphiphilic oligopeptides composed of Gly and Phe as the hydrophilic and hydrophobic 
residues， respectively， and examined the effects of their hydrophilic， hydrophobic， and ionic 
properties on the dispersion of CNTs in water by means of elemental analysis， Raman 
spectroscopyラ scanningelectron microscopy (SEM)， thermogravimetric analysis (TGA)， 
transmission electron microscopy (TEM)， and UV/Vis庁、URspectroscopy. 
The results of dispersion experiments showed that a pentapeptide， GlY3-Phe2-0Bzl 

(pep-2)， was useful for dispersion of SWNTs (Hipco). The CぺerminalBzl ester was found to 
be essential to the dispersion by UV/Vis庁、URspectroscopy. Upon addition of methanol to the 
SWNTs-dispersed solution using pep-2， nanotubes components came out in the solution and 
could be recovered by centrifugation. From the data of TG and elemental analyses， the 
content ofremaining pep-2 in recovered SWNTs was calculated to be 16 wt%. TEM images 
ofbundled SWNTs were observed. 
Moreover， we examined whether pep-2 could be used for purification of CNTs. A 

raw CNT material containing amorphous carbons and metallic catalysts was once dispersed in 
water and then recovered by addition of methanol. Comparison of SEM images of the raw and 
recovered CNTs showed disappearance of most of the amorphous carbons. Increase in area 
ratios of the Raman peaks (G/D) was observed after treatment with pep-2. On the other hand， 
results of TG and elemental analyses indicated that removal of the impurities was incomplete. 
In conc1usion， raw CNTs can be purified to some extent using pep-2 without damaging them. 

OdnyR 

Structure of amphiphilic oligopeptide pep-2. 
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We demonstrate synthesis of 7.4-mm long CNTs by dense catalyst particles obtained 

by adjusting thicknesses of sandwich-like catalyst films of Al/Fe/Al [1]. First， we 

investigated the effects of the film thickness of the top Al layer on the density of 

catalyst particles by annealing a substrate. When the Fe film was 0.5 nm in thickness， 

the densities of the catalyst particles measured 仕omthe SEM images were 

l.Ox1012cm-2 and 1.3xl012cm-2 for the top Al (0.5 nm) and the top Al (1.0 nm)， 

respectively. The thicker top Al layer suppressed the diffusion of Fe atoms on a 

substrate， resu1ting in the denser catalyst particles from the 1.0-nm-thick Allayer. CNTs 

were synthesized on Si substrates coated with the catalyst films mentioned above. A 

mixture of hydrogen and methane and a remote-plasma CVD apparatus [1] were used 

for the CNT growth. Figure 1 shows SEM images of CNTs grown at 690
0

C for 30 h 

and schematic of the growth mechanism. CNTs obtained from the thicker top Al layer 

were higher for the same growth time. It is speculated that the density of CNTs also 

became higher for the thicker Al due to the dense catalyst particles and that the denser 

CNTs tend to be straightened by supporting one another even after long-time growth 

(Fig. 1). In the straight CNT mat， the diffusion length of carbon radicals to the catalyst 

particles at the bottom of CNTs [2] should be shorten， resu1ting in the higher growth 

rate. 

topAI=1 nm 
Figurel. SEM images ofsuper-1ong CNTs and the growth model. 

[1] G. ZhongヲJpn.J. Appl. Phys.， 44， 1558 (2005). [2] T. Iwasaki， J. Phys. Chem. B， 109， 19556 (2005). 
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Carbon nanotubes (CNTs) are able to become the channel for the spin 

electronic devices because the spin of the electron is preserved over the long distance 

when the electron conducts in CNTs. The aim of our study is to apply CNTs to the 

spintronics with the ferromagnetic metals or alloys as catalysts. In addition to that， 

chirality control of the single wall carbon nanotubes (SWNTs) is expected irradiating 

free electron laser， the features of which are variable wave length and very short 

micro-pulse width less than 1 psヲduringCNTs growth. In this report， as a first step， 

the SWNTs were tried to grow by thermal chemical vapor deposition (TCVD) method 

with dipped σe， Co )Pt catalysts. 

The quartz substrate was ultrasonically c1eaned in acetone and ethanol， 

Semico-Clean23(Furuuchi Chemical Corporation)ラ andsoaked in HF and HCl mixed 

acid solution. The 0.05x10-4 mol of Fe and Pt or Co and Pt was distributed in 1 mol 

methanol. The sources were Fe(N03)3・・9H20，CO(N03)2-6H20， and Pt(acac)2・ The 

dipping speed was 60 or 600μm/s. The dipped specimens were annealed for 5 min at 

4500C. The TCVD was carried out for 5 min on the annealed substrate at 8000C and 

100 kPa withAr: H2: C2H4 = 200: 10 : 20 ccm. 

Figure l(a) shows the scanning electron microscope (SEM) image after TCVD 

with FePt catalyst and 600μm/s dipping speed. The diameter of CNTs was between 

20 and 40 nm. The Raman spectrum showed G-band peak. As shown in figure 1 (b) 

the SEM image showed the diameter of CNTs was between 15 and 30 nm. However 

(a) cataly総isFePt (b)Catalyst i事CoPt
Fig.l SEM'おお古g'章。f語diffi若草滋総einc紙調Iyst
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the area where CNTs grew 

was limited. It is 

expected that the wetting 

property between catalytic 

solution and substrate is an 

lmportant parameter. 
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Effect of flow rate of ethanol on growth dynamics ofVA-SWNT 
-Transition from no-flow CVD to normal ACCVD -

OJun Okawa， Rong Xiang and Shigeo Maruyama 

Department 01 Mechanical Engineering， The University 01おかo

7-3-1 Hongo， Bunkyo-ku，おかo113-8656， Japan 

Towards selective growth of SWNTs， it is important to know their growth mechanism. 

In previous studies， using optical absorbance technique， we have monitored the growth 

of vertically aligned single-walled carbon nanotubes (VA-S¥¥市Hs)[1] and obtained 

profi1es ofthe VA-SWNT thickness with respect to the growth time， which was analized 

by suggesting a growth model [2]. 

In this study， the flow rate of ethanol during the CVD was controlled precisely. Figure 

1 shows the growth curve of VA-SWNT film for various ethanol flow rates. In the 

figure，“No-flow“indicates that the supply of ethanol was stopped by sealing off the 

chamber during the reaction， when CVD was started. Normally， ACCVD is operated at 

flow rate of several hundred sccm. In that case， the growth rate of SWNT film decreases 

exponentially. On the other hand， for lower flow rate， the growth rate does not decrease 

with time and even increases in the case of 5sccm and 10sccm. However， after 

VA-SWNT film reaches certain thickness， the growth stops suddenly. The trend reflects 

the effect of ethanol decomposition in the growth mechanism of VA-SWNT using 

ACCVD method. 

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

[2]. E. Einarsson， Y. Murakami， M. Kadowaki and S. Maruyama， Carbon， (2008). 

Corresponding Author: Shigeo Maruyama E-mai1:!!1aruvam副l:V，ohoton.t.u-tokvo.ac.iQ，

Tel/Fax:十81-3-5800-6983
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Growth ofVery-Thin Single-Wall Carbon Nanotubes by Catalyst-supported 

Chemical Vapor Deposition Using Surface-Treated Zeolites 

o Keita Kobayashi 
1 ， Ryo Kitaura 1

ラ
andHisanori Shinohara 

1ヱ

lD々partmentof ChemistりJ，Nagoya Universit)ぅNagoya464-8062， Japan 

2Institute for Advanced Resωrch， Nagoya Universiry， and CREST/JST 

The catalyst剛supportedchemical vapor deposition (CCVD) by using nanometer-sized metal 

particles and porous catalyst supports such as zeolit巴shas been巴xtensiv巴lyinvestigated as a promising 

method for growth of single-wall carbon nanotubes (S¥¥尽..rTs)[1]. In the CCVD growth of SWNTsヲ

preparation of size-controlled metal catalyst nanoparticles is essential to realize diameter司controlledgrowth 

of SWNTs， in which the diameter of SWNTs depends primarily on the size of catalyst nanoparticles 

employed [2]. Ordered micropores of zeolites can provide us an ideal nano-space to prepare size-圃controlled

metal catalyst nanoparticles. However， metal nanoparticles prepared using zeolites usually possess broad 

size distribution because of the formation of aggregates on the outer surface of zeolites. Thus， the SWNTs 

produced by the CCVD method have a large diameter distribution. Therefore， it is important to remove 

metal aggregates on the surface of zeolites for a diameter-controlled growth of SWNTs by CCVD. Here， we 

report S¥¥尽Hsgrowth by CCVD using the zeolite which supports metal nanoparticles only within the 

mlcropores. 

A zeolite supporting Rh or Co was prepared by H2 reduction of the zeolites incorporating 

chlorides at 773 K Figure l(a) shows a transmission electron microscopy (TEM) image of zeolite 

supporting Rh particles; The image shows many Rh particles aggregating on the surface. The zeolites 

supporting Rh or Co were refluxed at 353 K for 2 h with acetonitrile solution of Br2， and 

tetraethylammoniumbromide (TEAB) was 

used to remove the aggregates. Sinceラ the

molecular size of TEAB is larger than the 

diameter of the pore， the agent can remove 

only metals aggregating on the surface. Figure 

l(b) shows zeolites supporting Rh， whose Fig.l TEM image of zeolites supporting Rh (a) and 

surface was similarly treated The image surface-treated the zeolites (b) 

indicates that no Rh aggregate exists on the 

surface. The CCVD was carried out at 

973-1173 K for 1か60s under an Ar gas flow. 

Figure2 show SWNTs synthesize from Zeolite 

supporting Co. The SWNTs have diameter of 

~0.75 nm corresponding size ofthe micropore. 

Fig.2 TEM image of SWNTs synthesize from 

[1] A. Okamoto et al.， Mol. Cη'st. Liq. Cryst.， zeolite supporting Co 
387， 93 (2002). 

[2] F. Ding et al.， J. Chem. Phys.， 121，2775 (2004). 

[3] A. Obuchi et al.， Japan patent， P3049317 (2000). 

Corresponding Author : Hisanori Shinohara 

TEL: +81-52-789-2482， FAX:+81-52-789-1169， E-mail: noris@cc.nagoya-u.ac.j 
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Quantum response of carbon nanotube quantum dots 

to teraherz (THz) wave 

oSeiko Toyokawa1ぺTomokoFuse
1
， Yukio Kawano1， Tomohiro Yamaguchi1， 

and Koji Ihibashi 1，3 

lAdvαnced Device Lαboratoη，RIKEN， Wako， Saitama 351-0198， Japan 

2D々partmentof Physics，おかoUniversity ofScience， Shinjuku， Tokyo 162-8601， Japan， 

3CREST， JST， Kawaguchi， Saitama 332-0012， ~αrpan 

Single-wall carbon nanotubes (SWNTs) are attractive building blocks for quantum-dot 
based nanodevices1) because they have a very small diameter and an enough length to 
access with conventional electron beam 1ithography. Single quantum dots (QDs) are 
easily formed by depositing electrical contacts on top of an individual SWNT， and a 
whole SWNT in between the contacts behaves as a single quantum dot with a 
one-dimensional hard-wal1 potential. Important energy scalesラassociatedwith the QD， 
the single electron charging energy and the level spacing of confined states lie in a 
range from submillimeter to teraherz (THz) frequency， which is more than an order 
larger than those of conventional semiconductor QDs made with the electron beam 
1ithography technique. These unique features have made usωexpect a quantum 
response of the SWNT QD to the THz wave， a photon assisted tunneling. This may 
open up a new possibi1ity for the ultra-sensitive THz detector. 
Experiments were carried out by measuring low-temperature single electron 
transport under the irradiation of the THz wave to the SWNT QD， with changing THz 
frequency and power. Results with the 2.5THz irradiation at 1.5K is shown in the 
figure2). Without the THz irradiation， typical Coulomb oscil1ations are observed with an 
altemate peak-to-peak distance， the even-odd effect. When the sample is irradiated， a 
complicated curve is observed with many features. Here， we focus on the new side 
peaks that do not appear when the sample is not irradiated. From the detailed analysis of 
the dot parameters， we conclude that出eside peaks originate from the THz photon 
assisted tunneling (P A T) that occurs for an electron in a dot ωtunnel out in the drain 
electrode. A frequency dependence is studied， and it 3.0，. 1Vd叩?2m耐V，

was found 白a剖tthe distance between the main p戸ea北kand d ~一~J 土:諒:z2料詰;Z?弘二沼;詰2:r1ナ加n
也批es幻id白ep伊ea北kvaried linむm悶learly出出批efre記eq伊u∞c叩nc句ywas 三日[ト hf →ト」ー→

increased. A power dependence was also studied， and a ~ 1，0 
indication of the Bessel-type behavior was observed3). G 。
These observations confirm the THz wave was -8，30 

detected as a photon， not as a wave. 
Gate Voltage (V) 

Figure 

References: 1) K. Ishibashi et al.， 1. Vac， Sci. Technol. A24 (4)， 1349 (2006). 2) T. Fuse， et al.， 
Nanotechnology 18， 044001 (2007) 3) Y. Kawano， et al.， 1. Appl. Phys. 
Corresponding Author: Koji Ishibashi E-mail: kishiba@riken.jp 
Tel:048-462-Il11 ext 8436 Fax: 048-462・4659
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Dispersion of Single-Wall Carbon Nanotubes by Thermostable Chitinases 

OTakeshi Tanaka1， Hyekyeong Park1， Hehua Jin1， Tadayuki Imanaka2， Hiromichi Kataura
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1 Nanotechnology Resωrch lnstitute， Nationallnstitute 01 Advanced lndustrial Science and 

Technology (AIS刀， 1-1-1 Higashi， Tsukuba， lbaraki 305-8562， Japan， 

2D々partment01 Synthetic Chemistη1 and Biological Chemistlァ，Graduate School 01 

Engineering， Kyoto University， Katsura， Nishiわ10初，めoto615-8510， Japan 

Besides applications of carbon nanotube (CNT) to electronics， medical applications attract 

a great deal of attention. When CNT is used as drug or drug ca汀ier，CNTs modified by 

proteins which specifically bind the target molecules wi1l be very useful. Although there were 

few reports that protein dispersed CNTs [1， 2]， it was known that lysozyme disperse CNTs 

very well. Here we report a novel protein which can disperse CNTs. The protein is chitinase 

which degrades insoluble polysaccharides as well as lysozyme. In this study， we chose a 

chitinase from a hyperthermophilic microorganism which can grow even at 100oC， since the 

protein is very stable and suitable for applications. The chitinase (ChiA) has a unique domain 

structure comprising two catalytic domainsにD1 and CD2) and three chitin司bindingdomains 

(ChBD 1 ~3) (Fig. 1). Various deletion mutants of ChiA (ChiA企2~5ラ Fig. 1) were produced by 

conventional genetic engineering methods using Escherichia coli cells and then purified. The 

purified proteins and HiPco-CNT were used for CNT dispersion experiment. Among these 

mutants， ChiA~2 composed of ChBD2， ChBD3 and CD2 showed the highest dispersibility of 

CNTs， suggesting that ChBD2 and/or ChBD3 play an important role in the dispersion. The 

details will be discussed at the presentation. 

References: [1] D. Nepa1 and K. E. Geckeler， Small， 2006， 2， 406， [2] K. Matsuura， T. Saito， T. Okazaki， S. 
Ohshima， M. Yumura and S. Iijima， Chem. Phys. Lett.， 2006， 429， 497. 

Corresponding Author: T. Tanaka， Te1: 029-861-2903， Fax: 029-861四2786，E-mail: tanaka-t@aist.go.j 

ChiA 
1215 amino acids 

N関関臨機櫨麟噛踊盤翻 伝説11IiijK2K1・・E針路・・C
S鳴~.ChBD1 ChBD2 ChBD3 

dispersibility 

ofCNT 

ChiA~3 博翻盤麗盤留置盤盟盤盤翻 + 
ChiA~2 …口 ;司

ー
+++ 

ChiM5 

ChiA~4 +1ー
Fig. 1 Structural features of thermostable chitinase and its deletion mutants and their abilities of CNT dispersion. 
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Technology， 4259， Nagatsuta-cho， Midori-ku， Yokohama 226-8503， Japan 

3CREST， JST， Kawaguchi， Saitama 332-0012， Japan 

Carbon nanotubes are attractive material for building blocks of nanodevices because of 
their extremely small diameter. So far， various nanodevices， such as single electron 
transistors (SETs) and field effect transistors (FETs)， have been fabricated， and their 
basic operation has been demonstrated.明司lenelectronic systems with carbon-nanotube 
based nanodevices are considered， they may be combined with conventional 
semiconductor transistors. For example， essential parts of a circuit would be made of 
carbon nanotube， while interface parts to output would be consisting of conventional Si 
transistors. To explore the possibility of combining carbon nanotube nanodevices with 
conventional semiconductor devices， in this report， we fabricate SETs with single-wall 
carbon nanotubes (SWNTs) on a GaAs/AIGaAs wafer that contains the 2-dimensional 
electron gas (2DEG)， widely used for the high electron mobility transistors (HEMTs). 
S¥¥市Hswere dispersed on the 2DEG wafer from solutionラandelectrical contacts 
were fabricated to an individual SWNTl). The surface gate and quan旬mpoint contact 
(QPC) were fabricated on the wafer (Fig). The transport measurements of the 
SWNT -SET were carried out at liquid helium temperatures， by changing either a 
potential ofthe 2DEG or the surface gate voltage. 
We have succeeded in observing Coulomb oscillations as a function of the voltage 
on the 2DEG. The appearance of the oscillations were switched on and off by 
controlling the voltage on the QPC that depleted electrons underneath it. In this case， 
the role of the QPC is to electrically separate the 2DEG 
under the SWNT・-SETand the 2DEG where the voltage 
is applied. The effect could be useful for coupled 
quantum-dot systems where a controlled coupling 
among dots may be needed. 
We also measured Coulomb oscillations as a 

長mctionof the surface gateラ andhave made clear the Figure:Schematic picture 
mechanism of the surface gating in association with the 
2DEG. ofthe sample structure 

References:1) T. Tsukamoto， et a1.， 1. App1. Phys.， 98， 076106 (2005) 
Corresponding Author: koji Ishibashi E-mail: kishiba@riken.jp 
Tel:048-467-9366 Fax: 048-462-4659 
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Inhibitory Effect of Carboxymethylcellulose Wrapping on the Oxidation of 

Single-walled Carbon N anotubes Induced by Acidification 
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12-1 Funagαwara-machi， Shinjyuku-ku， Tokyo 162-0826， Japan 

A numerous of studies have been made with regard to extensive fundamentals and 

application of single-wal1ed carbon nanotubes (SWNTs) because of high performance and 

multifunctional nanomaterials with unique and promising characteristics. For a basal aspect， 

the optical properties of dispersed SWNTs with some dispersants， such as sodium 

dodecylsulufate (SDS) and DNA， etc.ラ inaqueous solutions have been wel1 known to be 

significantly affected by acidification， depending on the chiralities of SWNTs.1
•
2

) In 

particular， the acidification is observed to give rise to the diminution of the Sl1 transition of 

the semiconducting SWNTs in the NIR wavelength range (1000-1600 nm). This behavior is 

interpreted in terms of the change in the electric transitions due to nanotube oxidation or 

hole-delocalization involving dissolved oxygen. However， definite information on the roles of 

dispersants in the pH effects has been not yet obtained. On the other hand， for an interesting 

biological application of SWNTs， N. W. S. Kam et al. 3) proposed the utility of the NIR optical 

feature of SWNTs as multi白nctionaltransporters for photodynamic therapy.. Correlatively， 

the investigation of the pH effect is significantly involved in further development of 

biomaterials with SWNTs. The objective of this study is to probe the pH effect on the 

physicochemical characteristics ofthe dispersed SWNTs over a wide range ofpH 1-14， using 

SDS and carboxymethylcel1ose (CMC) as dispersants with altemately different adsorption 

structures. 

Reference 
1) Kristy Kelley， Pehr E. Pehrsson， Lars M. Ericson， and Wei Zhao， J Nanosci.. Nanotech. 5 (2005) 1041-1044 
2) M. S. Strano， C. A. Dyke， V C. Moore， M. J. O'Connell， E. H. Haroz， J. Hubbard， M. Mi11er， K. Ria1on， C. 
Kittrell， S. Ramesh， R. H. H加 ge，R. E. Smally， J Phys. Chem. B 107， 6979 (2003) 
3) Nadine Wong Shi Kam， Michael O'Connell， Jeffrey A. Wisdom， and Hongjie Dai， P1'、JAS102 (2005) 
11600-11605 
Corresponding Author: Hirofumi Yajima 
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Manipulation and Observation of Carbon Nanotubes 

in Microfluidic Chip U nder Optical Microscope 
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Department 01 Bioengineering and Robotics， Tohoku University 

Abstract: We dernonstrate a visualization systern of carbon nanotubes (CNTs) in water 

under the optical rnicroscope using quenching phenornenon. Quenching phenornenon 

cause a decrease of fluorescent intensity around CNTs. With this rnethod， we can 

observe CNTs continuously for a long tirne by supplying proper arnount of fluorescent 

reagent. To get c1ear irnage of CNTs， we have to adjust the density of fluorescent 

reagent around CNTs precisely， however， it is extrernely difficult to control proper 

condition of the reagent. Therefore， we propose a novel on-dernand supplying systern of 

fluorescent reagent in a rnicrofluidic chip. CNTs are trapped around ITO (Indiurn Tin 

Oxide) electrodes by dielectrophoretic force. We have found that a porous structured 

PDMS support can adsorb fluorescent reagent as a carrier and supply reagent in high 

density and alrnost constantly for a long tirne. Moreover， we have rnixed a couple of 

fluids in the chip using a rnicro-stirrer. With this rnethod， we can rnix different fluids 

uniforrnly and succeeded in controlling density of fluorescent reagent. Finally， we fixed 

CNTs around ITO electrodes by dielecteophpreric force， and observed CNTs in the 

solution on real tirne under the optical rnicroscope. The fluorescent irnage of the CNTs 

was c1earer than the bright-field irnage ofthern. 

回

Fig. 3 (a) Bright-field irnage (b) fluorescent irnage. CNTs are attached around ITO 

electrodes by dielectrophoresis. 

References: F. Arai et al.， Observation of carbon nanotubes in water by supplying 

fluorescent reagent with porous structured PDMS support， Proc.MHS2007， IEEEラp43

Corresponding Author: Naoki Inornata， Tohoku University 
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Double-Walled Carbon Nanotubes 
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12-1 Funagawara-machi， Shinjyuku-ku， Tokyo 162-0826， .lI中仰

Recently， double-walled carbon nanotubes (DWNTs) have attracted a great deal of 
attention in their specific optical properties and possible technological applications in various 
fields of science because of the possssion of advantageous features of both single句 (S\\弓~Ts)

and multi-walled carbon nanotubes (MWNTs)ラ suchas electric and thermal stabilities. 
However， the procedures of the isolation and purification of DWNTs has been not yet 
established， and thus， a definite information on the physicochemical characteristics of 
DWNTs has been not almost obtained. This study is concemed with the development of 
effective purification methods for DWNTs without few damageラ andthen， with the 
investigation of the physicochemical properties. We have proposed three kinds of treatment 

methods for the purification， that is， chemical oxidation， centrifugation， and heat treatment. 
DWNTs from Carbon Nanotechnologies Inc. were used without further purification. 

The chemical oxidation was made for the DWNTs with 3: 1 concentrated H2S04/HN03 
mixtures (96 % and 69"'-'70 % ， respectively) under the sonication in a bath-type sonicator剖
50 oC for appropriate time， glvmg rise to the carboxylation for the DWNTs. The 
centrifugation treatment was made for the dispersed DWNTs with carboxymethy1cellulose 
(CMC) as a dispersant， adjusting an adequate condition of centrifugal forces and times for the 
separations of SWNTs and MWNTs. The heat treatment in air for 0.5h was made for the 
D¥¥弓ぜTsannealing at several temperature in the range of 300-600 oC with electric muffle 
白mace.The samples were characterized by various spectroscopic techniques such as FT-IR， 
UV -vis near-inf同red (NIR) absorption， photoluminescence (PL)， resonance Raman 
spectroscopy， and transmission electron microscopy (TEM). The purity was evaluated by the 
TEM observations and quality parameters (= 1 -D/G) determined from Raman measurements. 
We have obtained the results from TEM observations and Raman measurements that 
centrifugation procedures promoted the purity of DWNTs. The detailed results including 
those for the other treatment procedures will be presented and discussed in the symposium. At 
present，おrtherstudies of the physicochemical properties of the DWNTs are under the 
progress with structural characterization techniques such as AFM， DLS， and ~ -potential 
measurements. 

References : [l]T.Takahashi et al. Jpn.J.Appl.Phys 43 (2004) 3636 
[2]J.Liu et al. Science 280 (1998) 1253 
Corresponding Aut曲hor:Hirofi白1m立miYa勾0imala a 
E-mail: y 司勾jir紅ma@rs.ka昭gu.t旬uS.a叫cじ吋.j
Tel: +81-3-3260-4272 (巴xt.5760)ラFax:+81-3-5261-4631 

一168-



3P-19 

Effects of the neutral Ar beam irradiation to the random-network 

single-walled carbon nanotube field effect transistors 

Shuns叩ukeSa剖to01

1り)Advanced Device Laboratory， RlKENラWako，Saitama， Japan 
2) Department ofPhysics， Tokyo University of Science， Shinjuku-ku， Tokyo， Japan 
3) Department of Applied ChemistryラTokyoUniversity ofScience， Shinjuku-ku， Tokyo， Japan 
4) CREST， Japan Science and T百巴chnoぬology(υJST町)ラKawa姥gu山l民ch副li，Sa幻it匂ama弘，Japan 
*勺) sh加unsu北I水ke91打7@r此i比k巴en札.担，ph加lon悶1児e:汁+8別1-(ωO的)4柑8-462-111日1，f白b回X工:汁+8剖lト.ベ(刷O的)4特8-462-4659

Single-wal1ed carbon nanotube field effect transistors (SWNT-FETs) have been 
attractive because they have the high potential in the field of electronics. There are three 
kinds of SWNT-FETs. One is an individual SWNT-FET， which demonstrated an 
extremely high mobility of 79000 cm2y-1s-1 [1]. Two is a so-cal1ed multi-channel 
S¥¥明T-FET[2]， which consists a number ofparal1el SWNTs between source and drain 
contacts to obtain high current， promising for the application of large scale integrated 
(LSI) circuits. Three is a random-network SWNT-FET [3]， which consists a large 
number of SWNTs randomly distributed between source and drain contacts. The 
random-network SWNT-FET has a lower mobility than the individual SWNT-FET， 
however， it can be easily fabricated by a solution process， so promising for the lower 
cost application such as f1exible devices like the organic FETs. One of important 
common problems in their SWNT-FETs is hysteresis caused from various charge traps 
induced by contaminations on the SWNT [4]. In this presentation we report effects of 
the neutral Ar beam irradiation to the random-network SWNT-FETs. The neutral Ar 
beam irradiation process can reduce hysterisis and enhance the rトtypecharacter of the 
random耐networkSWNT-FETs. 

The random-network SWNT-FETs were fabricated on Si02/Si substrates by a 
solution process with a individual1y dispersed SWNT suspension using a surfactant， 
sodium dodecylsulfate. The suspension was sonicated and centrifuged. The oxide 
thickness was 200nm. The Pd source and drain contacts were fabricated on the 
random-network SWNTs by lift-off process and the channel length and width were 1μm 
and 3μmラ respectively.The SWNTs outside the FET structure were bumed out by 
oxygen plasma with the protection of the channel by resist. The neutral Ar irradiation 
was carried out with the low acceleration energy of 1 Oe V. 
Before the irradiation the SWNT-FET showed hysterisis of about 1.6Y in gate 
characteristics in the range of -10Y to 10V. After the irradiation the hysterisis was 
reduced up to about 0.6Y in the same range. Furthermore， the enhancement of the 
n-type character was observed in the ambipolar SWNT-FET with the 10 times higher 
electron current than the one before the irradiation. These results suggest that the 
irradiation reduced contaminations on the SWNTs， such as organics like residual 
surfactant molecules or oxygen molecules which caus 

[1] S. Heinze et al.， Phys. Rev. Lett. 89， 106801(2002). 
[2] R. Seidel et al.， Nano Lett. 4， 831(2004). 
[3] E. S. Snow et al.， Appl. Phys. Lett. 82，2145(2003). 
[4] for example， W. Kim et al.， Nano Lett. 3， 193(2003). 
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The transport and storage of rnaterials in confined space and nanopore have been 

extensively studied. In addition to the rnaterial science， biological pores， aquaporin and 

ion channels， have been extensively investigated. However， the dynarnics of the 

transport of rnaterials is stil1 unc1ear. 

We investigated the dynarnics of ion perrneation through an anion-doped carbon 

nanotube (ANT) by rnolecular dynarnics sirnulation. The free energy， energy， and 

entropy profiles about ion perrneation are calculated. The analysis of the企eeenergy 

profi1e shows that there are two ions in ANT in the rnost stable state (S2 state). It is 

found that the entropy terrn stabilizes the S2 state. We analyzed the rnolecular origin of 

the entropy terrn in the S2 state in 2PT rnethod.1 

There is a high 企eeenergy barrier at the entrance of ANTラi.e.，the rate-limiting step is 

the entering of an ion into ANT.2 The present study shows that the free energy barrier 

rnainly arises frorn the entropy. Therefore， the entire process of ion perrneation is 

dominated by the entropy. We further analyzed the origin ofhigh entropy at the entrance 

ofANT. 

1. S.-T. Lin， M. Blanco， and W‘A. Goddard UI， J. Chem. Phys.， 119ラ11792(2003). 

2. T. Sumikama， S. Saito， and 1. Ohmine， J. Phys. Chem. B， 110， 20671 (2006). 
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Recovery process of low-energy irradiation damage of SWNTs 
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1 NTT Basic Research Laboratories， Nippon Telegraph and Telephone Corporation， Atsugi， 

Kanagawa 243-0198， Japan 

2CREST/JST， Japan Science and Technology Corporation 

3 Department of Physics， Tokyo University of Science， Japan 

SWNTs are damaged by low-energy (6 eV [1]-20 keV) irradiation， and the damage and 

recovery are reversible [2，3]. In this work， we studied the recovery process of the 

low-energy irradiation幽induceddamage by means of Raman spectroscopy. 

Two SWNT samples showing almost the same Raman spectra were grown by the 

ethanol CVD method. Both samples were irradiated by 20 keV-electrons to a dose of 

8x1016 cm-2. After the irradiation， one sample was annealed for a certain time in Ar 

atmosphere at 220 oC and the other at 240 oC， respectively. Raman measurements were 

performed after the samples were cooled down to room temperature. 

Figure 1 shows D-band spectra of pristine SWNTs and of SWNTs annealed at 220 and 

240 oC following the irradiation. The annealing temperature difference of 20 K caused 

a substantial difference in the recovery speed. The activation energy of the defect 

healing can be evaluated from the results. 

(a) irradiat剖
2min 

一一一7min
14min 

一一一-64min 
-一一pristine

(b) 一一irradiated
2min 

一一一7min
14min 
64min 
--pristine 

(
回
日

E
コ

(由主コ
a

且
』
国
)
ゐ
一
一
回

E
S
E
-

空
間

)
b一一回
csc-

1200 1250 1300 1350 1400 

Raman shift (cm-1) Raman shift (cm-1) 

Fig. 1. D-band spectra of pristine SWNTs and of SWNTs annealed at (a) 220 and (b) 240 oC 

following the electron irradiation. The excitation wavelength was 785 nm. 

References: 

[1] S. Suzuki and Y Kobayashi， submitted to Jpn. J. App1. Phys. 47 (4B) (2008). 

[1] S. Suzuki and Y Kobayashi， Mater. Soc. Symp. Proc. 994， F04-02 (2007). 

[2] S. Suzuki and Y Kobayashi， J. Phys. Chem. C 111， 4524 (2007). 
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Synthesis of SWNTs by FH-arc method and 

Evaluation of SWNTs by Raman spectroscopy 
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Meijo Uniνersity， Tenpaku-ku， Nagoya 468-8502， Japan 

b Meijo Nano Carbon Co・，Ltd.， Naka-ku， Nαgoya 460-0002 Japan 

Single-walled carbon nanotubes (SWNTs) with high crystallinity 

synthesized by a hydrogen DC arc discharge with evaporation of carbon 

containing lat% Fe catalyst in H2-Ar mixture gas (FH制arcmethod) [1]. It is also very 

c1ear that some impurities such as metal partic1es and amorphous carbon coexist in the 

SWNTs soot. In order to obtain high quality of SWNTs， various purification methods 

such as annealing， oxidation by some oxidant have been attempted. As we concentrate 

obtaining the high purity SWNT sample， unexpectedly， double-walled carbon 

nanotube (DWNTs) have been observed in these samples. However， it is necessary to 

make c1ear that whether DWNTs have been existed in the as-grown S¥¥明Tssoots. 

In this study， we have precisely examined the preparation of SWNTs by changing 

synthesis conditions with FH-arc method. Synthesized SWNTs were characterized by 

Raman spectroscopy (Ar+ laser， 514 nm) and by scanning probe microscopy (SPM). Fig. 

1 shows the SPM image of purified SWNTs. Fig. 2 shows the Raman spectra of the 

as-grown SWNTs soot on a condition (Ar+H2: 200Torr， dc current: 70A). 
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Fig. 2 Raman spectra ofthe as-grown SWNTs soot Fig. 1 SPM image of purified S¥¥明Ts
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Long-range Electron Transfer 

through a Single-walled Carbon N anotube Sheet 
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In mitochondriaラelectron仕ansfer(ET) is the mechanism by which chemical energy is 

produced in the form of ATP by the use of powerful reducing reagents such as NADHY] 

Simplified ET systems can白nctionas redox-driven biomachines and/or compact bioreactors 

for the production of chemicals such as industrial materials and drugsY] This ET reaction in 

biological systems is often compared to that in a conductive nanowire. A single同walledcarbon 

nanotube (S¥¥明T)is one of the typical nanowires with an affinity for biomolecules such as 

proteins. [2] Recent reports suggest that the chemical oxidation and reduction of 

semiconductive SWNTs were observed by photobleaching of the bandgap transition. [3] The 

possibility of a SWNT-mediated ET between the reductant 

and the reduced material was also proposed on the basis of 

the redox properties of SWNTs. [3] 

In this studyラwehave constructed an SWNT-mediated 

ET system (Fig. lA) with an aim to realizing an effective 

bio-inspired reactor with large physical dimensions (several 

millimeters). Reductants supply electrons to the SWNTs that 

transfer and donate electrons to the acceptor molecules. 

Dithionite and cytochrome c (cyt c) were used as the 

reductant and acceptor， respectively. At this symposium， we 

will report on the reduction kinetics of cyt c in this system in 

detail by analyzing the optical absorption spectra 

parametrically. 

[1] M. Saraste， Science 1999，283， 1488-1493. 
[2] K. Matsuura， T. Saito， T. Okazaki， S. Ohshima， M. Yumura， S. Iijima， 
Chem. Phys. Lett. 2006， 429， 497-502. 
[3] M. Zheng， B. A. Diner， J. Am. Chem. Soc. 2004， 126， 15490-15494. 
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Diameter evaluation of multi-walled carbon nanotubes using SEM images 
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UBE Scientifzc AnaかsisLαboratoη， Inc.， Kogushi， Ube， Yamaguchi 755-8633， ~αrpan 

In the multi-walled carbon nanotube (MWCNT) materials， the material properties 
such as electrical conductivity， thermal conductivityand strength have close relations to 
the geometrical properties of the tubes. Transmission 

electron microscopy (TEM) [1]， X-ray diffraction 
(XRD) analysis[2] and scanning electron 
microscopy (SEM) have been used to evaluate the 

diameters of MWCNTs. SEM is widely used among 
them， and it allows to evaluate the distribution of 
tube diameters. 

Figure 1 shows a SEM image of as-received 
MWCNTs produced by Shenzhen Nanotech Port Co.， 
Ltd. The tubes have various diameters both 
throughout the sample and within the lengths of 
individual tubes. Because the tubes were not 

dispersed， it was difficult to evaluate the 旬be
diameter by rule. 

In this study， we have tried to evaluate the tube 
diameters from the SEM images of individually 

dispersed孔1WCNTson a substrate. One of the SE孔f

images is shown in FigユTubeshaving various 
diameters and lengths are observed. 

We measured tube diameters at regular intervals 
of 0.5 microns along each tube length. Figure 3 
shows the distribution of measured diameters. An 

average diameter and a standard deviation 
have been calculated to be 31nm and 11nm 25 

respectively. 

References:[I]M. Endo et al.: J. Phys. Chem. Solids 
58 (1997) 1707. 

[2] A. Kunishige et al.: The 32凶 FullereneNanotubes 
General Symposium， (2006) 167. 
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Fig.2 SEM image of dispersed 
九1WCNTson a substrate 
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Saturation of Photoluminescence from Carbon Nanotubes at High 

Laser Intensities: Exciton-Exciton Annihilation near the Mott Density 

OYoichi Murakami， lunichiro Kono 

Rice University， Dept. 01 Electrical and Computer Engineering， 

6100AゐinSt.， Houston， TX 77005 USA 

Nonlinear photoluminescence excitation (PLE) spectroscopy of individualized carbon 

nanotube ensembles has been carried out using wavelength-tunable femtosecond optical 

pulses. All the PL features we examined were seen to saturate at high laser f1uence 

irrespective of the excitation wavelength. As the f1uence was increased from the linear 

to the saturation regime， we found that excitation resonances at E22 energies gradually 

broadened and eventually became completely自at，where the PL intensity became 

independent of the excitation wavelength (Fig. 1). 

Through absorption spectroscopy at high laser intensities， we demonstrated that 

stateダllingor strong scatteringお notthe cause of the observed jlattening of the 

excitation spectra. We developed a model to explain these observations by carefully 

taking into account the spatial overlap of excitons in the exciton-exciton annihilation 

process. The developed model shows an excellent agreement with the observed 

saturation behavior as shown by Fig. 2 up to near the Mott density， where the average 

inter-exciton distance approaches the Bohr radius. Based on the saturation curve 

analj吻 ，we estimated for the first time the densiかofexcitons in carbon nanotubes for 

the nonlinear regime extended up to near the Mott density. 
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Growth and characteristics of 13C enriched carbon nanotubes 
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Figure 1 
Raman spectra for five 
kinds of 13CNTs. 

Carbon nanotubes (CNTs) have been attracting considerable attentions as a building 

block of nanoscale devices. One of the most intriguing features of CNTs is their small 

size beyond a limit of conventional lithography techniques， which makes it possible to 
realize various small single-electron devices. CNTs are usually consists of l"，C atoms 

which have no nuclear spins. To investigate the effect of nuclear spins on transport 

properties of CNT quantum dotsラ wegrew 13C-enriched CNTs (13CNTs) and made 
Raman， NMR， and electronic transport measurement to characterize the 13CNTs. 
13CNT was grown by the a1cohol catalytic chemical vapor deposition (CVD) 

technique using cobalt as catalyst. We use commercial ethanol with natural abundan_ce 
of 13C (1.1 %)， 1，2-13C2 ethanol (99 %) and three kinds oftheir blends with different 13C 
contents (24 %， 48 % and 74 %) as carbon sources for CVD growth. From the Raman 
spectroscopy in the radial breathing mode regionラthese13CNT samples are confirmed 

to be singles walled and the diameter is in range ofO.7 nm ~ 1.9 nm. 
Figure 1 shows the Raman spec仕afrom five different 

samples in the wave number range of the G-band and 
D-band peaks at room temperature. It is obvious that the 
peak positions of the both G-and D-band shift downwards 
with increasing 13C content in 13CNTs. The peak positions 

show a good agreement with the ca1culated Raman shift 
using the formula in Ref. 1 suggesting that the 13C content 
of 13CNT can be controlled by the 13C content of the 

ethanol. 
The spin-lattice relaxation time T1 and the spin-spin 

relaxation time T2 are evaluated from magic angle spinning 
13C NMR spectroscopy. For 13CNT(48 %)， we obtain 
Tlfastニ626μS，'F"slow = 3.8 ms and T2 = 616μs. 
Resent1yラwehave succeeded to observe the quan知m

dot features of 13CNT (99 %)剖lowtemperatures. Detailed 
studies ofthe effect of 13C nuclear spins on the transport 

properties of CNT quantum dots are now in progress. 
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References: 1) F. Simon， et al.， Phys. Rev. Lett. 95 (2005) 01740l. 
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Polarized Raman Spectroscopy of Vertically Aligned 

Single-walled Carbon N anotubes 

o Zhengyi Zhang， Yuhei Miyauchi， Erik Einarsson， Shigeo Maruyama 

Department of Mechαnical Engineering， The University ofおかo

Recently， we have prepared up to 30μm thick vertically aligned single-walled carbon 

nanotube (VA-SWNT) films with high purity by the alcohol catalytic CVD method [1]. 

Previous polarized Raman spectroscopy studies [2] showed that the peak around 180 cm-1 is 

very strong at 488 nm excitation for incident light polarized perpendicular to the tube growth 

direction， but diminishes for parallel polarization. Recent high-resolution Raman 

measurements revea1ed that this strong peak is composed of four separate sharp peaks and 

disappear when the VA-SWNT fi1m is dispersed. Additionally， we found that the films are 

comprised primari1y of small bundles， typical1y fewer than ten SWNTs [3]， which inspired us 

to investigate the origin ofthe 180 cm-1 peak. 

Po1arized Raman experiments were carried out with two configurations， where the 

orientation of the polarizer for inspecting the scattered 1ight is paralle1 (VV) or perpendicu1ar 

(VH) to the incident light polarization. By changing the angle of the incident 1ight with 

respect to the VA-SWNT growth direction， two different polarization dependences were found 

for the RBM peaks (Fig. 1). The peaks at 160 cm-1 and 203 cm-1 bahave consistently with the 

“antenna effect"， where optical spectra are dominated by absorption/emission of light 

polarized paral1el to the tube axis. However， peaks at 145 cm-1， 181 cm-1， 244 cm回1and 256 

cm-1 exhibit the opposite behavior in the VV configuration (Fig. 2)， which may due to the 

cross polarized excitation/emission process or the presence of isolated tubes within the array. 

[1] Y. Murakami， S. Chiashi， Y. Miyauchi， M. Hu， M. Ogura， T. Okubo， S. Maruyama: Chem. Phys. Lett. 385 (2004) 298. 
[2] Y. Murakami， S. Chiashi， E. Einarsson， S. Maruyama: Phys. Rev. B 71 (2005) 085403. 
[3] E. Einarsson， H. Shiozawa， C. Kramberger， M. H. Rummeli， et al.: J. Phys. Chem. C 111 (2007) 17861. 
Corresponding author: Shigeo Maruyama E-mail: maruyama@photon.t.u-tokyo.ac.jp， Tel/Fax: +81ふ 5800圃6983
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Molecular dynamics of phonon relaxation of an SWNT 
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7-3-1 Hongo， Bunわlo-ku，おか0113-865丘Japan

SWNT is expected to have large thermal 

conductivity， therefore suggested for thermal 

devices. This has motivated extensive researches 

on thermal conductivity of SWNT using both 

experimental and numerical methods [1，2]. 

Generally， heat conduction of an SWNT strongly 

depends on the transport of acoustic phonons: LA， 

TA and TW. The aim of this research is to estimate 

the contribution of each acoustic phonon mode to 

heat conduction. The contribution of each acoustic 

phonon mode to heat conduction was quantified 

by exciting the mode and then monitoring the 

phonon relaxation process. The energy of a 

phonon mode is extracted by calculating the 

phonon energy spectra. Figures 1-2 demonstrate 

the case when a LA phonon mode is excited. Here， 

the spectra are calculated by taking 

two-dimensional Fourier transfer of atom velocity 

in the axial direction of SWNT. The dependence 

of the relaxation on the phonon branch， wave 

number， temperature of SWNT， kinetic energy of 

excited phonon and 同be length will be 

discussed. 

[1]. C. Yu et.al.， Nano Lett. 5，. (2005) 1842. 

[2]. Maruyama， Physica B， 323 (2002)193. 
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Surface Potential Investigations of Ballistic Conduction in SWNTs by 

Atomic Force Microscopy 
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A single wall carbon nanotube (S"明T)is known as an ideal one-dimensional 

quantum wire. In fact the ballistic transmission has been observed when its channel 

length is less than 300 nml). Since the transmission characteristics of the SWNT are 

strongly dominated by the electronic states at the interface between the SWNTs and the 

metal electrodes， sufficient understanding of these states of the SWNT is essentially 

important for quan印mdevice applications. We have mapped surface potentials (SPs) on 

SWNTs by Kelvin probe force microscopy using the frequency・modulationdetection 

method (FM-KFM)， which is a powerful technique for investigating SP on a nanometer 

scale， as well as by AFM potentiometry (AFMP)ラwhichis a complementary method to 

measure the SP with a high-impedance voltmeter connected to an AFM tip. We have 

developed a new AFMP technique called “point-by-point AFMP" to improve the 

measurement accuracl). The AFMP measures the Fermi level at a place where the AFM 

tip is in contact while the KFM measures the contact potential difference between the 

AFM tip and sample by detecting the electrostatic force originating from the difference 

in their local work functions. 

In this study the SPs of the SWNTs with applied bias voltages were investigated by 

both FM-KFM and point-by-point AFMP. We first fabricated nanogap electrodes on a 

highly doped Si substrate with a silicon oxide layer using the electron-beam (EB) 

lithography. The gap distance was less than 300 nm. Thenラ wedeposited SWNTs 

between the nanogap electrodes by using the dielectrophresis method. We compared the 

SP images obtained by FM四KFMwith those obtained by point-by-point AFMP. We 

successfully observed a potential plateau region in the SP profileラwhichcorresponds to 

the ballistic conduction in the SWNT channel. 

[1] Y. Yaish， et a1. Phys. Rev. Lett. 92 046401 (2004)， [2] Y. Miyato et a1. Nanotechnology 18 084008 

(2007) 
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Double-walled carbon nanotubes (DWCNTs) have been expected for nanocomposites， 

field emission sources， nanotube bi-cables and electronic devices because of their superior 

mechanical properties， thermal conductivity and structural stability [1]， Optical applic剖ionof 

DWCNTs is also attractive because the inner core tube is protected from environment and its 

optical properties are preserved. 

We have previously reported that photoluminescence (PL) of nanopeapod-derived 

DWCNTs presumably depend on the interlayer spacing between the outer and the inner tubes 

[2， 3]. Namely， PL quenching occurs in DWCNTs having smaller interlayer distance and the 

PL signals of the inner tubes are observable from DWCNTs having lager interlayer distance. 

However， the detailed mechanisms of the PL quenching are sti1l controversial. We here carry 

out resonance Raman (RR) study of several nanopeapoιderived DWCNTs to quantitatively 

investigate the interlayer spacing dependence between the outer and the inner tubes on the PL 

quenching. 

Using a contour plot of the Raman intensities of the radial breathing modes (RBMs) over 

the laser excitation wavelengths of 700-1070 nm， we found that the inner tubes of all 

DWCNTs studied here were mainly assigned to (6， 5) and (7， 3) tubes. It is very interesting 

that the diameter ofthe outer tubes was estimated to be 1.37-1.55 nm and 1.34-1.6 nm for 

DWCNTs which show faint PL signals from inner tubes， while that of DWCNTs with no PL 

from the inner tubes ranges 1.2-1.4 nm. These results strongly suggest that PL behaviors of 

DWCNTs are very sensitive to the interlayer distance between the outer and the inner tubes. 

[1] M. Endo， H. Muramatsu， T. Hayashi， Y. A. Kim， M. Te汀ones，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， K. Suenaga， S. Iijima， The 32nd Fullerene-Nanotube General 
Symposium， 2P・2(2007). 
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Carbon nanotube (CNT) structures have been attracting for applications such as scaffolds 

for cell seeding and growth， because of their nanosize and fabrication indented surface at 

nanoscale. In this study， we investigated behaviors of cells cultured on CNT司synthesized

substrate surfaces. 

density were synthesized on a quartz 

MAGIICCR cells were used in this study， and were seeded on the CNT-synthesized substrates， 

surface. substrate with various surface CNTs 

quartz substrate and tissue culture dish. 

Cell rnorphology cultured for 5 days did not depend on the surface density of CNTs， as 

shown in Fig.l. Fig.2 shows the proliferations of cells on CNTs with lower surface density， 

which was sirni1ar to quartz substrate and tissue culture dish. On the other hand， in case of 

CNTs with higher surface density， the proliferation was ca. half in cornparison with the lower 

one. These cells were detached frorn CNTs with higher surface density， and seeded on tissue 
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culture dish. 
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Fig. 2 Proliferation of cells cultured on 
various substrates. 

。
Fig. (a) Cell morphology cultured on 
CNT-synthesized substrates ((a) lower and (b) 
higher densities). 
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The SiC surface decomposition method is one of the synthesizing methods of 

CNT. We have previously reported that this method gives the well-aligned and 

high-density CNTs on the SiC single crystal substrates[l]. However， SiC single 

crystals are rather expensive， and the synthesis of CNTs from cheaper SiC 

materials is desirable for encouraging the application of CNTs 

Now， a large amount of SiC abrasives powder is discharged from the Si wafer 

manufacturing industry. However， most of such used SiC powder are discharged 

and reclaimed， since the used SiC powder cannot reused as abrasives， because 

used SiC particles mostly become affable by repeat use. To realize the recycling of 

the used SiC powder， we attempted to synthesize CNT particles from the used SiC 

powder， which was much cheaper than pure SiC powder， in this study. 

After the used SiC powder was rinsed by 5M HCl for removal of metal impurity， 

the powder was heated to 19000C in vacuum. As results from TEM observation， it 

was revealed that dense CNTs layer could be synthesized on the used SiC 

particles， like the case of pure SiC particles. This indicates that not only the cost 

for synthesizing CNT particles but also the disposal amount of the used SiC 

powder can be reduced. 

References:[1] M.Kusunoki， M.Rokkaku， T.Suzuki : Appl. Phys. Lett.， 71， 2620 (1997) 
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Recently two-dimensional carbon nanostructures called carbon nanowalls (CNWs) 

have been fabricated at 700 oC by plasma-enhanced chemical vapor deposition. By 

means of Raman spectroscopy [1]， transmission electron microscopy [2]， and 

photoelectron spectroscopy [3]， it was clarified that the CNWs are composed of small 

crystallites with a high degree of graphitization. 8uch structural feature can provide us 

for various applications such as electrodes， electric field emitters， hydrogen storages， 

etc. 

The lithium-ion battery， that is one of the potential applications， has attracted much 

attention for electric vehicles. In commerciallithium-ion batteries， graphite is generally 

used as the negative electrodes. The high diffusivity of lithium ions in the active 

materials is one of important factors for the good performance. A practical way of 

enhancing the diffusivity of lithium ions is to decrease the particle size of the active 

materials. It is expected that CNW s composed of small crystallite with a high degree of 

graphitization is one of promising materials for electrodes in lithium-ion batteries. 

In this paper， we report CNWs which serve as the negative electrode in lithium-ion 

batteries intended for high-rate use. We demonstrate that CNWs have promising 

electrochemical properties. 

[1]8. Kurita， et al.， J AppJ. Phys. 97， 104320 (2005). 

[2]K. Kobayashi et al.， J AppJ.l古!ys.101， 094306 (2007). 

[3]1. Kinoshita et al.， Chem. 1盟!ys.Lett. (in press). 
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The discovery of fullerene and carbon nanotubes has raised interest in carbon-based 
materia1. Graphene is a form of graphite with only a single layer of carbon atoms. It is stable 
under ambient conditions and has been known for its peculiar electronic dispersion with 
massless two-dimensional Dirac fermions. Graphene is a new model system in condensed 
matter physics and is interesting subject to study in experimental and theoretical points. 
Recent1y， Novoselov et a1. reported the observation of the electric field effect in few-layer 
graphene[l]. It has attracted further interest as new electronic device. 
Several techniques have been reported for graphene preparation. However， the established 
techniques give rise to the variation of sample thickness and it is difficult to produce graphene 
in large quantities. 
We adopted exfoliation technique for thin graphite preparation in order to improve 
homogeneity and thinness of the product. Our processes consist of the intercalation of the 
graphite by using various acids or halogen and the successive exfoliation by heat treatment. 
HOPG (highly oriented pyrolytic graphite) and natural graphite were used for starting 
graphite. 
The photograph of the exfoliated graphite is shown in Fig.1. The x-ray dif企actionprofile 
and the magnetic susceptibility for the exfoliated graphite and the intercalation compounds 
synthesized from this exfoliated graphite wi11 be presented at the meeting. 

References: [1] K. S. Novoselov et al.， Science 306ラ666(2004) 
Corresponding Author: Satoshi He思1fl
E-mail: rk07d004@stktル hyogo.ac.jp
Tel&Fax: +81-791-58-0156/十81-791-58-0132
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Helical carbon nanofiber (HCNF) is fibril1iform carbon nanofiber with helical shape. There are two kind 

ofthe HCNFs， carbon nanocoil (CNC) with the inside diameter and carbon nanotwist (CNTw) without the 

inside diameter. The mass production of HCNF was achieved with automatic-substrate-type CVD system 

[1]. These HCNFs are synthesized by Catalyst-CVD process. However these HCNF contains the catalyst. It 

is necessary to remove the catalyst by the acid treatment. In this work， the acid treatment was done by using 

the hydrogen peroxide solution according to the following procedures. 1) Powder of HCNF and hydrogen 

peroxide solution are put in the beaker. 2) The beaker is heated up to 100
0

C by a hot plate. 3) HCNF is 

filtered with the filter and washes by the pure water. 4) It was dried in an electric fumace. Fig.l show the 

SEM image of the acid treated CNC. CNC is flattened by acid treatment. In this work， the field emission 

characteristic of CNC is measured. As a result， the emission characteristic has improved in CNC advanced 

by making flatly as shown in Fig. 2. 

This work has been partly supported by the Outstanding Research Project of the Research Center for Future Technology， 

Toyohashi University of Technology; the Research Project of the Research Center for Future Vehicle， Toyohashi University 

ofTechnology; the Research Project ofthe Venture Business Laboratory， Toyohashi University ofTechnology; Global COE 

Program“Frontiers of Intelligent Sensing" from the Japanese Ministry of Education， Culture， Sports， Science and 
Technology (MEXT); The Japan Society for the Promotion of Science (JSPS)， Cor閃巴 Univ巴rSlt守yPrograms (υJSPS.長OSEF

p戸rogrami加nthe f五ie凶eldof“R&D ofAdvar拍ncedSemic∞ondl由uctoαrs.") 

Fig. 1. SEM micrographs of CNC， (a) 
as-grown CNC and (b) after acid treat. 
Scale bar : 500 nm 
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References: Fig. 2. Field emission characteristics of flattened CNC. 

[1] Y. Hosokawa， H. Shiki， H. Takikawa， T. Ina， G. Xu， K. Shimizu， S. Itoh， T. Yamaura， Abstracts ofThe 67th 

Japan SocieかofApplied Physics Annual Conference， 30a-Dイ1(2006) 
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100 (草色
Since the successful fabrication of ultrathin graphite 

films [1]， theoretical studies on few-layer graphene 

films have been actively reported. It has been shown 

[2] that a two-layer graphene film has a band gap 

under an elec仕icfield， but ab-inito study on contact 

with an electrode under an electric field has not been 
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Figs. (a) Unit cell used for the calculations of 
three-layer graphene. White (black) spheres represent 
titanium (carbon) atoms. (b) Total density of states 
(Top) and those of each layer. (c) Energy band 
structures for E=O， 0.17 V/nm and (d) those of 
two-layer graphene without contact for comparison. 

report， we carry 

of graphene films up to four layers 

connected to titanium layers. The energy band 

innermost graphene layer falls by 

For three-layer graphene， the 

energy bands similar to those of two剛layer

graphene without contact appear near the 

Fermi level. For the electric field E=Oラ they

References: 
[1] K.S. Novoselov etal叶 Science306， 666 (2004). 
[2] E. McCann， Phys. Rev. B 74， 161403 (2006). 
[3] T. Ozaki， Phys. Rev. B 67，155108 (2003). 
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The aim in this study is to control the pore structures present in carbons by changing carbon 
nanostructure with various heat四treatmentconditions after the addition of iron metal in 
polymeric substance. 
Phenol formaldehyde resin is dissolved in methanol to finely disperse ferrocene(Fe)， stirred 
continuously until the resin becomes dry and then is cured at 800C for 10 days. The 
resu1ting resin blocks， containing 0.6 mmol of Feラarecarbonized under argon atmosphere at 
the final temperature of 10000C for lh to obtain Fe-containing carbons. In this study.ラ the
reins are heat-treated by two methods; one is cal1ed as method (i) and the other as method (ii). 
In the former method， the resins are heat-treated up to 10000C by different heating rates 
ranging from 5 to 600000C /min and held at this maximum for lh. The latter case is focused 
on the temperatures of pre-heat treatment from 100 to 6000C prior to final heat-treatment， 
which is performed at 5 oC/min up to 10000C and final1y kept at this maximum for 1 h. 
The resu1ts of nitrogen adsorption/ desorption for the F e-containing carbons indicates that 
the value of mesopore surface is constant to be about 120m2/g even if the heating rates are 
changed by method (i); howeverラ theheating rates affect the development of micropores. 
The micropore and mesopores surface areas remain constant on the carbons which are 
prepared， by method (ii)， with the pre-heat tempera仰向sbelow 500oC. However， the 
micropore surface area increases suddenly when the pre-heat treatment is carried out at 
600oC. 
The crystalline structure and nanostructure of carbon nanotubes(CNTs) on the carbons are 
studied by X-ray diffraction， scanning electron microscopy and transmission electron 
microscopy. Nanostructu向島 composedof fullerene-like carbons (FLCs) and cup-stacked 
CNTs， are recognized in this study under a simple preparation process of the carbons. The 
resu1ts indicate that micropores exist as space surrounded by FLCs and mesopores as that by 
CNTs， thus implying the importance to control the nanostructures for the preparation of 
porous carbons. 
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In order to find the novel functionality of fullerenes in cosrnetic industryラ wehave 

assessed their antioxidant activities [1]. In this study， antirnicrobial activities of fullerene C60 

and its derivatives against various bacteria and fungi were evaluated. The rninirnurn inhibitory 

concentration (MIC) values were rneasured using an agar plate dilution rnethod according to 

the Clinical and Laboratory Standard Institute. The fullerene sarnples tested were variously 

rnodified water-soluble C60 (PVP/C60， r-CD/C60 [1]， and Nano-C60 [2]) and three fullerenols 

such as C6o(OH)12， C6o(OH)36・8H20，and C6o(OH)44・8H20.Catechin was used as a reference 

rnaterial. A1though pristine C60 showed no antirnicrobial activity，自Illerenolsexhibited a good 

antirnicrobial activity against P. acnes， S. epidermidis， C. albicans， and MルポJr.In particular， 

C6o(OH)44 exhibited a strong and versatile antirnicrobial activity cornparable to catechin. 

These resu1ts indicate that the hydroxyl groups of fullerenes are responsible for the 

antirnicrobial activity. It is expected that C6o(OH)44 has a possible wide-ranging application in 

the field of the household goods as well as the cosrnetic ingredients. 

Tab1e 1. Antimicrobia1 activity ofvarious fullerene derivatives 

Strain MIC但g/mL)

C6o(OH)44 C6Q(OH)36 C6Q(OH)12 C60
a (+ )-Catechin 

Escherichia coli b 5120 

Bacillus species 5120 

Staphylococcusαu陀 us(MRSA) 2000 5120 

Staphylococcus au陀 us(MSSA) 2000 5120 

Staphylococcus epidermidis 2000 2000 2560 

Propionibacterium acnes 1500 2560 

Candidaαlbicans 1200 600 3300 

Malassezia fuゆr 900 1850 3750 37 

a All PVP/C60， y-CD/C6Q， and Nano・C60were tested. b No antimicrobia1 activity (一)was observed. 

[1] H. Takada， K. Kokubo， and T. Oshima， Biosci. Biotecnol. Biochem. 2007， 70，3088-3093. 

[2] S. Deguchi， S. Mukai， M. Tsudome， and K. Horikoshi， Adv. Mater. 2006， 18， 729-732. 
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F or more than 10 billion years， huge amount of carbon atoms are produced in space. 
Now， we want to know where and how these carbons are stored in space. It is informed that 
the Satum explorer “Cassini" operated by NASA has arrived Satum and it successfully sent 
astonishing IR images of surface of Titan satellite， where many huge methane seas are clearly 
visualized. We expect that this special satellite is reserving many kinds of carbon clusters 
and hydrocarbon molecules in the me仕laneseas under dense nitrogen air. Because， many 
asteroids often hit the Titan's surface in the past， which caused large-scale collisional 
explosions of methane under nitrogen atmosphere， and many kinds of carbon clusters， 
hydro-carbon molecules and amino-acids were produced. Main parts of there molecules 
would be stored in the methane seas under low temperature and UV-shielded atmosphere. 

Some parts of these molecules are diffused into space. 
In order to simulate this process on Titan， we have carried out the gas-gun experiment. [1] 
By using a 2-stage light-gas gun， we can accelerate 3 mm<t stainless-steel ball to about 6 1m山
and hit the ball to a stainless steel target without carbon contamination. We have developed 
a pressured target-chamber， where 1 atm of Nitrogen gas is stored and propanol target in a 
aluminum tank is set in企ontof the metal target. The accelerated ball penetrates into the 
target-chamber through aluminum thin window and causes the collsional explosion-reaction. 

[2] After the fire， produced carbon soot is carefully collected and analyzed. 
From the laser-desorption time-of-flight mass spectrum (LD-TOF-MS) measurement， we 
can confirm many kinds of carbon clusters (C60， higher fullerenes etc.) in the soot. By 
extracting using toluene and the 

HPLC method， we could confirm 
extraction of small amount of C60 
and higher fullerenes. 

From this model experiment we .~ 
can insist that fullerenes can be 二
produced by the explosion-reaction ~ 

under nit時 engas，出oughthe scale 主
is much smaller than that on Titan. di 
This experiment was carried out by ~ 
use of the ISAS/JAXA gas gun. 

[1] T. Mieno S. Hasegawa， Abst. 33rd 

Fullerene-Nanotube Sympo.， Fukuoka 
(2007) p.53. 

[2] T. Mieno & A. Yamori， Jpn. J. Appl 
Phys.， 45 (2006) 2768. 

E-mail (to T. M.): I!iero⑧sannet.ne.iD. 
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Fig. 1: A LD-TOD-MS spectrum of the sample by propanol 

explosion in N2 gas (+ ion mode， 50 shots averaged). 
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Atomic imperfections in nanoscale carbon materials， such as nanotubes， fullerenes， and 

nanographites， are known to play crucial role to determine their stability and electronic 

properties near the Fermi leve1. The atomic defects (e.g. vacancies and interstitials) 

induces particular electron states of which wave functions are localized near the defects 

with lone pair character resu1ting in gap states at/near energy gap of the nanotubes. 

In the present work， based on the density functional theory， we study the energetics 

and electronic structures of fullerene molecules with di-vacancies. We consider the 

fullerene molecules， Cn where n=60， 70， 80， 90， 100， 110， 120， and 130ラwithfive-fold 

symmetry axis to elucidate the difference and the similarity between the fullerene and 

carbon nanotubes. The di-vacancies introduced on the ful1erenes are found to be 

spontaneously repaired by forming four-ラ five-，seven-ラ andeight-member rings. Our 

calculations c1ear1y show the strong site dependence of the formation energy of the 

vacancies. The di-vacancies introduced at the atomic sites those shared by a hexagon 

and a pentagon give the smallest formation energy healed by two pentagons and a 

heptagon. In sharp contrast， healed structures containing the four-member ring give the 

largest formation energy indicating the unfavorable defect structure. On the other handラ

the di-vacancies introduced in the hexagons give the moderate energy. Further， the 

energy strongly depends on the orientation of the C-C bond that is removed. Calculated 

electronic structures of fullerenes with di-vacancies exhibit the correlation with the 

energetics. 
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C60 thin films are expected to be app1icab1e to many organic e1ectronic devices [1-3]. 

It is well known that the morpho1ogy of C60 films influence strong1y the operationa1 

characteristics of the devices. This paper describes the result of AFM and XRD studies on 

the morpho1ogica1 and structura1 properties of C60 films deposited by different conditions. 

The AFM results showed that the surface roughness and the size of crysta1 increased 

with increase in the substrate tempera旬refor C60 deposition (Fig.1 (a) and (b)). However， 

the morpho1ogy did not depend on deposition rate within the range of 3-10 A Isec. 

Post-annea1ing does not affect the morpho1ogy of the deposited films (Fig.1 (c )). The XRD 

study showed that the substrate temperature does not remarkab1y affect the crystallinity of the 

deposited films. These resu1ts suggest that C60 shou1d be deposited at 10w substrate 

temperature to form the reproducib1y uniform fi1ms， which are most important for device 

application of C60・

Fig.l AFM images of 1・-!lm・thickC60 films deposited on quartz substrates at (a) 60
0

Cラ(b)200
o
C， and (c) 

annealed at 200
0

C for 2 hours after deposition at 60oC. 

[1] T. Nishikawa， S. KobayashiラT.NakanowatariラT.Mitani， T. Shimoda， Y. Kubozono， G. Yamamoto， H. Ishii， 

M. Niwano and Y. Iwasa， 1. Appl. Phys.， 97， 104509 (2005) 

[2] K. Iwataラ M.Yamashiro， J. Yamaguchi， M. Haemori， S. Yaginuma， Y. Matsumoto， M. Kondo and H. 

Koinuma， Adv. Mater.， 18， 1713 (2006) 

[3] T. Nagano， M. Tsutsui， R. Nouchi， N. Kawasaki， T. Ohta， Y. Kubozono， N. Takahashi and A. Fujiwara.， 

1. Phys. Chem. C， 111， 7211 (2007) 
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High pressure and high ternperature (HPHT) treatrnents of solid C60 (fCC-C60)， in 

which C60 rnolecules are bound together by weak van der Waals forces， produce a 

variety of polyrnerized C60 phases known as "fullerene polyrners". Recently， we 

reported [1] that C60 rnolecules in peapods also polyrnerize by cornpression at roorn 

ternperature and it has been attracting rnuch interest [2， 3]. This work indicates that C60 

rnolecules are polyrnerized even at roorn ternperature. In the course of the experirnent to 

confirrn the indication we found that solid C60 absorb He gas under high pressure. 

Fig. 1 shows the lattice constant a of fcc-C60 under high pressure deterrnined by the 

observed difi仕actionpattems of the two kinds of experirnents (Exp-M十Eand Exp-He 

using the alcohol rnixture and He gas as pressure transrnitting rnediurnラrespectively).

The pressure dependence of the a values of Exp-孔1+Eis in good agreernent with 

previous reports. On the other hand， the pressure change of the lattice constant a derived 

frorn Exp-He is rnore gentle than that of Exp-M+E probably because of the penetration 

of He into the C60 lattice. 

[1] S. Kawasaki， et al， CPLラ418，260ラ(2006).[2] M. Chorro， et al.ラ PRB，74， 205425 

(2006). [3] M. Chorroラetal.ラEurophysicsLett. 79， 56003， (2007). 
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Fig. 1 Lattice constant a as a function of pressure. Solid circ1es and open squares correspond 
to Exp-M+E and Exp-He， respectively. Solid lines are fitting curves using 
Birch-Mumaghan's equation of state. 
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Electric double-Iayer capacitances of the C60 dispersed porous carbons 

OS. Mori， T. Kawashita， S. Kawasaki 

Nagoya lnstitute ofTechnology， 

Gokiso， Showa， Nagoya 466田8555，Japan 

Electric double-layer capacitors (EDLCs) have attracted much interest as a new 

energy storage system. Recent1y， it was reported [1] that C60 molecules improve the 

EDLC property of activated carbon fibers. However， the mechanism of the 

improvement has not been clarified yet. In this studyラ inorder to elucidate the 

mechanism we have prepared several kinds of the C60 dispersed porous carbons having 

different pore sizes and measured their EDLC capacitances. 

Several kinds of mesoporous carbons have been prepared using mesoporous silicas 

having different pore sizes as templates. C60 molecules were introduced into 

mesoporous carbons by immersing them in the toluene solution of C60・Theimmersed 

samples were dried with direct pumping to remove the adsorbed toluene. Figs. 1 and 2 

show typical examples of the N2 adsorption isotherms and the cyc1ic voltammograms of 

the pristine and C60 dispersed mesoporous carbons. It was found that the BET surface 

area ofthe mesoporous carbon decreases from 2039 to 842 m2jg by the C60 doping. On 

the contrary， it was found that the EDLC capacitance slightly increases by the doping. 

We will also discuss the C60 doping effect for the exfoliated graphite. 

This study was supported partly by Iketani Science and Technology Foundation 

and partly by Tokai Foudation for Technology. 

[1] K. Okajima， et a1.， Electrochemica Acta， 51， 972， (2005). 
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Fig. 2 Cyclic voltammograms of (a) pristine 
and (b) C60 dispersed mesoporous carbons. 1 M 
H2S04 aqueous solution was used 
electrolyte. Sweep rate was set at 10m V Is. 
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Fig. 1 N2ad印刷ionisotherms at 77 K of (a) 
pristine and (b) C60 dispersed mesoporous 
carbons. 
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Electronic transport properties of 

photo-and electrOIトbeam-irradiatedC60 

o Y. Tiba 1 ，H. Tsuji 1
ラ
M.Ueno1，N.Aoki1， J.Onoe2， and Y.Ochiai1 

1) ChibαUniversity， }句loi，lnage-Ku， Chiba 263-8522， Japan 

2) Tokyo Institute ofTechnology， O-okayamα， Meguro，あわ10152-8550 Japan 

Since the first report on C60 polymerization by Rao et al.，l) there have been many 

kinds of C60 polymerization methods. However， most of them have not examined the 

electronic transport properties of C60 polymers so far. 

We have hitherto investigated the electronic transport properties of the C60 polymers 

irradiated with photo-and electron-beam. In this work， the field-effect transistor (FET) 

properties of photo-irradiated C60 thin films were examined and compared with those of 

the electron-beam-irradiated C60・

Figure 1 shows the FET characteristics for the photo-irradiated C60 polymers. As 

shown in Fig. 1， ラi江twas found t由ha剖ta current price fell by photo pol勿yme白r包a剖ti叩on.When 

compared to our previous repor氏tヲ the current values rather increased by 

electron-beam-irradiation. 

Figure 2 shows the SEM image of a photo-irradiated C60 thin film. As shown in Fig. 

2， crazing took place in the film， which was not confirmed for pristine C60 films. This 

may make the current value reduced. 
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Fig. 2， SEM image 

Fig. 1， Gate characteristics 

1) A.M.Rao，et al ，Appl.phys.A， 64， 231 (1993). 

Corresponding Author: Y. Ochiai 

E-mai1:ochiai@fuculty.chiba-u.a郎Cι吋.J

Tel.043-290匂-3428，Fax.043-290-3427 

-194-



3P圃45

Modification of Hole-Transport Property of Fullerene Materials 
by Hydrogenation: A DFT Study on C6oH4 

o Ken Tokunaga 1 ， Hiroshi Kawabata 2 ， and Kazumi Matsushige 2 

1 Research and Development Center for Higher Educαtion 

真yushuUniversiか~ Fukuoka 810-8560 
2 Department of Electronic Science and E~gineering， Kyoto Universi収め10to615-8510 

Fullerene derivatives are paid attention as one of the tendency to improve carbon 

materials. In our previous study [1， 2]， we focused on the hydrogenation of C60， which gives 
C6oH2， and its effect on the hole-transport property. It was revealed that the hydrogenation is 
a novel and convenient method for modifシingthe hole-transport property ofC60・
In the present study， this method is extended to the fullerene hydrides C6oH4・ On

the basis of Marcus theory， reorganization energy (入)and hole-transfer rate constant (khD are 
ca1culated by density functional theory (B3LYP/6-311G(の)， assuming that the electronic 
coupling (HAB) are the same as that of C60・ Nineisomers are selected as shown in Fig. 1. 
Isomer 1， the major product [3] of C6oH4， has the largest kht which is more than 3 

times as large as that of C60 (See Fig. 2). Thus， C6oH4 has an expectation of use as 
hole-transport material. It was also found that isomers with large n:-conjugation tend to have 
large kht (See Fig. 3)， so that the hydrogenation which leaves large 1トconjugationof the 
original C60 is effective for the modification. It gives a clear guideline for the theoretical 
design of useful materials. 

Details ofthe ca1culation and analysis [4] will be presented in the symposium. 
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Figure 1. Selected nine 
isomers. The initial 何 oH 
atoms are placed at the carbon 
atoms represented by the filled 
circ1es， and the other two are at 
the carbons atoms labeled 1-9. 

Figure 2. Relative energies and kht 
of nine C6oH4 isomers. Dashed line 

shows kht of the original C60・Filled
circ1es show those of synthesized 
isomers [3]. 

Figure 3. HOMOs of isomers 1 
and 2， and schematic illustrations 
of hole-transport. 

[1] K. Tokuna!!!!， S. Ohmori， H. Kawabata，加dK. Matsushige，やn.J Appl. Phys.， in press. 

[2] K. Tokuna!!!!， S. Ohmori， H. Kawabata， and K. Matsushige， The 33rd F-NT General砂mp.，2P-14 (2007). 

[3] C. C. Hend巴rson，C. M. Rohlfing， R. A. Assink， and P. A. Cahill， Angのv.Chem. Int. Ed. Engl.， 33 (1994) 

[4]K. Tokuna!!!!;， T. Sato， and K. Tanaka， J Chem. Phys.， 124， 154303 (2006). 
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Fabrication of C60MC12 Films for Solution-Processed 

n-type Organic Thin Film Transistors 

OK. Sakaguchi， M. Chikarnatsu， A. ltakura， Y. Yoshida， R. Azurni， and K. Yase 

Photonics Research 1nstitute， National 1nstitute 01 Advanced 1ndustrial 8cience and 
Technology μ18刀，Central5， 1-1-1 Higashi， Tsukuba， 1baraki 305-8565， Japan 

We have reported high perforrnance solution-processed n-type organic thin filrn 
transistors (TFTs) ernploying C60目白sed N・.rnethylpyrro lidine-meta-C 12 pheny 1 
[C60MC12， see Fig.1 (a)] [1-2]. Generally， hydrophobic treatrnent on a gate insulator is 
effective for fabrication of a high perforrnance organic thin-filrn transistor， since the 
surface treatrnent decreases electron trap sites and irnproves filrn crystallinity of an 

organic serniconductor on a gate insulator. However， uniforrn filrn fabrication on a 
hydrophobic surface is difficult cornpared to that on a hydrophilic surface by solution 

process， as a hydrophobic surface tends to shed organic solvents. In this study， we 
exarnine hydrophilic/hydrophobic patteming of the surface on an insulating layer as 
shown in Fig.1 (b)， airning at fabrication of uniforrn and high crystalline filrns on a 
hydrophobic surface. 

The substrates with hydrophobic surface were prepared by hexarnethyldisilazane 
(HMDS) treatrnent of highly doped silicon wafers covered with Si02・Thelocal 

hydrophilic surface was forrned by vacuurn deposition of SiOx using a shadow rnask. 

Thin filrns of C60MC12 were fabricated by spin coating frorn a chloroforrn solution. 

Source and drain gold electrodes were deposited on the filrn. The TFT characteristics 
were rneasured at roorn ternperature. The all 

processes after vacuurn deposition of SiOx were 
carried out under an inert atrnosphere. 

Uniforrn C60MC12 filrns were easily forrned 
by surrounding the hydrophobic part with a 

hydrophilic part. M愉oreov民 variousspin coating ZMZ:22112r出::;日記Cl2
conditions were applied. As a result， the electron 
rnobility and ON/OFF ratio were enhanced by 
waiting before spinning the substrate as shown in 

Table 1. The enhancernent is interpreted by 
irnprovernent of C60MC12 filrn crystallinity. 
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T'able 1. FET characteristics ofthe device 
Waiting time (s) Mobilitv (cm2Ns) ON/OFF 
o 0.037 >104 

30 0.078 >105 

45 0.102 >105 

60 0.085 > 1 05 

This study was part1y supported by Industria1 T，巴chnologyResearch Grant Program from New Energy 

and Industrial Technology Development Organization (NEDO) of Japan. 

[1] M. Chikamatsu et a1.， App1. Phys. Lett. 87，203504 (2005). 

[2] M. Chikamatsu et al.， 1. Photoch. Photobio. A 182， 245 (2006). 
Corresponding Author: Masayuki Chikamatsu 
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High Performance N圃TypeOrganic Thin-Film Transistors sased on 

Soluble C60 Derivatives 

OM. Chikamatsu， A. Itakura， K. Sakaguchi， Y. Yoshida， R. Azumi， K. Yase 

Photonics Research lnstitute， Nationallnstitute 01 Advanced lndustrial Science and 
Technology (AIS刀，Central5， 1-1-1 Higashi， Tsukuba， lbaraki 305-8565， Japan 

We have reported that a solution-processed organic thin-film transistor (TFT) based 

on a perf1uorooctyl substituted C60 derivative， C60-fused 

N-methylpyrrolidineコpara-perf1uorooctylphenyl (C60PC8F17)， shows high electron 

mobility ofO.07 cm
2
/Vs and air-stability [1]. In this study， we have newly synthesized a 

long-chain perf1uoroalkyl-substituted C60 derivative， C60-fi白us回ed

N¥V-met白hyl単pyr汀ro叶li凶dine-pαrαo砕.楢-p

organic TFTs by solution process. 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 C60PC8F17 (n=8) 

C60PC12F25 (n=12) 
gold electrodes were deposited on the films. 

The TFT characteristics were measured 

both in a vacuum and in air at room 
Table 1. Electron mobilities ofthe TFTs 

tempera印re.

The C60PC12F25-TFT exhibited high 
PCBM 

C60PC8F17 

electron mobility of 0.24 cm2Ns in a C60PC12F25 

Mobilitv (cm2Ns) 
Vacuum 
0.02 
0.07 
0.24 

説話並竺主主i

。目004
0.05 

vacuum. After exposure to air for 24 hours the C60PC12F25-TFT showed good 

n-channel characteristics， whereas the TFTs employing C60 derivatives with a 

hydrocarbon chain did not operate under the same condition. The field-effect electron 

mobility is ca1culated to be 0.05 cm2Ns. This value is higher than that of 

C60PC8F17-TFT (0.004 cm
2
九TS).We will discuss correlation of film structures and 

TFT performance using different perf1uoroalkyl chain-length compounds. 

This study was partly supported by lndustrial Technology Research Grant Program from New Energy and 

lndustrial Technology Development Organization (NEDO) of Japan. 

[1] M. Chikamatsu et al.， The 33th Fullerene-Nanotubes General Symposium， 2P-13 (2007). 

Corresponding Author: Masayuki Chikamatsu 
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Effect of Free Electroo Laser Irradiatioo 
00 Pressed C60 Powder at the Order of GPa 

ONobuyuki Iwata， Shingo Ando， Ryo NokariyaラYasunariIio and Hiroshi Yamamoto 

College 01 Science & Technology， Nihon University 
7-24-1 Narashinodai， Funabashi-shi， Chiba 274-8501， .hαrpan. 

The aim of our study is to synthesize the amorphous C60 polymer bulk by irradiating free 

electron laser (FEL). Characteristics of FEL were tunable wavelength (0.3~6μm) and few 

tens microsecond macro-pulse， which included few hundreds picosecond micro-pulse. 

Distinctive particles， which were C60 polymer demonstrated by Raman spectrum， was 

obtained with approximately 5μm in diameter irradiating 3rd harmonics FEL 450 or 500 nm 

for four hours. It was possible to enlarge the size dissolving those particles in toluene and 

evaporating it to be approximately 0.1 mm-order. However， the size of polymer particle was 

limited to a few μm in diameter just after the FEL irradiation， although the irradiation 

diameter was 7mm[I]. In this report， we clarified the reason ofthe limitation 

In this experiment， we used a unique anvil， the cross sectional view of which is a saw. 

The C60 powder around the top of the saw is expected to be pressed at the order of GPa. The 

C60 powder (99.5%) was pressed and FEL was irradiated (白ndamentalenergy density was 

5.5mJ/Pulse' cm
2
) in vacuum after annealed at 700C 

Figure 1 shows a typical Raman spectrum detected from the white line middle in the inset 

optical microscope (OM) image of the sample surface. The white line was the area pressed 

with the order of GPa. The intensity of the intrinsic Ag(2) mode at 1469 cm-1 decreased 

extremely and the peak at 1455 cm-1 appeared， indicating the polymerization. The similar 

OM image， meaning white line， was obtained just 

after pressing C60 powder without FEL irradiation. 

However observed peak was only intrinsic Ag(2) 

mode. At the other area except for white line， 

the Ag(2) mode was clear1y observed at 1469 

cm-
1
. These results revealed that the most 

important key to produce polymer by irradiating 

the FEL was to press it at the order of GPa. 

From the width of the white line， calculated 

pressure was 7GPa. 

[1] The 33rd Fullerene-Nanotubes Genera1 Symposium 2P-15 
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Figure 1. A Raman spectrum and an 

optical microscope image are illustrated. 

The 500 nm FEL was irradiated. 
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C60 Crystal Growth and Free Electron Laser Irradiation Effect 

on Pressed C60 Powder in Solution 

OYasunari Iio， Shingo Ando， Ryo Nokariya， Nobuyuki Iwata and Hiroshi Yamamoto 

College 01 Science & Technology， Nihon University 
7-24-1 Narashinodai， Funabα'shi-shi Chibα， Japan 274-8501 

The aim of our study is to synthesize amorphous C60 bulk crystal with free electron 

laser (FEL) irradiation. In the last report we reported that polymerization degree of 

pillar C60 crystal made by liquid-liquid interfacial precipitation (LLIP) method with 

m-xylene/IPA was higher than that ofC60 precipitate on the bottom in the supersaturated 

m-xylene from the result of Raman spectrum[1]. It is noted that the key for 

polymerization is shorter distance between C60 molecules in a pillar C60 crysta1. By 

the way， the shape of C60 crystal strongly depends on solvent. In this report， C60 

crystals were grown on substrate just by evaporating solvent， tolueneラ mーラ 。-and 
p-xylene， from supersaturated solutions to obtain the shorter distance in crysta1. The 

shorter distance was also obtained in a pressed C60 powder. 

Glass substrate (approximately 10 x 10mm2) was just immersed in the supersaturated 

solution and then evaporating the solvent at 120C. The glass bottle filled with the 

solution and the substrate was tilted with 600 from the so-called z-axis， normal to the 

ground. 

Figure 1 is an optical microscope image of C60 

crystal企omthe toluene supersaturated solution. 

The rectangular crystals with the size of mm-order 

were obtained. Needle-shaped grains with 10μm 

in diameter and 1 mm in length from m闇xylene

supersaturated solution were obtained. Raman 

spectra showed that the crystal was C60 monomer. 

The crystal growth with different so lvent and by 

LLIP method， and the FEL irradiation will be also Fig.l : Optical microscope image of 

discussed. the solution-grown C60 with toluene. 

[1] The 33rd Fullerene-Nanotubes General Symposium 2P-15 
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Magnetic Properties of superconducting sodium fulleride NaxC60 

oNozomu Kimata， Satoshi Heguri， and Mototada Kobayashi 

Department of Material Science， Graduate School of Material Science， 
UniversiかofHyogo，Ako， Hyogo 678-129スJapan

The structure and physica1 properties of sodium fullerides NaxC60 are very interesting 

because they are different from those of other a1ka1i-doped C60・Sincethe Na+ ion has a small 

ionic radius， NaxC60 with 1arge x va1ue can be expected. Yi1dirim et al. reported the synthesis 
ofNa9.7C60 with a face-centered cubic (fcc) structure and suggested the Na-saturated phase to 

be NallC60 [1]. We reported structureラ magneticsusceptibi1ity and superconductivity for 
NaxC60 at the 1ast Symposium. Here we report physica1 properties of NaxC6o， main1y on 
magnetlc propertles. 

Sodium doped fullerides were prepared from sub1imed C60 powder with 99.95% purity 

(MTR Ltd.) and Na meta1. The mixture of degassed C60 and Na meta1 was encapsu1ated into 
a stain1ess steel tube and sea1ed into a Pyrex grass tube after evacuating. Therma1 treatments 

in a fumace were carried out at 573K for 672 hours. The mo1ar composition x of products 
were determined by weight uptake measurement. We succeeded in prepareing the samp1es 
with up to 11. 

Figure 1 shows the app1ied magnetic fie1d dependence of the mo1ar magnetization for 

superconducting Na8.2C60 by using SQUID magnetometer. Critica1 magnetic fie1d ofNa8.2C60 

are HCl=1.6mT， Hι2=2.5T at 2K and Hc1=l.OmT， Hc2=1.6T at 8K. Ginzburg-Landau 
parameter estimates κ=13. 

Details wil1 be discussed at the meeting. 
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Fig.1 Applied magnetic field dependence 

of mo1ar magnetization for Na8.2C60・

[1] T.Yildirim， O.Zhou， J.E.Fischer， N.Bykovetz， R.A.Strongin， M.A.Cichy， A.B.Smith III， C.L.Lin and 
R.Jelinek， Nature， 360， 568(1992). 
Corresponding Author: Nozomu Kimata 
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Hikata， Takeshi lP-l Ishigami， Itsuo lP-l 

Hino， Shojun 2-2 Ishii， Fumiyuki 2-13 
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Hosokawa， Yuii 3P-35 Isobe， Hiroyuki 2-9， 2-12， 2P-48， 2P-50 
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3P-38 Maruyama， Masashi 2P-46 

Komatsu， Koichi 2-7 Maruyama，Shigeo 1-4， 1-8， 1-12， 1-14， 

Komatsu， Naoki 2P-8 1P-28， lP-43， 2P-2， 

Komatsu， Naoya 2P-21 2P-5， 3-3， 3P-6， 3P-7， 

Kondo， Daiyu 3-4 3P-ll， 3P-27， 3P-28 

Kondo， Y. 1P-26 Maruyama， Takahiro 1P-6， 1P-9， 2P-1 
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Kono， Junichiro 3P-25 Masuhara， Shinya 2P-7， 3P-8 

Kono， Keijiro 2-1 Masuo， Yuki 1P-4 

Kono， Takumi 1P-20 Matsuda， Kazunari 1-4 

Koretsune， Takashi 1-6 Matsudaira， Masaharu 1P司28

Koshino， Masanori 2-9 Matsumoto， K. 1P-26 

Koshio， Akira 1P-41 Matsumoto， Kazuhiko 2P-20 

Krishnamurthy， Raviprasad 1 P-21 恥1atsunaga，Yoichiro 2P-35 

Kumagai， Estuko 3P-31 Matsuo， Jiro 1P-l 

Kumar， Abhishek 1P-5， lP司25 Matsuo， Yutaka 2P-45 ， 2P-46， 3S-6 

Kumashiro， Ryotaro 2-7， 2P-21 Matsuoka， Makoto lP-17 

Kunishige， Atsuhiro 2P-29， 3P-24 Matsushige， Kazumi 3P-29， 3P-45 

Kuranoto， Tatsunori 2P-16 Matsuura， Koji 3P-23 

Kusunoki， Michiko 1P-2， lP-9， 1P-13， 恥1atsuura，T. lP-26 

3P-32 恥1ieno，Tetsu 2-5， 3P司39

Minami， Nobutsugu 1-5， 2P-24 

~L~ お1infang，Zhang lP-44 

Li， Y. F. lP-24 Miura， Koji 3P-35 

Li， Zhh. 2P-ll Miura， Mituharu 1P-48 

Liu， Huarong lP輔12 お1iura，Yosuke 2P-7， 3P-8 

Liu， Michael T. H. 2P-31 Miyahara， Katsuya 2P-38 

Liu， Zheng 2P-3 Miyake， Yoko 2司3

Lu， Jing 2P-2 Miyamoto， Hiromitsu 3P-8 

Lu， Xing 2耐6 Miyamoto， Yoshiyuki 1-11， 2P-37 

Miyata， Yasumitsu 2P-3， 2P明26，2P-30， 

~M~ 3-6， 3P-5 

Maeda， N oriko 3P司18 Miyato， Yuji 3P-29 

Maeda， Yasushi 2P-7， 3P-8 Miyauchi， Yuhei 2P-2， 3-3， 3P-27 

Maeda， Yutaka 1P-30， 1P-31， 1P-32， Miyawaki， Jin 1P-45， lP-49， 1P-50 

2-4， 2-6， 2P-2， 2P-21 ， Miyazaki， Takafumi 2-2 
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Maki， Hideyuki 2P-27 2-4， 2-6， 2P耐31
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Mizukoshi， Tomoyuki 1P-1 Nakashima， Yasuhiro 1P-19 

Mizuno， Naoki 1P-41 Nakayama， Yoshikazu 2P-25 

Mizuno， Tomoyuki 2P-27 Naritsuka， Shigeya 1P-6， 1P-9， 2P-1 

Mizusawa， Takashi lP-3 Nihei， Mizuhisa 3凶8

Mizutani， Takashi lP-19， lP-35 Nihsimura， Minetaka 3P-28 

Mori， Midori 1P-9 Nii， Hiroyuki 2P-29 

Mori， Shunsuke 3P-43 Nikawa， Hidefumi 2-6， 2P-35 

Mori， Takahiro 3P-15， 3P-19 Nishi， Nobuyuki 2P-l 

Moriguchi， Tetsuji 2P凶16 Nishibori， Eiji 1P-39， 2S-4 

Morishita， Takayuki 3P-32 Nishigaki， Shohei 1P-24， 2P-36 

Morita， Hiroyuki 2P-32 Nishio， Koji 2P-6 

Morokuma， Keiji lP-21 Nobukuni， Shingo 2P-16 

Motohashi， Satoru lP-22 Noda， Suguru 1-12， 3P-6， 3P“7 

お1urakami，Tatsuya 1P聞47 Nojiri， Hiroyuki 1-13 

Murakami， Tetsushi 1P-4， lP幽38 Nokariya， Ryo 3P-48， 3P-49 

Murakami， Toshiya 2P-6 Numao， Shigenori 2P“1 

Murakami， Yoichi 1-4， 3-3， 3P-25 

恥1uranaka，Takashi 3P-24 ~O~ 

Murata， Katsuyuki 2P同20 Ochiai， Yuichi 3P-26， 3P-44 

Murata， Naoyoshi lP-28 Oda， Tatsuki 1-18， 1P-27 

Murata， Yasujiro 2-7 Ogata， Hironori lP幽22

Ogata， Teruhiko 2-5 

~N~ Ogawa， Daisuke lP-42 

Nagaishi， Shouichiro 3P-31 Ohashi， Kazunori 1P-33 

Nagaoka， Shiho 2-3 Ohfuchi，M征i 3P-36 

N agasawa， Hiroshi 2P欄9 Ohigashi， Hiroji 3P-41 

Nagasawa， Yoshiaki 1-2 Ohmine， Iwao 3P-20 

Nagase， Shigeru lP-30， lP-31， lP-32， Ohmori， Shigekazu 1-17， 3P-23 

2-4， 2-6， 2P-2， 2P-31， Ohno， Yutaka 1P-19， lP-35 

2P-32 Ohshima， Satoshi 1-17， lP-42， 3P-23 

Nagatsu， Hidetoshi 3P-3 Oie， Manabu 3P-26 

Naito， Ryoji 2P-6 Oishi，Osamu 2P-1 

Nakagawa， Hamazo 2P帽29，3P-24 Oizumi， Haruna 3P-41 

Nakahara， Hitoshi lP-14; lP-16， lP幽20， Okada， Fumio 3P幽35

3P-3 Okada， Hiroshi 2P-33 

Nakahodo， Tsukasa 2P-32 Okada， Mitsunori 2P-32 

Nakajima， Koji 1P-31， 2-4 Okada， Susumu 2-13， 2P-28 ， 3P-40 

N akamura， Arao 1-2 Okamoto， Minoru 3岬7

Nakamura， Eiichi 2-9， 2-12， 2P-45 ， 2P-46， Okamoto， Yasuharu lS-1 

2P-48， 2P-50 Okawa，Jun 3-3， 3P-ll 

Nakanishi， Takeshi 3P-30 Okazaki， Toshiya 1-5， lP-3， lP-35， lP-36， 

Nakao， Kota 2P-38 2P-49， 3P-30 

Nakashima， Naotoshi lP-15， 2P-14， 3-7 Oke， Shinichiro lP-48， 3P-35 
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Okimoto， Haruya 2-1， 2-2 Saito， Tatsuya 2P-21 

Okochi， Mina 1P-19 Saito， Yahachi lP-12， 1P-14， lP-16， 

Okubo， Shingo 1P-36 1P-18， lP-20， 3P-3 

Okumura， Kensuke 1P-18 Sakaguchi， Koichi 3P-46， 3P-47 

Okuyama， Hiroki 3P-4， 3P-1O Sakai， Hiroshi 3P-2 

Omote， Kenji 2P-33， 3P-41 Sakai， Takeshi 2P司33

Omura， Kazuo 3P-19 Sakakibara， Ikuo 1P-48 

Onari， Seiichiro lP-23 Sakamoto， Tomokazu 2-10 

Ono， Shin 2P-7， 3P-8 Sakamoto， Yuji 3P崎37

Ono， Shoichi 2P-33， 3P-41 Sakashita， Hirofumi 1P-27 

Onoe， Jun 3P-44 Sakata， Makoto 1P-39 

Oohara， Wataru 2P-13 Sakurai， Yoshiaki 1P-1 

Ookawa， Takashi 1P-48 Sandanayaka， Atula 2-12 

Osawa， Eiji 2-15， 2S-3 Sandanayaka， D. A. 1P-47 

Osawa， Toshio 3P-7 Sano， Masahito 1-16， 2P-19 

Oshima， Hisayoshi 2P-5 Sasai， Ryo 3P-32 

Oshima， Takumi 2P-43 ， 2P-44 ， 2P-47， Sasaki， Kenichi 1-1， 1P崎23

3P-38 Sato， Hideki 1P-8 

Oshima， Yugo 1-13 Sato， Kentaro 1-1， 2P-23 

Osuka， Atsuhiro 2P-8 Sato， Satoru 1P-32 

Otake， Yoshinobu 3P-37 Sato， Shintaro 3-4， 3-8 

Sato， Shunsuke 3P-19 

~P~ Sato， Tetsuya 2P-27 

Park， Hyekyeong 3P-14 Sato， Yoshinori 1P司17

Park Sung， Jin 1-1， 1P-ll Sato， Yuta 1-5， 1P-36， 2P-3 

Peng， Xiaobin 2P-8 Sawa， Hiroshi 2-7 

Pierstorff， Erik 2S-3 Sawada， Keisuke 2岨13

Seeberger H.， Peter 2P-50 

~R~ Seki， Toshio 1P-1 

Rachi， Takeshi 2白7 Sharon， Maheshwar 2P-12 

Rodgers， Thomas 2P-18 Shi， Zujin 3P-30 

Shibata， Noriyoshi 1P-13 

~S~ Shibi， Yutaka 2-5 

Sagami， Hiroyuki 3P-41 Shimazu， Tomohiro 2P-5 

Saida， Morihiko 3P-41 Shimote， Yoshikazu 2P-16 

Saito， Hiroshi 1-16 Shin， Hyung-Joon l同9，1-10 

Saito， Mineo 2-13， 2P-22 Shinohara， Hisanori 1-8， 1P-28， 1P-33， 

Saito， Riichiro 1-1， 1P-ll， 1P-23， lP-35， 1P-39， 1P-40， 

2P-23 lP-42， 2-1， 2-2， 3-5， 

Saito， Shingo 2P-26 3P-12 

Saito， Shi吋1 3P-20 Shinohara， Kennzi lP-48 

Saito， Susumu 1-6， 2四8 Shinohara， Yuichiro 3P-35 

Saito， Takeshi 1-5， 1-17， 1P-42， 3P-23， Shiokawa， Takao 3P-l 
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Shiomi， Junichiro 1-14， lP-43， 3P-28 Tanaka， Takeshi 3-6， 3P-14 

Shiraiwa， Tomoyuki lP-6， 2P-l Tanaka， Yukio lP回23

Shirakawa， Shogo 3P-38 Tang， Chengchun lP-37 

Shiratori， Yosuke 1-12 Tanigaki， Katsumi 2-7， 2P-21 

Shishido， Jun 2P-13 Taniguchi， Isao 2P-38， 3P-31 

Sh吋i，Satoru 2P-18 Tanioku， Ke吋1 lP四6

Slanina， Zdenek 2P-31 Tarao， Takashi 2-15 

Soga， Tetsuo 2P-12 Tatamitani， Yoshio 2伊5

Sol， Yui 2P-47 Terao， Takeshi lP-37 

Solin， Niclas 2-9， 2P-50 Tobita， Hiromi 2P-33 

Sonomura， Takuya 3P-1O Tochika， Shinya 2P-47 

Suenaga， Kazutomo 1-5， lP-36， 2P-3 Toda， Masayuki 2P-33 

Sugai， Toshiki lP-28， lP訓33，lP-35， Togaya， Kyoko 2P-44 

2-2， 3-5 Tohji， Kazuyuki lP-17， 2P-13 

Sugawara， Syuuichi lP-48 Tokunaga， Ken 3P-45 

Sugihara， Kunihiro lP-13 Tominaga， Masato 2P-38， 3P-31 

Sugime， Hisashi 1-12 Toyokawa， Seiko 3P-13 

Sugimoto， Shigeyuki lP町13 Tsuchida， Kunihiro lP-47 

Sumii， Ryohei 2-2 Tsuchiya， Takahiro lP咽30，lP-31， lP-32， 

Sumikama， Takashi 3P幽20 2-4， 2-6， 2P-2， 2P-31， 

Sumiyama， Yoshiyuki 2P-29， 3P-24 2P回32

Susami， Yasunori 2P-43 Tsuda，Shunsuke 1-7 

Suzuki， Hirotaka 1-13 Tsuji， Hajime 3P-44 

Suzuki，恥1asahiro lP-23 Ts吋i，Masaharu lP回10

Suzuki， Satoru 2P-27， 3-2， 3P-21 Tsuji， Yoshiko 1-12 

Suzuki， Shinzo lP-3， 2問3，2P-9 Tsuruoka， Yasuhiro 2P-1O， 3-1 

Suzuki， Shogo lP-8 

Suzuki， Yoshinobu 2P-5 ~U~ 

Uchida， Katsumi 3P-4， 3P-16， 3P-18 

~T~ Uchida， Takashi 3P-2 

Tachibana，恥1asaru 1-18， 3P-33 Ueda， Kazuyuki lP-7， 2-10 

Tagmatarchis， Nikos 3S-5 Ueno， Misaki 3P-44 

Tahara， Shuichi 3S-7 Umemoto， Hisashi lP-33， 2-1， 2-2 

Taira， Y. lP-26 Umeno， Masayoshi 2P-12 

Takagi， Daisuke 3-2 Uo， Motohiro lP司17

Takamori， Hisayoshi lP-15 Urata， Keisuke 2P-9， 3-1 

Takano， Yoshihiko 1-7 Usui， Shi吋1 2P-34 

Takikawa， Hirofumi lP-48， 3P-35 

Tamura，N. lP-26 ~W~ 

Tanaike， Osamu 2P司15，3P-33 Wada， Yoriko 2P-39 

Tanaka， Kei 2-10 Waelchli， Markus lP唱31， 2-4 

Tanaka， Masayuki lP-22 Wakabayashi， Tomonari lP-4， lP-38， 2-11， 

Tanaka， Takatsugu 2“9， 2-12 2P-39， 2P-40， 2P-41 ， 
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2P-42 Yanai， Takayuki 3P-4 

Wakahara， Takatsugu 1P圃30，1P-31， 2-4， 2-14， Yase， Kiyoshi 3P-46， 3P-47 

2P-2 Yasuda， Satoshi 1-15， 2P-4， 2P-15 

Wakamatsu， Nobuo lP幽15 Yasutake， Yuhsuke 2-1 

Wako， Kei 1-18 Yokoo， Kuniyoshi 2P-33， 3P-41 

Wang，Hf. 2P-11 Yokota， Masashi 3P-35 

羽Tatanabe，Shu 3P-1 Yokoyama， Atsuro 1P-17 

Watanabe， Tohru 1-7 Yokoyama， Daisuke 3-8 

Watari， Fumio 1P-17 Yoshida， Hiromichi 3-5 

Werz， Daniel B. 2P-50 Yoshida， Hiroshi 3P-1 

Williams， Oliver A. 2-15 Yoshida， Yuji 3P-46， 3P-47 

Yoshihara， Naoki lP司10

~X~ Yoshikawa， Kazuo lP-2， lP-48， 3P剛35

Xiang， Rong 3-3， 3P-11 Yoshimura， Hirofumi 3P-33 

Xu， Qian lP-34 Yoshimura， Masamichi lP-7， 2-10 

Yoshimura， Toshiaki 2P-32 

~Y~ Yoshitake， Tsutomu lP-45 

Yagi， Yuko 1P幽28 Yoshizaka， N agisa 3P-31 

Yajima， Hirofumi 3P-4， 3P-16， 3P-18 Yoza， Kenii lP・30，2-4 

Yamada， Hirofumi 3P-29 Yudasaka，お1asako 1P-44， 1P-45， 1P-47， 

Yamada， Michio 1P-30， 1P-32 1P-49， 1P-50， 2-12， 

Yamada， Takeo 1-15， 2P-15 2P-49 

Yamagami， Yuichiro 2-8 Yuge， Ryota 1P-45 ， 1P-49 

Yamaguchi， Takahide 1-7 Yumura， Motoo 1-15， 1-17， 2P-4， 2P-15， 

Yamaguchi， Tomohiro 3P-13， 3P-15， 3P-26 3P-23 

Yamaguchi， Yukio 1-12， 3P-6， 3P-7 Yumura， Takashi 1P-29 

Yamamoto， Atsushi 2P-7， 3P-8 

Yamamoto， Hiroshi 3P-4， 3P-10， 3P-48， ~Z~ 

3P-49 Zhang， Hong 2P-37 

Yamamoto， Kazunori 2-14 Zhang，恥1infang 1P-47， 1P明50，2P-49 

Yamamoto， Masanobu 1P-48 Zhang， Zhengyi 1・12，3-3， 3P-27 

Yamamoto， Motohiro 1P-2， 3P・32 Zhao， Xiang 1P-34 

Yamamoto， Yo 1P-9 Zheng， Hong 1P-34 

Yamana， Shuichi 3P-38 Zhi， Chunyi 1P帽37

Yamanishi， Yoko 3P-17 Zhou， Biao 1P-22 

Yamashita. Fuyuko 2P-33 

Yamashita， Tetsuya 1P-16 

Yamaura， Tatsuo 1P-48. 3P-35 

Yamaya， Kenji 3P-21 

Yamazaki. Akira 3P-2 

Yamazaki， Nobuyuki 3P-26 

Yamazaki. Yuko 1P-31， 2-4 

Yanagi， Kazuhiro 2P-3. 2P-30， 3P-5 
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干464-8602 愛知県名古屋市千種区不老町

名古屋大学大学院理学研究科物質理学専攻

篠原研究室内

Tel: 052-789-5948 
F拡:052羽 9-1169

E開mail:fullerene@nano.chem.nagoya-u.ac.jp 

URL : http://fullereneサp.org
印刷/製本名古屋大学消費生活協同組合印刷部
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今まで分離できなかった

金属内包フラーレンが分離可能!

15 10 

COSMOSI~ Buckyprep-M 

• 〉¥」一一一

ノ 濁剛 よ一一一一一~5-一一J一一」古30 20 25 

COSMOSI~ Buckyprep-M 

1¥; 目印 C86 ¥ .…- C6il -ah 、
COSM OSHf Buc suZぐ~84η > C刷一、二~ v ¥. SC@C凶)

15 唱。

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

ーその他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
千604-0855 京都市中京区二条通烏丸西入東玉屋町498

詳しい情報はWebsiteをご覧下さい。

価格・納期のご照会フリーダイヤル 0120-489-552
製品に関するご照会 TEL:075-211-2703 FAX: 075-211-2673 

Web site :http:グwww.nacalai.co.jp
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本社・昭島製乍所干 196-855日東京都昭島市武蔵野 3 - 1 - 2 "(042)543-1111 
官業統括本部字国0-0012東京都立川市曙町 2-8-3 新鈴春ピル 3F 自 (042)528-33日1
札幌 (011)726ト9680 仙台 (022)222-3324 . 1¥;置 (029)日56-3220.東京 (04白52日-3211 構"'(045) 474召181
名古屋 (052)581-1406・大臨 (06)6304-3日41・広島(口82)221-2500 福岡 (092)411-2381 



NGnotechnoloqvsimulGtion 
ナノシミュレーシ藷ンの最新テクノロジー

'ONETEP 

GULP (無機力場/格子ダイナミックス法)

Adsorption Protocol 
吸着サイトの同定

-構造最適化
・自由エネルギー最小化
.分子動力学

・モンテカルロj去
E欠縮計算

・力場フィツティングF

-遷移状態

・遺伝アルゴリズム
・フォノン自由エネルギー

ONETEP 

-弾性定数

・パJレク岡付生
.ズリ調IJ性
現ヤング率

R誘電定数

-ボjレン有効電荷
.フォノン振動数

・表面、付着エネルギー等

品ATERIAlS

STUDIO 
数千原子レベルのDFT計算を高効率パラレル計算で実行

アクセルリス株式会社

〒105-0003東京都港区西新橋3-3-1西新橋TSピル11F 
お問合せ先 TEL: 03圃3578-3860 Email: info-japan@accelrys.com 
ホームページ http://accelrys.co.jp

accelrys務



BRANSON 
盟 ~::.JJヲ犯科学貿易

干243-0021神奈川県厚木市岡田4-3-14
TEL : 046-229-8323 FAX: 046-229-0262 
E-mail: info.bransonic@br白nson-]p.com
URL:www冒branson-jp.com

〒111-0052東京都台東区柳橋1-8-1
TEL: 03司5820-1500 FAX: 03-5820-1515 
E-mail : tOkyo@cscjP.co.jp URL: http://cscjp目co.jp

軍需暫曹m回哩罰f~:mutl盟理司冒・・
・I..:ll孟】記己主~話語通塩草Z歯菌孟Z面a
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微細芯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。超音波リキッドプロセッサを使用し、均質な乳化分散処理を行い安定させることにより製晶の機能は向上
します。

弊社では20kHz機と、40kHz機の2タイプを用意しております。 1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。 401くHz機は、さ51こ細かいレベルで分散ができる可能性があります。

201くHz超音波ホモジナイザー
BRAN801¥1 801¥IIFIERシリーズ

高周波40kHz超音波リキッドプロセッサ
BRAN801¥1 2000bdc 

弊社の製品は、ホーン先端部の振幅の安定性が高く強力なキャビテーションが得5れます。
高効率で再現性の高い分散処理が行えます。

主なアプリケーション

分散
・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 ・粉末治金 ・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

・フィラー ・光触媒 ・触媒 ・ワクチン ・体外診断薬

-歯磨き粉 ・シャンブー ・製紙 ・半導体 ・電子基盤 ・液晶

・貴金属 ・金属 ・タイヤ ・発酵菌類 ・その他

乳化
・エマルジョン製剤 ・農薬 ・トナー ・ラテックス ・界面活性剤

・クりーム ・乳液 ・等



人関工学を取り入れた震新裂のとこヱームフード。

研究者の安全性はもちろん、機能性と挟適性を

ご提案します。

見やすい“大型の観察罵(ガラス)

観察算(ガラス)の点める割合を増やすことで、
フードの内部が見やすくなりました。

使いやすい“大型のフード内サイズ"

作業酒から邪魔芯力ランを取り除くζとで、フードの
内部がより一層広く芯りました。

環境にやさしい“エコロジー設計"

塗装は耐薬性に優れ有機溶剤を使わ芯い等尽の
粉体塗装を施しています。メンテナンスを考慮した
分別設計はもちろんのこと、臣認震設計まで考慮して
います。

才カムラは、先進性とフレキシビソティを備えた設犠機器の

才カムラの研究施設用家異 援供や、研究間人員に対応したスペースプランニングなど、

研究者にとって快適忽研究環境をと提案します。

オールスチーんで設計された新しい形の実験台。

研究沼的に合わせて変化する実験・研究課境を

薬軟にサポートします。

※搬板1段 (1800W)当たり、
最大150Kgの積載が可能です。

棚が使える“機能性"

作業函に載せていた計測機器を械に設置するζとで、作業面そ確保でき
ます。また、機器のサイズに合わせて槻板高さを調整できます。

組替え自由な“拡張性"

(イメージ) 研究の目的にあわせてレイアウト変更が簡単にできます。

[名古屋支鹿]

〒450-6020名古屋市中村区名駅 1-1-4 JRセントラルタワーズ20階 TEL:052(551)3180 FAX:052(551)3185 

I主義務翼手陣議決括主要素地待相時五幹事審議員長所長三l
:.均特;減問き故会終:泌総決i接持派-接持制雨量ミ弓-ヨI

苅Dbヲ
株式会社岡村製作所



※CNT:Carbon Nano Tube 

CNTは炭素でで、きた円筒状の物質で、半導体材料・燃料電池の電極などで"驚異の新素材H
として注目を集めています。また、種々の異なった構造(単層二層など)が存在し、構造の違いに

よって性質が異なるため、詳細な研究には分離精製が欠かせません。

この分離を日立エ機(株)製小形超遠心機CS-GXLシリーズ、で行うこともで、きます。大形の超遠心

機よりも簡便で少量試料の場合には最適ですので皆様のご研究にお役立て下さい。

単層CNT分離システム 遠心分離条件

(システム構成)

日立工機(株)製
CS100GXL形分離用小形超遠心機

2議

使用ロータ:S52ST(文献と閉じスイング口ータ)

回転速度:52，000rpm (文献:30，000中m)
時 間:1時間30分(文献:4時間)

試料量:チューブ1本あたり約5ml
試 料:1 %SDSを含むD201こ懸濁させた

CNT(20-25mg/1) 

暢網鰯機織飴時

議鞍

議議 2) S100AT6形アングルロータ

使用口ータ:S100AT6(アングルロータ)
回転速度:100，000rpm 
時間:20分
料量:チューブ1本あたり約3.4ml
料:1 %SDSを含むD201こ懸濁させた

CNT (20-25mg/1) 1 )引用文献 BandGap Fluoresce附白om
lndividual Single-Walled Carbon Nanotubes， Michael 
1. O'Connell， et al.，Scienceグ01.297，593-596(2002) 
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オザワ科学株式会社

本社:干460-0003名古屋市中区錦三丁目9-22
電話:052-951-5331 
FAX: 052-962-7358 



1. フラーレン混合物 (C60:70札C70:25弘， High Fullerene:5九)
2. フラーレンC60
純度 >99九

3. フラーレンC70
純度

>99.5九
>99.98% 
Sublimed 

>99弘
>99% 
>99.5% 

Sublimed 
4. SWナノチューフ、(20-40%)クローズドエンド

5. SWナノチューブ(50%-70%)クローズドエンド
6. SWナノチューブ、(70.....80%)

50......60%がオープンエンド
7. MWナノチューブ、(95%)クローズド工ンド
8. MWナノチューブ;'(70......80%)
50.....60%がオープンエンド
9. MWナノチューブ、(85.....90%)

95弘以上がオープンエンド
*High Fullerenes 95% 
C76 
C78 
C84>95九
C6099.9%(OH)n n=22-26 
C6099.9%(OH)n n=22-26 

*Bucky Ferrocene-molecular hybrid C60 w/ Ferrocene 

株式会社マツボー
東京都港区虎ノ門3-8-21
電話 03-5472-1722
FAX 03-5472-1720 

email: fulen@matsubo.cojp 

本ページ未掲載の種類のフラーレン・ナノチューブ、を

ご希望の場合はメーカーに間合わせますので
お申し付け下さい。

*C60， 70の純度はHPLC!こより測定されています。

fイ(C5H山Fe} *C60 
*Bucky Cobaltocene-ionic hybrid C60 w/ Cobaltocene 

(η5-C5H5)2C02*C60 

*Complex C60 w/ Pt: (h2-C60)Pt(PPh3)2 

*Complex C60 w/ Fe: (h2-C60)Fe(CO)4 

*Complex C60 w/ Ni: C60 (h3-C5H5)Ni(h5-C5H5)2 

*Mixture of isomers C60F36 

*20-30九C13enrichedC60=99.0切

*Higher Order Mixed Fullerenes(C76，78，84) 
*New Endohedral Metallofullerene Gd@C82 

*Halogenated Fullerenes 
1.C60Br24 

2.C60C16 
3.C60Br8Br2 
4.Mixtures of isomers of C60F36 

/ Aminocapronic(A) and w/ Aminobutyric(B) acids)w/unique solubility in water 
(50mg/ml) 

(A)C60(H)NH(CH2)5COO-NA+ 

(B)C60(H)NH(CH2)3COO-NA+ 

*PCBM(6，6-Phenyl-C61-Butyl acid-Methylester) 



株式会社十令

物質の状態依国体と液体撤くM スjです。

ガスは入れ物と配管がなければ、使うことができません。

また、 f都市ガスJや「プロパンガスJだけがfガスjで、はありません。

現代社会の最先端を行く研究分野の中で、分析装置、レーザー設備、半導体設備、燃料電池、

触媒設備でfガスjを使用しないものはほとんどありません。

お客様から要求されるガスの純度、安全管理、供給管理は年々高度化してきでいます

社は、工業用や霞療用、研究用に使用されるガス、および関連機器の

、それだけでは、お客様のニーズを満足させることはできません。 そ

で、要求される仕様を十分満たすfガス供給設備jの設計施工を手が

もも、常に知識技術の向上に努め、新世紀を生き抜ける企業を目指し、

かつお客様の成功に貢献していきたいと考えています。

株式会社十令

、末永いお付き合いのほど、よろしくお願い申し上げます

く〉一般高圧ガス

O 分析用標準ガス
く〉半導体製造用ガス

。特殊配管用弁類及び継手

く〉各種ガス供給システムの設計施工

半導体製造ガス供給システムの設計施工

お客様第一主義に徹します

本社〒464-0075 名吉屋氏千種区内山一γ巨24番9号(第2ダイワピル 3F) 

TEし (052)741-0288 FAX (052) 731-6617 

営業所〒470-0213 西加茂郡三好町文字打越字三本松30-30

TEL (052) 32-0621 FAX (052) 32-0623 

~Eメール氏 S附mai I@叩
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Flexシリーズにautoflexlll~ ultraflexlllが新登場。ラインナップがautoflex111 TOF， 

autoflex 111 TOF /TOF， ultraflex 111 TOF， ultraflex 111 TOF /TOF， microflex TOF 

になりました。

特許LlFT技衝により、極微量サンプルから超高速・超高態度で車越したMS/MS
データを得ることが可能です。また、バイオマーカー探索用ソフトウエアClinProTools、

Imaging MS用ソフトウエア'flexlmaging、細菌同定用ソフトウエアBioTyper'もリリースされ、

研究に合ったシステムをご選択いただけます。

autoflex 111 TOF /TOF ultraflex 111 TOF /TOF microflex TOF 

バイオマーカー探索用ソフトウエア flexlmaging 1.0による 細菌同定用ソフトウエア
ClinProTools 2.0 ゼブラフィツシユ切片のImagingMS BioTyper 1.0 

プルカー・ダルトニクス株式会社

・営業本部・テクニカルサポートセンター
〒221-0022
横浜市神奈川堅守屋町3-9
A棟6F
TEL:045-440-0471 
FAX: 045-440-0472 

掴大阪営業所
干532-0004
大阪市淀川区西宮原ト8-29
テラサキ第2ビル2F
TEL: 06-6369-8211 
FAX: 06-6369四 1118

-本社
干305-0051
茨城県つくば市二の宮3-21-5
TEL:029-852-3510 
FAX: 029-852-6729 



分析・試験装置のエキスパート

お客様の研究開発、品質管理、製造工程等、色々な分野におけるご要望に対し、総合的

なご提案が出来るように努めております。そして、新しい技術や内外の幅広い商品に関

する知識情報を生かし、皆様の発壊に貢献出来る事を希望しております。

.企業活動の基本方針

弊社の方針と致しまして“企業のコンブライアンスの遵守"“地球環境に配慮した経

営の推進" “地域社会に貢献し相互繁栄を考えた施策"などを重視してまいります。

eお客様の満足度を第一に考えた営業活動
装置の導入目的、技術評価、コスト、納期、アフターサービス等のお客様のニーズに

貢献できるよう、迅速な対応に努力し、お客様との信頼関係を大切に致します。

-取扱商品の充実

新しい技術や内外の幅広い商品に関する情報収集と共に知識の向上に努め、お客様の

立場に立ったご相談相手としてお役に立てる事を目標にしております。

取扱品昌

分析讃IJ定器・試験検査器・バイオ機器・理化学機器・実験用器具・実験室設備

環境計測測定機器・粉粒体測定装置・真空機器・その抱専用機器

株式会社三洋愈掌名古建支活

Analytical Instrument Sales Agency 

http://www.sanyo-shoji.co.jp 

〒450-0002 名古屋市中村区名駅三丁目 28番 12号大名古屋ピル12F

TEL 052-583-7070 FAX 052-583-7110 

E-mai1: nago@sanyo日 shoj i. co. jp 

大阪・神戸・四日市・名古屋



生命を構成する DNA。それは字窟の誕生から現在まで途切れることなく、全ての生命に受け継がれてきました。

しかし、もとをたどれば全宇宙!こ存在する虫も、動物も、そしてヒトも、全て向じものから載られているのです。
ω ω三ふ綴淡後後泌総ル

そこにはまだ、未知なる事¥機購職議みして医療・研究・開発者の前に立ちはだかり、

ことを待っています。

人々を糞心でお手伝い出来るのは、

が遺缶子として組み込まれているから。

できない機器・試薬の販売を通じ、

っています。

体
内
宇
宙

私たち F

設立当初から

理科研は、

J¥ 

の
挑
戦
。

策京都文京区本郷七γ白描1号
?区保381ふ概i1(代) FAX時 3818-侃89
茨城漂っくr:iTi高野台三γ目16戸2
1乱僻$砕2151(代) FAX 029-8持制1
千葉県柏市若費量197養地17
TEL斜-71待係5H代) FAX件 7135-6751
横浜市緑区十沼市場町901-31
TEL併5-9鈴お51(代) FAX 045-扮!Hi701
横浜市鶴見区朝日町一丁目特番地
TEL例5萩JJ-4551(.代) FAX似ら荻X>-4571
務関集毅束郡裳泉町下土知17番地1
TEL伎)5-9静1101(代) FAX路-900-1100

_J東京支底
'T11シα氾3

・つくば営業所
'T筑浴ω74

・袷営業所
'TZηべXl71

・神奈川営業所
千ZZ6ベ氾125

・鶴見営業所
'T2ぉα溜

量三重量営業所
千411-ω43

http://www.rikaken.co.jp 
E本 社名古屋市守山区元郷ニマ関107番地
苧4品8528 淀L002-7鈴-u151(.代) FAX服，..7鈴-6157

・岐阜営業所岐阜県波尊師岩地2γ自25番2号
'T荻XHl225 TEL僻 240-0721(.代) FAX僻 24ふ1鍛
B津営業所三重県津市丸之内養正問Iお養地1斗号
'T51械鴎 T乱 009-224-織1(代)開009司224-鈴71

・四日市営業所三重県四沼市市桜町"212端の1
'T512-1211 T旦係争32ふ邸H代) FAX C静 326部力

量務関営業所務潟市動言電話E広野3TI329齢号
〒421-0121 TELお4-2持3751(.代) FAX側一2品 3花5





E2立競{舎]正確沼

株式会社工υ冗二フス

ッション竃神宮次潤さ;解械置

ERA帽 8900FE
低加速でSEM鶴察し誌が§読料
襲薗の糧さ解析が可能。
低加速領域においても簡単に高性能を発接す

る新額十のTFE鷺子銃を搭載しました。横方向、

縦方向ともに分解能が様めて高く、 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本のこ決電子機出器を搭載。
マルチ方向から臨邑(TOPO)、組成(COMPO)、

通常のS日の3タイプの酷像が議分解能で簿ら
れます。従来のSEMで域間難とされた龍倍率で

の無影無明像、微細図凸像、緩やかなうおり牟

どの観察を可能としました。

EN丁目2100

自に開発した定点荷叢方式の採用Lこ

より、サンプルに庄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重負荷と義富検出

精度を飛躍的に向上させ、最小1，uN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でも安定した灘!定ができますO

http://www.elionix.co.jp/ 
本 社〒192柚0063東京都八王子市元横山町小ト6 TEL.042柑626-0剖1(代表) FAX.042開626-6136

大阪営業所宇563-00部大阪府油田市城南1-9畑22グリーンプラザ2FTEL.072-754四6999(代表) FAX.072-754由6990



kleindiek 

forEIεctron microscope 

Micromanipulator 
Linear table 

Semicondudor/MEMS/NEWS 
・Eleεtricalprobing 
• Failure analysis 

・ICtest&repair 
・τ正M紬 mplepreparation
• eBeam lithography 

・仁ellcounting 

Maを.erial舵 ience
• Manipulation 

• Electrical/Mechanical! characteri踊 tion

・Microinjectionin日EM
・子orcemea事urement

• Nanoindentation 

• SτEM 

• Scanning probe microsεopy 

AI))S額7ド・サイエンス
〒273-0005千葉県総橋市本町2-2-7サンテックピル TEL:047-434-2090 FAX:047-434-2097 http://www.ads-img.co.j 



TOYO~ハI\150
Inspiration for Innovation 

東洋炭素株式会社

本社 干530-0001大阪市北区梅田3-3-10梅田ダイビル10F Tel 06-6451-2114 Fax 06-645ト2186 www.toyotanso.co.jp 



く〉独自技術の光学システム(特許出願中)により、

従来の機種に比べて感度が大幅に UP

・独自の光学システムにより熱損傷の大幅軽減

o アプリケーションに応じて、カスタマイズ可能
4砂深さ分解能0.5μm

。装置の小型化実現

・低価格

SNR-6001 

測定条件スバッタ法 H，.基板温度 200
0
C，圧力 25Pa，

膜厚 300~400nm，基板コーニング、#7059

(東海大学工学部電気電子工学科磯村雅夫教授ご提供)

四重極質量分析計本体

四重極マスフィルタ

Extrel 
CoreMa田 S世ctrorr官t官 S

Extrel CMS社は40年以上の経験を持ち、質量分析にお

いては「高質量」、「高分解能」を得意としております。

また、ユーザの分析目的に応じてシステムを自由に構成

することができ、様々なアプリケーション・ソリューションに

対応可能です。

<アプリケーション>

O カーボンクラスター・水クラスター等のクラスター分析

・ 2次イオン質量分析(SIMS)

o HeとD2の分離等の超高分解能質量分析
・最大9，OOOamuまでの高質量分析

O 分子ビーム源・プラズマ源による質量分析

・サーマルディソープション・レーザディソープション等

の表面脱離質量分析

三洋貿易株式会社科学機器事業部
干101心062 東京都千代国区待問駿河台4了霞 2~書5号

トライエッジ御茶ノ水
TEL03幽5296幽9570FAXω幽.3252-2882

URL: h社p:llww官.sanyo-si.ωml e-mail: info喝i@sanyo.trad加g.cojp



リサイクル分取HPLCは]AIのLC・9000シリ}ズl

Preparative HPLC nu 
n
 

lModel LC・91041!自!号沿

+LC・9104 大量分叡モデル
専用のGPCカラム (40φx600 mm)を装着すれば、試料
処理量は、 LC-9101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-9101 
標準モデル
専用のGPCカラム (20<t 
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。

+ LC-91 02/91 03 
グラジエントモデル
グラジヱントとリサイクルが
ワンタッチで切替えられます。

+LC・9201/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。

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 

東京都西多摩郡瑞穂町武蔵208
大阪市淀川区東三国5-13-8-303

a・・・・・・・・・・・脳幽幽白幽幽岨

高分子分析の未来と取り組む!

際軍曹輯
FAX 042-557-1892 
FAX 06-6393-8525 

TEL 042目 557-2331
TEL 06-6393-8511 

〒190-1213
干532-0002

口本社・工場:
口大阪営業所:
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を合言葉にナノテク新材料

naげotech
HIMADZU 

直径測定
精製前後家主観察
CNTとボリマーコンボシ、ツト
試料の観察

幾分散・凝集過程評価

ナノ粒子筏分布測定装置

SALD-7100 

畿比表面返吸着特性
マイクロメU安被援ヲス

高速比表面積細孔分布測定装置

アサップ2口20シリーズ



ナノテクノロジーを活用した製品は日進月歩で開発が進み、続々
と市場に登場しています。さらに、これかうのナノテク実用化を目指
した各分野の研究開発も着実な進歩を見せており、産業界や自治体
からの期待は高まる一方です。
08年初頭より、半導体産業新聞は「週刊ナノテク」と統合し、各方
面からの大きな期待を背負うナノテクノロジーそ精力的に追いかけ
ていますが、今回、「週刊ナノテクJの魂を継承し、当社がこれまで

2008年発刊スケジ、ユール
Vol.1 :2008年2月8日発行

堵ってきたナノテクの取材ノウハウをフル活用した新媒体として、
『季刊ナノテク読本Jを企画いたしました。この媒体は、エレクトロ
二クス、エネルギー、環境、ライフサイエンスなど様々な分野で芽吹
いているナノテクノロジーの現在を、豊富な取材データをもとに備
撒し、その将来像を展望することを主眼においています。また、ナノ
テクノロジーに関連性の深い圏内展示会・学会ともタイアップし、その
見どころをご紹介していきます。年4回の発行を予定しております。

機広告料金

スペース | 普通版

I nano tech 2008J IFC EXPO / PV EXPOJ特集号
Vol.2 : 2008年6月下旬発行予定

4色 1ページ￥350，00O(税込:￥367，500)

2色 1ページ￥250，OOO(税込:￥262，500)

1色 1ページ￥200，000(税込:￥210，000)

2色1/2ページ|￥150，000(税込:￥157，500)
「国際バイオEXPOJIマイクロマシン/MEMS展J特集号
Vol.3 : 2008年8月下旬発行予定
12008分析展」特集号
Vo1.4: 2008年11月下旬発行予定
「セミコン・ジャパン2008J特集号

e : 1胃?零吉需罫龍帯開z3罫J?口?巴;

1色1/2ページ|￥120，0∞(税込:￥126，000)

1色1/3ページ|￥80，0∞(税込:￥84，000)

襲撃広告原稿サイス‘(天地mmX左右mm)

スペース

1 ページ

ヨコ1/2ページ

ヨコ1/3ページ

一一一一一一一「ー

自訴切版

280X208 

半導体工場ハンドフ.ツク2008~穏昆i岩i?5翠E語i監昔:ごf詑ご;:4 ∞
アジジEア半導体/鷹液品ハンド阿フプ妙ツク2007明智4暫f詰程?芝?謂E措i籍語慎盟?紅官ぷ諸警
半導体産業会社録型炉軍需gzrZ21)
縮・PDP・ELメーカー計画備型自P零fi普17ffr::
半導体産業計画総覧哩話伊能諮22519一…円)
プリント回路メーカー総覧雫理F警務22智弘 800円(本体1 日円)
太陽電池産業総覧2007i言語翠審議議官官鰐
燃料電池産業総覧2008暫離帯艶黒柱)
ナノテク産業総覧 詰詰諮i括合!?i)



ナノ粒子の分離用 HPしCカラム

・・・カーボンナノチューブ(CNT)、金属コロイド粒子・・・

世~やの SEPAX 私が挽 a 同発Lた均一ボシナノチューブ嶋カラム CNTSEC

長会、千ュー"lC;)向径にぷる分撞・・・カーボンナノチューブ専用ゲルろ過カラム

会 司培位され1e1l-ポシナ/千ュー吹奪長会li直径を分離するごと~O)出来るすI弓白で竜彦。

女 充援lIJI宮、 SEPAX社独自0)技術iこみ1.，表面加工壱施し1:dii1.).可擢化され1e1lーポンナ/子ュー

"lが拘弓o肉に吸事告し手せん。(高回収率 95%以上)

大 拘ーポシナノ千ューτ0)長念、車径に応じZ、4種額0)細孔直径ぬ充嬢剤 C300-2000A)が同

意されZい号告す。官Fた、分析レベ11.(数百ngレパ11.)か勾分取・精製レパ11.(数mg手記除去れ

以上)音量で11弓oo)向径 (4.6-2J.2mm)、長会 (30.....250mm)診と毎をろえ乞い参場。

ssDNAで可溶化されたカーボンナノチューブ

(AFM画像、Dr.MingZheng et al， Science 2004) 

25~250nm、直径 1 ~lOnm 

lOO~õOOnm、直径 1 ~25nm 

300~lOOOnm、直径 1 ~50nm 

ssDNAにより可溶化された DNA-wrappedCNTをSepax社 CNTSEC-300、CNTSEC-1000、CNTSεC-2000、(各

4.6x250 mm， 5mm)の3本連結により分離・分取(移動相条件。.1M Tris + 0.2 M NaCI， pH 7.0、流速:0.25mLlmin)

(Huang et al， Anal Chem. 2005，77，6225) 

L04  

o 0.2 j 

0.0 t-一一一J
1口 20 30 

Time (min) 

40 

カラムの価格につきましては、弊社Webサイトをご覧ください。

v 

http://www.technosaurus.co.jp/product/sepax_SEC.htm 

工6I~機器株式会粧
日東京
千162-0805

口大阪
千532-0005

50 

}。

東京都新宿区矢来町 113番地
TE L: 03-3235-0661/FAX: 03-3235-0669 

大阪市淀川区三国本町2丁目 12番4号
TEL:06-6396“05011 FAX:06-6395・2588

www.technosaurus‘co.jp 

口福岡
〒812-0054
福間市東区罵出 1了間 2番 23号
TEL:092-631-1 0121 FAX:092可641-1285
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チューブ継手や各種バルブ、皆様にご存知頂いているスウェージロック社製品。実はそれら以外にも様々なラインナップが

あります。正力計、庄力トランスデューサ一、圧力レギュレーターなどの正力制御機器類。集積化システム、プラスチック製

品など。様々な産業界に何千もの流体に関わるコンポーネントとシステムを提供しています。また、特注品の対応、製品の

加工サービス、各種セミナーや技術トレーニングなどソリユーション・プロバイダーとしての体制も万全です。流体システムに

関するご相談を是非、名古屋バルブ・フィツテイング株式会社にお問い合わせください。

名古屋バルブ・フイツテイング株式会社

【本社】干467-0811名古屋市瑞穂区北原町ト33-2

TELじ:0閃52-一8邸53-一75引11FAX光:0閃52ト-8邸53ト-7河522E壬一ma問la閣叫a創副il:n上I:n川n問la昭goya卸v陣q刷uar白t包Z.o∞cn.ne

【四日市営業所】〒5引10か-0ω89引1四B市市日永西3-吃2-8

TEL:0593-45-5550 FAX:0593-45-9258 E-mail:navfyokk@fine.ocn.nejp 

URL:http://www.swagelok.cojp 
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F 、、
~/人\/\/\/口 CH3

んfぺ~，\

… 、ムノ〆
684457 100mg 119，000 i 

οC卜h

684465 
Phenyl-仁71一ButYrlc-Acid-Methyl

Ester， [70] PζBM，99% 
57.000 

684473 
Phenyl-C8S-Butyric-A仁川-M巴thyl

Ester， [84] PCBM， 99% 
185，800 I 100mg 

685321 
Phenyl血仁61一Butyric-A仁id-Butyl

Ester， PCBB， [60] P仁B-C4>97% 

684481 
Phenyl-C61-B utyric -Acid-Octyl 

Ester， PCBO，[60] PCB一仁8，99%

OCH3 

Thienyl-C61-ButYrl仁Acid-Methyl

Ester， [60] ThCBM， 99% 

Pentadeuterophenyl-C 61 

Butyric-Acid-Methyl Ester， 

d5-P仁BM.99%

円
U
円
U
、，ム司Jnu 

-

OCH3 

100mg 

。ALCl明院ザ
フラーレン、カーボンナノチューブ‘等の

ナノ材料を特集した、

Material Matters'M Vol.2 No_1 Advanced 
Applications of Engineered Nanomaterials 

(英語版)が発行になりました。

sigma-aldrich.com/matsciかSPDFを
ダウンロードいただげます。

日本語版印刷物配布中!

九

舵 d穐亀凶帥印

幹MaterialMatters™ 

第一線の研究者による、
テクニカルレビュー、
ァフリケーションノートを紹介した
=ユースレターです!

日本語版既刊

Vol.l NO.l 高分子材料

Vol.l NO.2 分子自己組織化

Vol.l No.3 セラミックおよびハイブリッド材料の

堆積/成長

Vol.2 NO.l ナノ材料の応用最前線 (08年 2月発行)

Vol.2 No.2 水素貯蔵材料 (08年 2月発行)
Vol.2 No.3 有機エレクト口二クス (08年 2月発行)

発行予定.

Vol.2 No.4 Advan仁巴dMetals and Alloys 

以下続刊

「新規登録および既存カタロタのご請求は、可
L 日本サイトか

置製昂に関するお問い合わせは、弊社テクニカルサポ 卜へ
TEL: 03-5796同7330 FAX: 03-5796-7335 
E-mail sialjpts@sial.com 

・在庫照会・ご注文方法に関するお問い合わせは、弊社力スタマーサービスへ
TEL・03-5796-7320 FAX: 03-5796-7325 

http://www.sigma-aldrich.com/japan 

S/GIVIA-ALDI円1CH™

シクマアルドリッチジャパン株式会社

干140-0002東京都品川区東日)112-2-24
天王洲セントラルタワ-4階



- A!H~ 霊童霊彊・!製品名 11 

川町λsProducm.未精製んてl-<盟-
恒'.D1;]刷 (精製品_1-< 15 wt% 
|HiPco@Su阿 lidli- 超高純産品_1-圃圏 5wt廻・

本件に関するお問合せ先

住友商事株式会社電子材事業部(担当河本/宮川
E-mail: nano@sumitomocorp.co.jp 
TEL : 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 





JASCO Corporation 

可換
議

む

NRS・3000シリーズは、操作性の向上を実現しました。試料のセットかうオートアライメント芯と、の

装置の最適化、測定まで、をスピーディーに行えます。また、低波数測定ユニットへの切替えもボタンひ

とつで行えます。測定結果の解析には、データベース機能を用い簡単検索、ジャスコキャンパスを用い

た簡単レポート作成機能があります。ラマン分析の可能性を大幅に広げました。

-特長
争ユーザーフレンドリーな操作性を実現

ダイレクトドライブ方式のモノクロメ一世と高性能ノyチフィJレ女の組合わせにより、

高い波数精度・再現性と高感度化を実現

参クレティングを最大3枚搭載でき、多様な測定に対応

レーザを最大6台まで搭載可能

日本分光独自のSRI機能 (SRI:Spacial Resolution Image) 

によりPCモニヲ上で試料像とアパーチャ像およひやレーザビ ムを同時観察
参コンフォーカル光学系により深さ方向の測定が可能

鈴イメージング測定に対応可能

多オートアライメント機能によりシステムの安定性を追及

レーザ放射安全基準Class1の安全性を確保

参スペクトル検索プログラムおよびデ タベースを標準搭載

酸イヒビスマスのラマンスペクトル

.シリコンパターンのマッピンク測定例

マッピング測定で機能と操作性が向上しました。酉像情報をもとに測定者が国像

よでマウスを使って、測定工リアを指定できます。また、測定中のテ" タを色分

け図で表示する乙とで測定結果をリアルタイムで確認することができます。

低波数測定ユニットは、無機物などの格子振動低波数域を精度よく測定する場

合に有効に主主ります。
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フラーレンの化学と物理
篠原久典/鷲藤弥八著 わが国でこの分野をリードする著

者による、最も基礎となる概説書。発見までの背景や、物

理・化学の基礎、バラエティ豊かな性質を、フラーレンを

中心にカーボンナノチューブまで解説する。 5775円

物理仮想実験室
-3Dシミュレーションで見る、試す、発見する
土井正男/滝本淳一編付属のCDを使って、振り子の運
動や光の屈折などの問題を、条件を変えながらコンビュー

タの中で「実験」できる、新しい形の教科書。 4410円

やさしい有機光他学
伊津康司著 物質が光を吸収すると何が起きるのか。近年

大きく発展を遂げた光化学の基礎から、ベンゼン類などの

有機化合物が光特有の反応を起こす仕組みまで丁寧に解説、

有機光化学の入門として最適の書。 2940円

放射線安全取扱の基礎[第三版]
ーアイソトーブからX線・放射光まで一

西濃邦秀/飯田孝夫編 人体への影響や放射線計測手法、

諸法令など、放射線を扱う上で必要な知識を、図・写真を

多用し幅広く解説。最新の障害防止法に全面対応。 2520円

〒刊4刊州叩…6“俳州4←川司寸0

-im官官軍司汀冒冒

疑似科学と科学の哲学
伊勢田哲治著 占星術、超能力研究、中国医学、創造科学

……これらはなぜ「疑似科学」と言われるのだろうか。科

学のようで科学でない疑似科学を通して、科学とは何かを

解き明かしていくユニークな科学哲学入門。 2940円

誰か科学技術について考えるのか
ーコンセンサス会議という実験一

小林簿司著 社会の中の科学技術のあり方をめぐって専門

家と市民が対話を行う「コンセンサス会議」。その実際を紹

介し、科学をめぐる公共空間について考える。 3780円

誇り高い技術者になろう
一工学倫理ノススメー

黒田光太郎/戸田山和久/伊勢田哲治編 プロとして責任

ある仕事をするために、何に配慮し、日々の仕事でどう行

動すべきか。指針を示し、判断のスキルを高める。 2940円

サナギから蛾ヘ
カイコの脳ホルモンを究める一

石崎去矩著 延べ三千万個の蛾頭をすり潰し、昆虫の変態

を司るホルモンの本体をついに解明一一研究者本人にしか

書けない、波調万丈の科学ドキュメント。 3360円

一一フロンティア出版のナノテクノロジー・ナノマテリアルシリーズ一一

|自己紹織化ナノマテリアル 1 lナノオプティクス・ナノフォトニクスのすべて 2 
ーフロントランナー85人が語るナノテクノロジーの新潮流ー 一ナノ光技術の基礎から実用まで一
企 画:理化学研究所フロンティア研究システム 監 修:河田聡(大阪大学/理化学研究所)

時空問機能材料研究グループ 編 集:梅田倫弘(東京農工大学)

監 修:国武豊喜(北九州市立大学/理化学研究所) 川田善正(静岡大学)

編集幹事:下村政嗣(北海道大学/理化学研究所) 羽根一博(東北大学)

山口智彦(産業技術総合研究所) ・体裁/85判・352頁・価格/57，750円(税込)

.f本裁/85判・392頁・価格/57，750円(税込)

|有機喫機・金属ナノチューフ- 一ιl -l'll ::t l'， 1'. -fj ~ l::t l" t. ~~ JI;~:置斑t:.~~司.miIi訂・・・・・

一非カーボンナノチューブ系の最新技術と応用展開一 編 集:前回龍太郎(産業技術総合研究所)

編 集:清水敏美(産業技術総合研究所) 津田廉士(九州大学)

木島問IJ(宮崎大学) 青柳桂一(マイクロマシンセンター)

・体裁/85判・330頁・価格/57，750円(税込) ・体裁/85判・285頁・価格/52，500円(税込)

|ナノ粒子の創製と応用展開 l Z~lI)1!J5J.，=，豆沼郡て:1âli1訴訟週掃miI=Jffl_
編 集:米運徹(東京大学) 一ナノインプリントの基盤技術と最新の技術展開ー

.体裁/85判・322頁 .価格/57，750円(税込) 編 集:平井義彦(大阪府立大学)

・体裁/85半1].281頁置価格/52，500円(税込)

!ナノコンポジットマテリアル E |ナノバイオヱンジニアリングマテリアル I 

一金属・セラミック・ポリマ-3大物質のナノコンポジットー ーバイオインターフェイス・ナノバイオフ。ロセッシング
編 集:井上明久(東北大学) ./(，イオコンジ‘ュゲーション・バイオマトリックスー

・体裁/85半Ij・363頁・価格/52，500円(税込) 監 修:石原一彦(東京大学)

・体裁/85判・350頁・価格/52，500円(税込)

フロンティア出版@ 干110-0012東京都台東区竜泉1-21悶18 TEL: 03-6802-164o FAX:03-6802-1641 E-mai1: inlo@lrontier-bookS.com 
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株式会社 マシナックス
代表取締役佐野隆治

干454-0856 名古屋市中川区小碓通2-6

T E L 052-654-5021({司 FAX052-654-5125 

オフィス家具

室内装飾

学校関連

HP http://www.mashinaxjp/ 

メーjレ mashinax@sf.starcat.ne.jp 

菱田商庖会社案内

メーカー(既製品) オカムラ・コクヨ・プラス等
木製家具 好みにあわせて作ります

ブラインド 立)1¥.日米
カーテン・カーペットスミノエ・サンゲツ・タジマ等
床仕上げ フリーアクセス・Pタイル・ロンリウム等
クロス ノレノン・サンゲツ等
間仕切り 各種ハ。ハ。ーティション

黒板・ホワイトボード・掲示板
実験台・薬品棚・吊棚

既製品から特注品まで、もちろん取り付けます。

(有)菱田商庖 名古屋市緑区浦里4-207
Tel 891-8125 
Fax 891-3957 



• • フロンティアカーボン(株)のnonom フラーレンおよびフラーレン誘導体サンプル一覧
2008年2月1日現在

銘柄 分子構造 純度(HPLC面積%、代表値) 取扱数量

55T 99 10g以上

nanom陸urple Tl @ 99.5 5g以上

フラーレンC60 su 99.5/昇華精製品 2g以上

55り峠 99.9/昇華精製品 19以上

nanon百 oran~3e ST 、ミ 97 19以上u '1 ~ 
フラーレンC70

ミ、、

~ ，:I， su 98/昇華精製品 0.5g以上

nanon苦吟羽X
Sす 。。 C60:約60、C70:約25

50g以上
フラーレン混合物 (その他・高次フラーレン)

nanQnlspectra E100 

面PCBM 99 19以上

(Qhenyl豆61-Qutyricacid methyl ester) 

nanom spectra E200 hs PCBNB 99 19以上

(旦henyl!;.61-Qutyric acid n-Qutyl ester) 

nanom spectra藍210

話PCBIB 99 19以上

(Qhenyl !;.61-Qutyric acid j同Qutylester) 

nanon唱spectra藍110

世話 99 (異性体トータル)
C70PCBM 位置異性体の混合物

0.5g以上

(Qhenyl !;.71-Qutyric acid methyl ester) 

銘柄 分子構造 内容 取扱数量

nanom s設ectraD100 ⑪:J日C混60合OH物n n=10を主成分とする 2g以上
水酸化フラーレン

(n=ca.10) 

nanom s笹ectra霊UOO
グ y 守

Gと60すOn n=1および2を主成分 2g以上
酸化フラーレン bー、~ る混合物

(n = 1-2が主成分)

nanom spectra A100 即日 C60Hr物I n=30を主成分とする 2g以上
水素化フラーレン 混合

(n = ca. 30) 

nanon百spectraG100 

dM 純度(HPLC面積札代表値)99 
19以上

銘柄、取扱数量等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。

試験研究用として2008年4月以降、関東化学(株)からも上記フラーレンおよびフラーレン誘

導体をご購入いただけます。取扱銘柄等の詳細は下記にお問い合わせ下さい。

関東化学株式会社試薬事業本部
干103・0023東京都中央区日本橋本町3・11・5TEL:03・3663凶7631FAX:03圃3667・8277
http://www.kanto.co.jp E・mail:reag-info@gms.kanto.co.jp 

尚、従来開様、第一実業(株)、他からもご購入いただけます。



.nanom purple(C60)およびnanomorange(C70)各グレードの分析値

nanom purple (C60) nanom orange(C70) 
銘柄

ST TL SU SUH ST SU 

C60(HPLC面積%) 99.4 99.8 99.9 >99.9 0.3 0.1 

C70(HPLC面積%) <0.1 ND 0.1 ND 99.4 99.9 

フラーレン酸化物(HPLC面積%) 0.6 0.2 ND ND 0.3 ND 

残溶媒(GCwt%) O 幅8 ND ND ND 0.4 ND 

.nanom purple 8Tおよび、nanompurple 8UHのHPLC

nanom purple SUH nanom purple SUH 

C60 
nanom purple ST 

C60 

フラーレン酸化物

.nanom purple 8T(C60)およびnanomorange 8T(C70)のUV/V18スペクトル

0.9 

0.8 「一

0.7 一ーnanompurple (C60) 

0.6 
c/) 

l ……nanom orange (C70) 
妻05

0.4 

0.3 

0.2 

0.1 

O 

200 250 

くお問い合わせ先>

300 350 400 

波長(nm)

フロンティアカーボン株式会社営業販売センター

450 

http://www.f-carbon.com ιmail:fcc-ho-contact@f-carbon.com 

500 550 
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t.正弊社取扱駐車gj夕方欄群
[60] [70] [84] PCBMフラーレン
高次フラーレン(C76，C78，C84)
水溶性フラーレン
C60 (OH) 6， C60(OH)22-26，C60(OH)24， 
C60(OH)18之2(O-K+)4フラーノール
アミノ酪酸フラーレン誘導体
アミノカプロン酸フラーレン

高純度多層力ーポンナノチューブ
高純度単層カーボンナノチューブ、
水溶性ナノチューブ、
SWN丁目COOH，SWNT-NH2，SWN丁目PEG，SWNT-SH
|¥t1WNT-COOH，MWNT-NH2，MWNT-PEG，1¥t1WNT-SH 

金ナノ微粒子，0.01%金，2'"""'-'50nm
Dextranコート，0.01%金，10'"""'-'50nm
PEGコート，0.01%金，10'"""'-'50nm

ビスマロン酸工チルフラーレン
C13安定同位体置換フラーレン
Gd@C82金属内包フラーレン
La@C82金属内包フラーレン
Anti-HIVフラーレン
C60F36，C60F48，C60Br24フラーレン

大口径カーボンナノチューブ、
2層構造力ーボンナノチューブ
力一ボンナノチューブ-フィルム[Cu，Si，Ni，Graphite]
カーボンナノチューブ・力ソード[Cu，Si]

Biotinラベル，0.01%金，5'"""'-'50nm
Streptavidinラベル，0.01%金β'"""'-'50nm
その他銀ナノ微粒子

ニッケル，コ)，)[ノト，フエロクロム，フエロマンガン，フェ口パナジ、ューム，亜鉛，チタン，スズ，アンチモン，タンク、、ステン

金，銅，ニッケjレ，透過率(36'"""'-'98%)，標準サイズ:279x279mm

1 .元素材料 2.非酸化物ナノ化合物
Au，Ag，AI，Cu，Fe，ln，Mo，Ni，Si，Ti，W，Zn BN，GaP，lnP，SiC，TaN，TiC，TiN，WC，WC/Co 

3.酸化物
AI203，A12(OH)3，B203，BaC03，BaFe12019，BaS04，BaTi03，Bi203，Ce02，CoFe204，CoO.5ZnO.5Fe204 
CoO，Co304，Cr03，Cr203，CuO，DY203，Er203，Eu203，Fe203，Fe304，Gd203，Hf02，ln203，ln(OH)3 
In203:Sn02上i4Ti5012，MgAI204，MgO，Mg(OH)2，Mn203，Mo03，Nd203，NiFe204，NiO.5ZnO.5Fe204
NiO，Ni203，Pr6011 ，Sb203，Si02Sm203，Sn02，SrAI12019，SrC03，SrFe12019，SrTi03，Tb407，Ti02 
VO，v203，V205，W03，Y2.98CeO.02AI012，Y3AI5012，Y203，ZnFe204，ZnO，Zr02，Zr02+ 

詳しいお問合せはこちら http://atr-atr. C O.j P 



:高純度l:l(:J1'i]フラーレン】

弊社では2007年10月より【60]PCBM純度99.9%及び
d5-【60】PCBI¥t1の製品を追加登録致しました。

尚、納期につきましては若干のお時間を頂く場合がございます。

詳しいお問合せはこちら http://www.atr-atr.(o.jp 

二円技術ー築く
内 株式会社ATR Z:22Z13751222700| 



近赤外盟光眼収分光j去による単層力ω iIfンナノチユ『ブを分析す のラポツ叶も

製品概要

ナノスペクトライザ TM(特許申請中)は藤容の皆様

のと要望に応むて設計が可能なユニーウで使い議い

分光雲?で、，jく性懸簿剤!こよりさ韓鱒カーボン・ナノチ

ューブ、 (SWNT)の組成を詳細に分析します。光学

系拭コンパクトで、専用ソフトウェア!とより装置の

謡範、データ分析、研究結果の報告が可能です。ナ

ノチューブ分光計に関する最先端の研究結業を土台

にし、サンプルを数秒間で自動的に分析します。

告半導性SWト打種には近赤外線蛍光周諜数として

知5れる特磁があD、励起j皮長者選択し、多チャン

ネjレ検出器列iこよりサンプルの発光スベクトルを高

精度で迅速に取り込み設す。そして、澱定済みのス

ペクトルを自動的に分析し、基縫を拡す特殊成分を

碗5かにし、半導性SWNT穫の (n，m)紹成をザ
ンブル中に提供します。さらに、相対的に明らかに

ざれたSWNT種の濃度を推定し、グラフエンシー

ト密や麗穫ヒストグラムといったデータを表やグラ

フ!ζ表示します。按た、ナノスベクトライザは迅速

近赤外線吸収分光計であり、限収特性と発光特牲と

の比較により分散状態を質的、最的に評価し、ナノ

チューブの完成度を判定します。

聾 麟接塊誠織強翠忌 亀雄投機事開器翠線夢路端摺湾機

嚢寵萄額調理華院道筆一 1;;:';;;墾盟諸F炉開司歯縛備自民錨臨白色伝ム盈.-_~ニ:AI:'"輔遁趨""よごご".糊揚麓白譲二ニ..  盈麓麺覆麺麺扇面震調盟届鑓鶴
櫨鍾彊鑑定~函''''麓碩IILf"". 繊維密舗網."鷹廻震警合ゐ E面込:;dW.岨..溜麗零封絞殺判・_.島-・簿潤蝿腫観臨霊-萄罷扇爾
鍾盤軍習事 Z藩~.=r警鐘準縄IF.ii全車覆嘉穂鶴喜n-:J藍舗喝11韮謂司島亨議l:町議練場罷電穂積辺嘉蜜宮窪麗盤艶璽窟窟語翻語

艶ナノチューブ製議蝶禰蕎

，製造工翠の…翼性老監揖母

勢加工染件を調整し、製品の鑓成

を樹櫛静

橿ナノチユ澗鵬ブのユω!ザ

-受け入れたSWNT材料の特性

と品質を評髄。

.SWNTの分散を襲的に評器。

漉ナノチュープ額究者

SWNTサンプルの組成を判定器

'SWNTの構造的草分類方法の

考案。

-構造中心!こプロセスを研究母
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