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一般講演 14 : 00 - 15: 00 阿知波洋次

一般講演 15:15 - 16:15 河合孝純

ポスタープレビュー 16: 15 - 16: 55 前回優

ポスターセッション 16 : 55 - 18: 1 5 村上陽一

3月4日(水)

時 間 座 長

特別講演(今堀) 9:00 - 9:30 中嶋直敏

一般講演 9:30 - 10:30 菅井俊樹

特別講演(亘理) 10 : 45 - 11 : 15 宮津薫ー
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3月2日(月)

特別講演発表25分・質疑応答5分
一般講演発表10分・質疑応答5分

ポスタープレビュー 発表1分・質疑応答なし

特別講演 (9: 00-9 : 30) 
IS-1 コンビナトリアル手法による単層カーボ、ンナノチューブ、基板上成長の研究

0野田優

一般講演 (9: 30-1 0 : 30) 
ナノチューブの物性
1-1 水分子内包単層カーボンナノチューブからの近赤外蛍光スベクトル

0千足昇平、花島干城、水戸部涼太、本間芳和

1-2 単層カーボンナノチューブの励起子遷移エネルギ←の環境効果
0葉子藤理一郎、佐藤健太郎、塩見淳一郎、丸山茂夫

1-3 単一カーボンナノチューブの低温磁気光学分光

0松永隆佑、松田一成、金光義彦

1-4 紫外領域における単層カーボンナノチュ←ブの光学的性質
0高木祥光、岡田晋

交交交交官公安 休憩 ( 1 0 : 30-1 0 : 45) 交交交安交交

一般講演(1 0 : 45-11 : 45) 
ナノチューブの物性
1-5 ドライプロセスでフレキシブル基板上に作製したSWCNT超薄膜の電気・光学特性評価
0斎藤毅、ビカウ、ンュクラ、湯村守雄、飯島澄男

7 

8 

9 

10 

11 

1-6 ボロンドープ単層ナノチューブ薄膜における超伝導の圧力依存性 12 
松平将治、 O春山純志、中村仁、清水台生、江口豊明、西尾隆宏、長谷川幸雄、佐野浩孝、
家泰弘、J.Reppert、A.M.Rao

1-7 室温におけるカーボンナノチューブの電流ー電圧特性評価 13 

0東城友都、原智子、村本祥隆、横前拓也、林卓哉、金降岩、遠藤守信

1-8 リモートプラズマCVDtこ合成された低温成長CNTのナノサイズビアにおける電気特性評価 14 
0飯塚正知、石丸研太郎、横山大輔、岩崎孝之、由比藤勇、竹内輝明、佐藤信太郎、 J瓶瑞久、
粟野祐二、川原田洋

女大交交交安昼食 (11: 45-13 : 00) 古女史食安安

一般講演 (13: 00-14 : 15) 
ナノチューブの物性
1-9 垂直面己向単層カーボンナノチューブの熱伝導率の特性 15 
0石川桂、田中三郎、宮崎康次、塩見淳一郎、丸山茂夫

1-10 ピーポッド構造と多層カーボンナノチューブの熱伝導における分子動力学シミュレーション 16 
0西村史生、渡辺一之、山本貴博

ト11 分光電気化学測定による単層カーボンナノチューブの電子準位の直接決定 17 

O田中泰彦、平今康彦、中嶋直敏

ト12 非開口ナノチューブにおける自発分極 18 
0大谷実、岡田晋

1-13 張力下におけるカーボンナノチューブへの水素吸着特性 19 
0河合孝純、宮本良之

lV 



3月2日(月)

育大大安安食休憩 (14 : 1 5-14 : 30) 交安食安安安

一般講演 (14: 30-1 5 : 45) 
ナノチューブの応用
ト14 低温下でのアザフラーレンCS9N内包単層カーボンナノチューブにおける光誘起電流の観測 20 

0李永峰、金子俊郎、畠山力三

ト15 高純度半導体単層カーボンナノチューブを用いた薄膜トランジスタの性能向上 21 
0藤井俊治郎、田中丈士、金赫華、宮田耕充、菅洋志、内藤泰久、三成剛生、宮寺哲彦、
塚越一仁、片浦弘道

1-16 カーボンナノチューブr黒体:垂直配向SWNTによる高効率光吸収体 22 

0水野耕平、石井順太郎、岸田英夫、早水祐平、保田諭、二葉ドン、湯村守雄、畠賢治

1・17 共鳴ラマン分光法によるカーボンナノチューブベJV硬化性樹脂ナノコンポジットの分散性評価 23 

0福丸貴弘、藤ヶ谷剛彦、中嶋直敏

1・18 カーボンナノチューブ/高分子ゲ、ル複合体の近赤外光誘起相転移 24 

0森本達郎、藤ヶ谷剛彦、中嶋直敏

ポスタープレビュー(1 5 : 45-16 : 25) 
ポスターセッション (16: 25-1 7 : 45) 

ナノチューブの物性
lP-l Molecular Geometry and Electronic Structure ofSingle Wall Carbon Nanotube in Non-equilibrium States 51 

Somphob Thompho、OraphanSaengsawang、UthumporuArsawang and OSupot Hannongbua 

lP-2 STMを用いた単層カーボンナノチューブの欠陥エンジニアリング 52 

0海老根裕太、 MaximeBerthe、吉田昭二、谷中淳、鈴木哲、住友弘二、武内修、重川秀実

lP-3 不純物置換したカーボンナノチューブの第一原理計算 53 

0是常隆、斎藤晋

lP-4 圧力一定分子動力学法による直径の細い単層カーボンナノチューブの相転移研究 54 

0樫井誠大、斎藤晋

lP-5 ボロンドープカーボンナノチューブのマイクロ波CVD法による合成と評価 55 

0渡遺徹、水口佳一、津田俊輔、山口尚秀、高野義彦

lP-6 多層カーボンナノチューブの低温磁気伝導における位相緩和現象の観測 56 

OM.Kida、T.Hatori、Y.Nakamura、Y.Togashi、N.Aoki、J.P. Bird、Y.Ochiai

lP-7 二層カーボンナノチューブ、におけるブリージングモードの温度依存性 57 

0寛仁志、内藤亮治、蓮池紀幸、木曽田賢治、西尾弘討、一色俊之、播磨弘

lP-8 カーボンナノチューブの仕事関数 58 

0加藤幸一郎、斎藤晋

lP-9 ボロンドープ単層カーボンナノチューブFETの電気特性 59 

0清水台生、春山純志、佐野浩孝、家泰弘、江口豊明、西尾隆宏、長谷川幸雄、 Jason Reppert、
Aooarao Rao 

lP-10 ラマン分光法によるCoMoCATナノチューブのレーザー照射と熱酸化の評価

0袴塚麻里、妻東哲、小島謙一、橘勝

lP四11 C60(OH)nによる単層カーボンナノチューブ、の分散

0前回優、加藤敬明、肥後淳基、長谷川正、土屋敬広、赤阪健、 JingLu、永瀬茂

V 

60 

61 



3月2日(月)

1P-12温度勾配をもっカーボンナノチューブにおける質量輸送 62 
0志賀拓麿、高橋徹、 E.R.Hemandez、渡辺一之

lP・13半導体単層ナノチュ←ブFにおける欠陥状態のエネノレギー準位 63 
0佐々木健一、若林克法、斎藤理一郎

lP-14多層ナノチューブ、断面における波状変形の機構解明 64 
0佐藤太裕、島弘幸

lP咽15電解質プラズマ中におけるイオン液体照射単層カーボンナノチューブの電気特性 65 
0唐津佑、金子俊郎、畠山力三

lP-16 トリフェニレン誘導体により溶液・固体中で安定に孤立分散した単層カーボンナノチューブの調 66 
製

O山本竜広、加藤大

lP-17単層カーボンナノチューブのラマン共鳴分光におけるGバンドスベクトル 67 
0朴珍成、佐々木健一、苦手藤理一郎、 GeneDressselhaus、Mildred S. Dresselhaus 

lP-18多層ナノチューブ・酸化ボロン混合体の水素雰囲気高温処理により作製される磁性多層ナノ 68 
チューブ

O遠藤宏紀、坂東俊治、飯島澄男

lP-19局所ゲート顕微鏡によるCNT-FETの電気特性評価 69 
0沖川イ有揮、岸本茂、大野雄高、水谷孝

lP-20ボロンドープ単層ナノチューブ薄膜におけるマイスナー効果の圧力依存性 70 
O中村仁、松平将治、春山純志、清水台生、江口豊明、西尾隆宏、長谷川幸雄、佐野浩孝、
家泰弘、J.Reppert、A.M.Rao

1P-21カーボンナノチューブ・フォノンファイパーに関する分子動力学計算 71 
0山本貴博、西村史生、高橋徹、渡辺一之

lP-22炭素ナノワイヤのエネノレギー論と電子構造 72 
0岡田普

内包ナノチューブ
lP-23ナノチューブとピーポッド、のバルク構造解析のための実験室高分解能X線回折計 73 
0青柳忍、、西堀英治、北浦良、浬博、坂田誠、篠原久典

lP-24ナノチューブ?内部での単層ナノチューブ成長 74 
0伊豆好史、塩見淳一郎、丸山茂夫

lP-25第一原理計算による酸素内包単層カーボンナノチューブの電子状態予測 75 
0原田啓太郎、松田和之、真庭豊、手島正吾、中村書

lP-26単層カーボンナノチューブ内における水クラスタの誘電特性 76 
0三上史記、松田和之、真庭豊

lP-27金属内包フラーレンピーポッド(Gd@CS2)n@SWCNTのSTM/STS測定 77 

0大橋一範、飯島祐樹、今津直樹、北浦良、篠原久典

lP-28カルシウム原子内包による大気安定n型単層カーボンナノチューブトランジスタの作製 78 
0清水哲弘、加藤俊顕、大原渡、畠山力三

lP-29 Encapsulation ofRoom Temperature Ionic Liquid inside Single-Wall Carbon Nanotubes 79 
o Shimou Chen、RyoKitaura、andHisanori Shinohara 

Vl 



3月2日(月)

炭素ナノ粒子
1P-30気相におけるポリイン類の電子スベクトルおよびフラグメンテーション
O山田武史、和田資子、若林知成、奥田晃史、生方正章

1P-31溶液中におけるポリイン ヨウ素錯体の形成
0和田資子、若林知成、民田良一、加藤立久

1P-32熱処理によりランタンカーバイドを生成するフラーレン煤のキャラクタリゼーション
0山本和典、赤阪健

1P-33アルコール蒸気を用いた高密度炭素アーク放電法による多面体グラファイト粒子の形成
0片桐洋次、小塩明、小海丈夫

その他

80 

81 

82 

83 

1P-34 C60-PANIとC60・PTFE複合フィルムの合成特性、構造と形状 84 

ビクトルカザチェンコ、三重野哲、 Oイハル ラザナウ

1P-35発煙硝酸を用いた新規SWNT官能基化 85 
0北村啓、関戸大、竹内久人、大野正富

1P-36鉄電極によるオリゴアセンへのスピン注入の理論研究 86 
0加藤良降、笛野博之、田中一義

1P-37 Density-functional tight-binding mo1ecular dynamics simulations ofthe self-capping process in open-ended 87 
(n，n) SWCNTs (n=3 to 10) 
OHironori Hara、StephanIrle 

1P-38アルカリ土類金属ー黒鉛層間化合物の作製と超伝導探索 88 
0平郡諭、木全希、小林本忠

1P-39イオン移動度測定のためのイオンRFデバイスの特性評価 89 
0菅井俊樹

1P-40グラファイトコーンの一次元配列を有する垂直配向カーボンナノファイパーの成長 90 
O山崎貴之、小塩明、丹後佑太、今井智仁、小海丈夫

Vll 



3月3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

ポスタープレビュー 発表1分・質疑応答なし

特別講演 (9: 00-9 : 30) 
2S・2 フラーレンナノマテリアルの合成と評価 2 

0宮津薫一

一般講演 (9: 30-1 0 : 30) 
フラーレンの環境と安全評価町金属内包フラーレン
2-1 フラーレンC60のinvitro評価における影響要因の検討 25 

0堀江祐範、西尾敬下、篠原直秀、加藤晴久、中村文子、藤田克英、衣笠晋一、遠藤茂寿、
岩橋均、吉田康一、中西準子

2-2 ブラーレンC60のキャラクタリゼーションE細胞応答に関する検討 26 

0西尾敬子、堀江祐範、篠原直秀、加藤晴久、中村文子、藤田克英、衣特晋一、遠藤茂寿、
岩橋均、吉田康一、中西準子

2-3 SC2C82の構造決定と分子変換 27 

0栗原広樹、山崎裕子、溝呂木直美、生沼みどり、土屋敬広、永瀬茂、赤阪健

2-4 SC2C2@C82 (II)の紫外光電子分光 28 

0宮崎降丈、青木雄祐、徳本煩治、隅井良半、沖本治哉、梅本久、伊藤靖浩、篠原久典、
日野照純

"*ヲ公安"*女史休憩 ( 1 0 : 30-1 0 : 45) 女史育大安安

一般講演(1 0 : 45-11 : 45) 

フラーレン固体とフラーレンの化学
2-5 PCBMに関連した界面における電子準位接続:PCBM/Ag基板・PCBM/フタロシアニン界面 29 

0赤池幸紀、金井要、大内幸雄、関一彦

2-6 次元ピーナッツ型CoOボリマーの朝永-Luttinger状態における幾何曲率効果 30 

0島弘幸、吉岡英生、尾上順

2-7 水素分子内包C60の物性 31 

0熊代良太郎、良知健、村田靖次郎、小松紘一、津博、小演芳允、川路均、阿竹徹、谷垣勝己

2-8 カーボンオニオンからフラーレンへの簡単な生成機構 32 

0尾形照彦、畳谷仁男

"*"*ヲ令官':("*女 昼食 (11: 45-1 3 : 00) 交交安交交女

授賞式(1 3 : 00-13 : 30) 

特別講演 (13: 30-14 : 00) 
2S-3 ライフサイエンス分野におけるフラーレンの事業展開 3 

O山名修一

一般講演 (14: 00-1 5 : 00) 
ナノワイヤー
2-9 有機溶媒中における炭素粉末のレ←ザーアプレーションによるポリイン分子の生成機構 33 

0若林知成、才川真央、和田資子

2-10 金ナノワイヤー内包単層カーボンナノチューブの合成とキャラクタリゼーション 34 

。小林慶太、北浦良、篠原久典

V1l1 



3月3日(火)

2・11 半金属分子ナノワイヤ・酸素分子内包カーボンナノチューブ 35 

O田中倫子、河合孝純、岡田晋

2-12 高充填・長尺銅ナノワイヤー内包カーボンナノチューブ 36 

0小塩明、鬼頭大信、中野寛之、藤原裕司、佐藤英樹、小海丈夫

*ヲ公安*安食休憩 ( 1 5 : 00-1 5 : 1 5 ) 育交安安安安

一般講演(1 5 : 1 5-1 6 : 1 5) 
グラフエン・ナノ炭素粒子
2-l3 ナノグラフェンの作製と化学修飾 37 

0高井和之、西村康寛、榎敏明

2-14 ハーフメタリックなアームチェアグラフヱンナノリボン 38 

0津田啓介、石井史之、斎藤峯雄

2-15 触媒膜厚制御によるカーボンナノチューブと多層グラフェンの選択成長 39 

0近藤大雄、佐藤信太郎、二瓶瑞久、粟野祐二

2-16 ー桁ナノパッキーダイヤモンド(SNBD)粒子表面上の多極静電ポテンシヤノレ場が与える影響につい 40 

て

O大津映二、何鼎、黄HOlリm、コロボフ・ミハイル、口、ンュコパ・ナタリア

ポスタープレビュー(1 6 : 15-16 : 55) 
ポスターセッション(1 6 : 55-18 : 1 5 ) 

ナノチューブの応用
2P-1 SiCの表面分解により合成された高配向CNTの電気二重層キャパ、ンタへの応用 91 

0加藤治夫、楠美智子、杉本重幸、杉原邦浩、山本信幸、藤田秀紀、柴田典義

2P・2 カーボンナノチューブミ表面で、のチトクロムcの電気化学的挙動 92 

冨永昌人、 O山口裕之、坂本伸悟、西村敏史、金子詩織、谷口功

2P-3 ln-situラマン分光電気化学測定法を用いたカーボンナノチューブの界面挙動解析 93 

富永昌人、 O坂本伸悟、西村敏史、谷口功

2P-4 N a C 1による直佳に依存しない単層カーボンナノチューブの酸化効果 94 

小林雄樹、 O佐野正人

2P・5 電界放出のためのカーボンファイパー上のカーボンナノチューブの成長 95 

0張奉館、伊藤陽一、林靖彦、岸直希、徳永智春、松本英俊、福薗一幸、種村虞幸、谷岡明彦

2P-6 Direct Growth of Single-walled Carbon Nanotubes Films and Their Opto-electric Properties 96 

OHuafeng Wang、KaushikGhosh、ZhenhuaLi、TakahiroMaruyama、SakaeInoue、Yoshinori Ando 

2P-7 Optical properties of single-wall carbon nanotube-P3HT composites 97 

OYe Feng、YasumitsuMiya旬、 KiyotoMatsuishi、HiromichiKataura 

2P-8 Ionization Vacuum Gauge with a Carbon Nanotube Field Electron Emitter Combined with a Shi巳ld 98 

Electrode 

O劉華栄、中原仁、上村佐四郎、晋藤弥八

2P-9 アルキル鎖をコアに持つポリアミドアミンデンドリマーを用いた単層カーボンナノチューブの可 99 
分散化
。池内亮太、内田哲也、藤井達生、高田潤、高口豊

lX 



3月3日(火)

2P-IO電子顕微鏡用に向けたカーボンナノチューブ電界エミッタの電界放出特性 100 

0草野賢和、安坂幸師、中原仁、斎藤弥八

2P-l1 フラロデンドロンを利用した炭酸カルシウム/単層カーボンナノチュ←ブ複合体の作製 101 

0筒井徹、高口豊

2P-12非定常短細線法によるCNTナノ流体の熱伝導率測定 102 

0森松武史、諸江将吾、高田保之、藤井主夫、鈴木信三、河野正道

2P-13単層カーボンナノチューブ子からの電界発光におけるゲート電圧依存性 103 

O日比野訓士、牧英之、佐藤徹哉、鈴木哲、小林慶裕

2P姐14カ←ボンナノチューブげからの電界電子放出に及ぼす炭化水素ガス吸着の効果 104 

O山下徹也、安坂幸師、中原仁、斎藤弥八

2P-15垂直面己向SWNT膜の色素増感型太陽電池対極への応用 105 

0大川j問、エイナノレソンエリック、塩見淳一郎、丸山茂夫

2P-16 Carbon nanotube growth on atomic force microscope cantilever by using liquid Co catalyst 106 

0郎建超、吉村雅満、上田一之

2P-17 SWNTへの金属蒸着の分子動力学 107 

0松尾哲半、堀見淳一郎、丸山茂夫

2P-18 ラインパターンカーボンナノチューブF冷陰極の作製および特性評価 108 

O白鳥洋介、古市考次、野田優

2P-19ボリベンズイミダゾール被覆化カーボンナノチューブからなる新規燃料電池触媒の開発 109 

岡本稔、 O藤ヶ谷剛彦、中嶋直敏

2P-20単層カーボンナノチューブ膜の透明導電特性とその膜厚依存性 110 

0羽場英介、野田優

2P-21 Defects on Multi-walled Carbon Nanotubes by Cobalt Oxide 111 
0金度賢、脇慶子

金属内包フラーレン
2P-22 La@CS2第三の異性体 112 

0久我秀徳、二川秀史、溝呂木直美、土屋敬広、生沼みどり、ズデネクスラニナ、赤阪健、
与座健治、永瀬茂

2P-23 Molecular and Electronic Structures of Di-erbium and Di-erbium-carbide Metallofullerenes Er2(C2)@CS2: 113 

Density Functional Theory Ca1culations 

o Jian Wang、StephanIrle、KeijiMorokuma 

2P-24電子ビーム衝突電離生成イオン性異種フラ←レンの選択照射 114 

0英洋平、金子俊郎、畠山力三、表研次、笠間泰彦

2P-25走査型トンネル顕微鏡によるオクタンチオール自己組織化単分子膜上のLu@CS2の分子配向変化の 115 

観察
O岩本全央、安武裕輔、梅本久、伊藤靖浩、沖本治哉、泉乃里子、篠原久典、真島豊

2P-26金属内包フラーレンの保存方法の検討 116 

0菊地陽介、大場琢磨、山下冬子、高林康裕、小野吉弘、河地和彦、表研次、笠間泰彦、
久保園芳博

フラーレンの化学
2P-27アミノアラーレン誘導体の合成及びナノコンポジットへの応用 117 

0関戸大、大野克磨、大山恭之、妻子藤大介、熊谷進、武田光博、北村啓、大野正富

X 



3月3日(火)

2P-28 U1trasound-Assisted Cycloadditions of [70]Fullerene with Various 2・Azidoethy1per-O-Acety1 G1ycosides 118 

Shinsook Y oon、SungHo Hwang、SungK戸1Hong、OJeongHo Lee and Weon Bae Ko 

2P-29ジアステレオ選択的Die1s-A1der反応により生成したフラロデンドロンのエナンチオマ一分離 119 

0津川直樹、高橋宜大、高口豊

2P司30カルパゾール五重付加型[60]フラーレン誘導体の合成ど電気化学的および光電変換特性 120 

0中原勝正、松尾豊、中村栄一

2P・31発光性および液晶性を示す十重付加型[60]フラーレン 121 

0李昌治、松尾豊、中村栄一

2P-32光スイッチング可能なナノキャパシタとしてのフラーレン自己組織化単分子膜 122 

Oセパスチャンラッヒャ一、坂本和下、松尾敬子、松尾豊、中村栄一

2P・33パラジウム触媒によるフラーレンの分子変換 123 

O南保正和、森進、伊丹健一郎

フラーレンの応用
2P-34フラーレン誘導体C60X2の電子輸送特性 124 

0徳永健

2P-35 Preparation of Se1f-Assemb1ed ofα・D・Mannosy1Fullerene[C60] -Go1d Nanoparticle Fi1ms 125 

Shinsook Y oon、SungHo Hwang、OSungK戸1Hong、JeongHo Lee、JungMi Kim and Weon Bae Ko 

フラーレンの生成、高次フラーレン
2P-36 Synthesis and Structura1 Characterization ofNano-Peapods Encapsu1ating Higher Fullerenes by High- 126 

Reso1ution TEM 

OTeguh Endah Saraswati、NaokiImazu、KazunoriOhashi、YasuhiroIto、RyoKitaura and Hisanori 

Shinohara 

2P-37 シアノボリイン類NC7Hおよび'NC9HのNMRによるキャラクタリゼーシヨン 127 

0才川真央、若林知成

2P-38イオン照射による窒素原了ム内包フラーレンN@C60の製作 128 

0木下雅仁、若林知成

2P-39 Computationa1 Study on the Stone-Wa1es Transformation ofnon-IPR ((;0 Fullerenes 129 

JunLi、TingRen、OXiangZhao 

2P-40静電リングに蓄積したC60-のレーザー合流実験 130 

0城丸春夫、後藤基、児玉健、松本淳、阿知波洋次、間嶋拓也、田沼肇、東俊行、 A.E.K.
Sunden、K.Hansen

Xl 



3月4日(水)

特別講演発表25分・質疑応答5分
一般講演発表10分・質疑応答5分

ポスタープレビュー 発表1分・質疑応答なし

特別講演 (9: 00-9 : 30) 
3S-4 フラーレン・カーボンナノチューブFを用いた人工光合成系の構築

0今堀博

一般講演 (9: 30-1 0 : 30) 

ナノチューブの生成と精製
3-1 カーボンナノチューブの密度勾配達心によるカイラリティ分離

0加藤雄一、新留康郎、中嶋直敏

3-2 ゼオライト表面から合成された単層カーボンナノチューブの直径・カイラリティ分布

0村上陽一、茂木尭彦、野田優、大久保達也、丸山茂夫

3-3 カイラリティ選択性の高い単層カーボンナノチューブの作成とその同定

0阿知波洋次、中山崇、井上亮人、大西惰気、児玉健、岡崎俊也

3-4 単層カーボンナノチューブのCVD合成における炭素源の分子構造の影響

Oビカウ、ンュクラ、斎藤毅、湯村守雄、飯島澄男

ヲ公安ヲ令交交* 休憩 ( 1 0 : 30-1 0 : 45) 交交安安安食

特別講演(1 0 : 45-11 : 1 5 ) 
3S-5 ナノチューブ・ナノパーティクルの生体反応性:機能性とリスクアセス

0亘理丈夫

一般講演 (11: 1 5-1 2 : 30 ) 
ナノチューブの生成と精製
3-5 ウエット法による垂直配向単層S¥¥明Tのパターン合成

0項栄、エリックエイナルソン、塩見淳一郎、丸山茂夫

4 

41 

42 

43 

44 

5 

45 

3-6 トップダウン・アプローチによるシリコン基板上での単層カーボンナノチューブの配向成長 46 

0カルロ・オロフェオ、吾郷浩樹、吉原直記、辻正治

3-7 サブミリメータ長・単層カーボンナノチューブの流動層合成 47 

0金東築、深井尋史、杉目恒志、長谷川馨、大沢利男、野田優

3・8 ラマン分光法による単層カーボンナノチューブの純度評価 48 

0西出大亮、宮田耕充、柳和宏、田中丈士、片浦弘道

3-9 金属/半導体単層カーボンナノチューブ、上ドデシル硫酸ナトリウム(SDS)の第一原理エネルギ一計算 49 

0大淵真理

**ヲ公安大食 昼食(1 2 : 30-13 : 45) 交交交安安食

特別講演 (13: 45-14: 15) 
3S-6 カーボンナノホーンを用いたドラッグデリパリー

0湯田坂雅子

ポスタープレビュー (14: 1 5-14 : 55) 

ポスターセッション (14: 55-1 6 : 1 5 ) 

Xll 



3月4日(水)

ナノチューブの生成と精製
3P-1 高密度・高配向CNT膜へのSiドープ 131 
0丸山雄大、吉田健太、乗松航、楠美智子

3P-2 垂直配向単層カーボンナノチューブpの光分光評価 132 
。エリック エイナルソン、項柴、ティーラポンテゥラキットセーリー、張正宜、
村上陽一、塩見淳一郎、丸山茂夫

3P-3 高真空ACCVD法を用いた単層カーボンナノチューブの低温合成 133 
O山本洋平、岡部寛人、井上泰輝、エイナルソンエリック、渡辺誠、丸山茂夫

3P-4 密度勾配超遠心分離法による(6，5)ナノチューブの選択分離 134 
0超j市、村上陽一、項柴、エリック エイナルソン、塩見淳一郎、丸山茂夫

3P-5 孤¥r.ム分散SWNTのカイラリティー特性に及ぼすOPOパルスレーザー照射のフルエンス効果 135 
O田島勇、熊沢明、内田勝美、石井忠浩、矢島博文

3P-6 アセチレンからのカーボンナノチューブの低温成氏 136 
O白井聖、野田優

3P-7 アガロースゲ、ルを用いた金属・半導体カーボンナノチューブの分離の進展 137 
O田中丈土、金赫華、宮田耕充、藤井俊治郎、菅洋志、内藤泰久、三成剛生、官寺哲彦、
塚越一仁、片浦弘道

3P-8 レーザーアプレーションによるSWNT生成に対するレーザーパワーの影響 138 
0手柴雅臣、若林知成

3P-9 ゼ、オライトに担持したFe-Sn触媒からの細線カーボンナノコイルの合成 139 
0横田真志、須田善行、桶真一郎、滝川浩史、藤村洋平、山浦辰雄、伊藤茂生、植仁志、
盛興昌勝

3P-10密度勾配超遠心法を用いた単層カーボンナノチューブのカイラリティー分離 140 
0上之薗佳也、内田勝美、石井忠浩、矢島博文

3P-11水分添加の単層カーボンナノチューブ冷の構造への影響 141 
O吉原直記、吾郷浩樹、辻正治

3P-12ディップベンナノリソグラフィーを用いたカーボンナノチューブ配線の作製法の開拓 142 
0家弓尚子、藤ヶ谷剛彦、中嶋直敏

3P-13多層グラフェンとナノチューブから成るカーボン複合構造体と金属電極界面でのTiC形成 143 
0近藤大雄、佐藤信よ郎、一瓶瑞久、池永英司、小畠雅明、金正鎮、小林啓介、粟野祐二

3P・14単層カーボンナノチューブ成長に関する理論計算 144 
Jingshuang Dang、WeiweiWang、OXiangZhao 

3P-15メスパウア一分光によるAνSi02/Si基板上Fe触媒の挙動解析 145 

0大島久純、島津智寛、シリーミラン、壬生攻

3P-16拡散プラズマCVDによる単層カーボンナノチューブの直径制御 146 
0黒田峻介、加藤俊顕、金子俊郎、畠山力三

3P-17非磁性ナノ粒下からの単層カーボンナノチューブ成長における熱CVDとプラズマCVDの比較 147 
Oゴラネビスゾーレ、加藤俊顕、金子俊郎、畠山力三

3P-18高真雫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低温成長における酸化アルミニ 148 
ウムバッファ層の効果
0水谷芳裕、佐藤一徳、丸山降浩、成塚重弥
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3P-19ガス圧調整によるアーク放電を用いたDWNTsの合成 149 

0加藤勝弘、 j王華鋒、越新洛、井上栄、安藤義則

3P-20孤立分散法を利用した、アーク放電法により作製された単層カーボンナノチューブの精製 150 

0鈴木信三、原和人、藤田琢也、水津崇志、岡崎俊也、阿知波洋次

3P-21 ナノチューブの無重力アーク合成におけるクラスター凝集過程のミ一散乱測定 151 
0三重野哲、語国棟、薄葉州、古閑一憲、白谷正治

グラフェン
3P-22 Open and Closed Edges of Graphene Layers 152 

0劉時、末永和知、 PeterJ. F. Harris、飯島澄男

3P-23高温加熱したYSZ(111)上で、のC60の熱分解によるカーボン系薄膜の作製 153 

0野口卓也、島田敏宏、半津明範、長谷川哲也

3P-24微傾斜6H-SiC上エピタキシヤノレ数層グラフェンの高温ラマン測定 154 

0内藤亮治、鴨井督、寛仁志、蓮池紀幸、木曽田賢治、播磨弘、森田康平、田中悟、橋本明弘

3P-25 2層グラフェンにおける電極界面キャリア注入機構の観測 155 
0氏家洋平、本岡正太郎、森本崇宏、ディビッド .K・フェリー、ジョナサン・ p ・バード、
落合勇一

3P-26ボロンナイトジェンナノリボンのエッジ状態 156 

OFawei Zheng、K巴n-ichiSasaki、RiichiroSaito、WenhuiDuan、Bing-LinGu 

3P-27ナノグラファイトリボンのエッジフォノンについて 157 

0古川大、 ZhengFawei、粛藤理一郎

3P-28パルス光照射によるグラファイト表面上の超高速構造変化:第一原理時間依存計算によるアプロー
チ 158

O宮本良之

ナノホーン
3P-29ナノホーン構造の詳細研究 159 

入江路子、弓削亮太、飯島澄男、 0湯田坂雅子

3P-30集合体からの単一カーボンナノホ←ンの分離 160 

0張民芳、飯島澄男、湯田坂雅子

3P-31 P!ugs F ormed by Hydrogen Peroxide Treatment at Ho!es of Carbon N anohoms 161 

OJianxunXu、MinfangZhang、SumioIijima、MasakoYudasaka 

フラーレン固体
3P-32 MgドーフPC60のエピタキ、ンャル成長と電気的特性評価 162 

0名取雅人、小島信晃、鈴木秀俊、山口真史

3P-33 固体C6uの圧力誘起構造相転移 163 

0山上雄一郎、斎藤晋

3P-34光を照射したC6uの電気伝導特性 164 

0千葉康人、都可一、上野岬、陳仕任、青木伸之、落合勇一

3P-35脂肪族アミン類による[70]フラーレンの組織化挙動 165 

0松岡健一、秋山毅、山田淳

3P-36 C60ナノウイスカーの成長観察 166 

0堀田賀洋子、官津薫一

X1V 



3月4日(水)

3P-37 PMA誘導した THP-l細胞によるアラーレンナノウイスカーの取込み 167 

O{勝島真一、宮津薫一、奥田順子、谷口彰良

3P-38水分散性フラーレンウイスカー 168 

0藤田泰彦、高口豊

3P-39 C60ナノファイパーの断面電子顕微鏡観察 169 

0加藤良栄、宮津薫一

3P-40 CS3C60の常温常圧下における光反射率測定 170 

0高野琢、 AlexeyY. Ganin、高林康裕、 MatthewJ. Rosseins旬、 KosmasPrassides、岩佐義宏

xv 



Monday， March 2nd 

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

Special Lecture (9: 00-9: 30) 
IS-1 SWCNT Growth on Substrates Studied by a Combinatorial Method 

OSuguru NODA 

General Lecture(9: 30-10: 30) 
Properties of N anotubes 
1-1 Photoluminescence Spectra from SWNTs Encapsulating Water Mol巳cules

OShohei Chiαshi， Tateki Hanashima， Ryota Mitobe， Yoshikazu Homma 

1・2 Environmental effect on the exciton transition energy of single wall carbon nanotubes 

ORiichiro Saito， Kentaro Sato， Junichiro Shiomi， Shigeo Maruyamα 

1-3 Low-Temperature Magneto-Optical Spectroscopy for Single SWNTs 

ORyusuke Matsunaga， Kazunari Matsuda， Yoshihiko Kanemitsu 

1-4 Optical Properties of Single-Walled Carbon Nanotube in the UV Region 

o Yoshiteru T，αιagi， Susumu Okada 

交交交*τた*Coffee Break (10: 30-10: 45) 女女育交交交

General Lecture (10: 45-11: 45) 
Properties of N anotubes 

7 

8 

9 

10 

1-5 Electronic and Optical Properties of SWCNT Thin Films Deposited on Flexible Substrates by Dry-Process 11 

o Takeshi Saito， Bikau Shukla， Motoo Yumura， Sumio Iijima 

1-6 Pressure dependence of superconductivity in thin films ofboron-doped carbon nantubes 12 

M Matsudaira， OJ. Haruyama， J.Nak，αmura， T. Shimizu， T. Eguchi， T. Nishio， Y. Hasegawa， H. Sano， Y. 

1アe，J. Reppert， A. M Rao 

1-7 Curr巴nt-vo1tageProperty Analysis of Carbon Nanotube at Room Temperature on Substrate 13 
OTomohiro TOJO， Tomoko HARA， Yoshitaka MURAMOTO， Takuya YOKOMAE， Takuya HAYASHI， 

Yoong-Ahm KIM， MりrinobuENDO

1-8 Electric characterization of CNTs grown in nanosized via interconnects at low temperatures by remote 14 

plasmaCVD 
OM  Iizuka， K. Ishimaru， D. }勺koyama，T. Iwasaki， 1. Yuito， T. Takeuchi， S. Sato， M Nihei， 
Y. Awano， H. Kawaradα 

****τ公安 LunchTime(l1: 45-13: 00) 女女育交交女

General Lecture (13 : 00・14:15) 
Properties of N anotubes 
1・9 Characterizing thermal conductivity ofvertically-aligned single-walled carbon nanotube films 

OKeiIshikm仰"Saburo Tanaka， Koji Miyazaki， Junichiro Shiomi， Shigeo Maruyama 

15 

1-10 Molecular-Dynamics Simulations on Thermal Transport in Peapod and Multi-Walled Carbon Nanotube 16 

OFumio Nishimura， Kazuyuki Watanabe， Yamamoto Takahiro 

1-11 Direct Det巳rminedPrecise日ectronicStates of Single-Walled Carbon Nanotubes 17 

OYasuhiko Tanaka， Yasuhiko Hirana， Naotoshi Nak，ωhima 

1-12 Intrinsic Electron Dipoles in Capped Carbon Nanotubes 18 

OMinoru Otani， Susumu Okada 

XVl 



Monday， March 2nd 

1-l3 Hydrogen Adsorption on Carbon Nanotubes under Tensile Strains 

o Takazumi Kawai， Yosh仰 kiMiyamoto 

****** Coffee Break (14: 15-14: 30) 古女女女女大
General Lecture (14: 30・15:45) 
Applications of N anotubes 

19 

1・14 Observation of Photoinduced Current in Azafullerene C 59N Encapsulated Singl巴-WalledCarbon Nanotubes 20 

at Low T emperatur巳邑
o Yongfeng Li， Toshiro kaneko， Rikizo Hatakeyama 

1-15 lmprovement of the performance of CNT thin-film transistor by using high purity semiconducting SWCNTs 21 
OShunjiro Fujii， Takeshi Tanaka， Hehua Jin， 1lωumitsu Miyαta， Hiroshi Suga， 1lωuhisa Naitoh， 

Takeo Minari， Tetsuhiko Miyadera， Kazuhito Tsukagoshi， Hiromichi Kataura 

1-16 Carbon Nanotube Black Body: Highly Efficient Light Absorber by Vertically Aligned Single Walled Carbon 22 

Nanotubes 

OKohei Mizuno， Juntaro Ishii， Hideo Kishida， Yuhei Hayamizu， Satoshi Yasuda， Don N Futaba， Motoo 

Yumura， KenjiHata 

1・17 Evaluation of dispersion state of carbon nanotubesぺJV-curableresin nanocomposites by resonance Raman 23 

spectroscopy 

o Takahiro Fukumaru， Tsuyohiko Fujigaya， Naotoshi Nakashimα 

1-18 NIR-Triggered Volum巳PhaseTransition of Carbon Nanotubes / Polymer Gel Composite 24 

o Tatsuro Morimoto， Tsuyohiko Fujigaya， Naotoshi Nakashima 

Poster Preview (15: 45-16: 25) 
Poster Session (16: 25-17 : 45) 

Properties of N anotubes 
lP-l Molecular Geometry and Electronic Structure of Single Wall Carbon Nanotube in Non-equilibrium States 51 

Somphob Thompho， Oraphan Saengsawang， Uthumporn Arsawang and OSupot Hannongbua 

lP-2 Defect cr巳ationand annihilation ofSingle-Walled Carbon Nanotubes with Scanning Tunneling Microscopy 52 

o Yuta Ebine， M.似 imeBerthe， Shoji Yoshida， Atsushi Taninaka， Satoru Suzuki， K，のiSumitomo， Osamu 
Takeuchi， Hidemi Shigekawa 

lP-3 First principles study of substitutional impur祖国incarbon nanotubes 53 
o Takashi Koretsune， Susumu Saito 

lP-4 Constant-Pressure Molecular Dynamics Study of Single-Walled Carbon Nanotubes with a Small Diameter 54 

OMasahiro Sakuraiαnd Susumu Saito 

lP-5 Microwave plasma CVD synthesis and charact巴rizationofboron-doped carbon nanotubes 55 

OTohru Watanabe， Yoshikazu Mizuguchi， Shunsuke Tsuda， Ta初hideYamaguchi， Yoshihiko Takano 

lP-6 Phase Breaking in Low Temperatur巴Magneto-resistanceofThin Multi-Walled Carbon Nanotubes 56 

OM  Kida， T. Hatori， Y. Na初mura，Y Togashi， N. Aoki， J. P. Bird， Y. Ochiai 

lP-7 Temperature dependence ofradial breathing modes in double wal1ed carbon nanotubes 57 
OHitoshiKaたhi，Ryoji Naito， Noriyuki Hasuike， Kenji Kisoda， Koji Nishio， Toshiyuki Issiki， Hiroshi Harima 

lP-8 Work Function of Single-Walled Carbon Nanotube 58 

OKoichiro Kato， Susumu Saito 

lP-9 Electrical features ofFETs using boron-doped single-walled carbon nanotubes 59 
OT. Shimizu， J. Haruyama， H. Sano， Y Iye， T. Eguchi， T. Nishio， Y Hα'segawa， J. Reppert， A. M Rao 

XVll 
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lP-10 Effects oflaser irradiation and thennal oxidation on CoMoCAT nanotubes Probed by Raman spectroscopy 60 

OMari Hakamatsuka， Dongchul Kang， Kenichi Kojima， M旬。即日chibana

lP-ll C6o(OH)n Assisted Dispersion of Single幽walledCarbon Nanotubes 61 

o Yutaka Maeda， T，αkaaki Kato， Junki Higo， Tadashi H，αsegawa， Takαhiro Tsuchiya， Takeshi Akasaka， 
Jing Lu， Shigeru Nagase 

lP-12 Molecular-Dynamics Simulations on Phonon圃AssistedMass Transport in Carbon Nanotubes 62 

o Takuma Shiga， Toru Takahashi，Eduardo R.Hernandez and Kazuyuki Watanabe 

lP-13 Energy level of defect-induced state in semiconducting single wall carbon nanotube 63 

OKen-ichi Sasaki， Katsunori Wa知bayashi，Riichiro Saito 

lP-14 Mechanism ofRadial Corrugation in Many-Walled Carbon Nanotubes 64 

OMotohiro Sato， HIro戸tkiShimα 

lP-15 Electrical Characteristics ofSingle-Walled Carbon Nanotubes Irradiated with Ionic Liquids in Electrolyte 65 

Plasmas 

o Yu Hirotsu， Toshiro Kaneko， Rikizo Hatakeyama 

lP-16 Individually dispersed single-walled carbon nanotubes in both liquid and dried solid states using a n巴w 66 

dispersant 

OTatsuhiro Yamamoto. Masaru Kato 

lト17G band resonance Raman spectra of single-wall carbon nanotubes 67 

OJin Sung Park， Kenich Sasaki， Riichiro Saito， Gene Dressselhaus， Mildred S. Dresselhaus 

lP-18 Magnetic attractive multiwalled carbon nanotubes fonned by high temperature treatment of multiwalled 68 

carbon nanotube/boric-oxide composite in hydrogen environment 
OHiroki Endo， Shunji Bandow， Sumio 1.ウiima

lP司19Characterization of CNT -FET by Scanning Gate Microscopy 69 

OYukiOk忽awa，Shigeru Kishimoto，均takaOhno， Tak，ωhi Mizutani 

lP-20 Pressure dependence ofMeissner effect in thin films ofboron-doped carbon nantubes 70 
OJ.Na何mura，M Matsudaira， J. Haruyama， T. Shimizu， T. Eguchi， T. Nishio， Y. Hasegawa， H. Sano， Y. 

Iye， J. Reppert， A. M Rao 

lP-21 Molecular-Dynamics Simulations on Carbon-Nanotube Phonon Fiber 71 

OTakahiro Yamamoto， Fumio Nishimura， Toru Takahashi， Kazuyuki Watanabe 

lP-22 Energetics and Electronic Structures ofCarbon Nanowires 72 
OSusumu 0此adα

Endohedral N anotubes 
lP-23 A high-resolution laboratory x-ray diffractometer for the bulk structure analysis ofnanotubes and peapods 73 

OShinobu Aoyagi， Eiji Nishibori， Ryo Kitaura， Hiroshi Sawa， Ma此otoSakata and Hisanori Shinohara 

lP-24 Nucleation ofan SWNT inside a carbon nanotube 74 

o Yoshifumi Izu， Junichiro Shiomi and Shigeo Maruyamα 

lP-25 First principles calculations of electronic states in SWCNTs encapsulating oxygen molecules 75 
OKeitaro Harada， Kazuyuki Matsuda， iうutakaManiwa， Syogo Tejima， Hisashi Nakamura 

lP・26Die1ectric properties ofwater clusters inside SWCNTs 76 

OFuminori Mikmαi， Kazuyuki Matuda， Yutaka Maniwa 
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lP-27 Scanning Tunneling Microscopy/Spectroscopy on the Electronic Structure ofMetallofullerene Peapods 77 

(Gd@CS2)n@SWCNTs 

OKazunori Ohashi， Yuki lijima， Naoki lmazu， Ryo Kitaura， Hisanori Shinohara 

lP-28 Fabrication ofthe air stabl巴n-typesingle-walled carbon nanotube transistor based on ca1cium atoms 78 

encapsulation 

o Tetsuhiro Shimizu， Toshiaki Kato， Wataru Oohara， Rikizo Hatakeyama 

lP-29 Encapsulation ofRoom Temperature Ionic Liquid inside Single-Wall Carbon Nanotubes 79 
OShimou Chen， Ryo Kitaura， and Hisanori Shinoharα 

Carbon nanoparticles 
lP-30 Electronic spectra and fragmentation ofpolyynes in the gas phase 80 

o Tak，ωhi Yamada， Yoriko Wada， Tomonari Wakabayashi， K.正ゲiOkuda， Masa-αki Ubukata 

lP-31 Formation ofpolyyne-iodine complexes in solutions 81 

OYoriko Wada， Tomonari Wa初bayashi，Ryoichi Osada， TatsuhおαKato

lP-32 Charact巴rizationof La fuller巴nesoot and formation of LaC 2 containing multi-shell carbon nanocapsules by 82 

heat treatm巴nt

OKazunor Yamamoto， Takeshi Akasα初

lP-33 Formation of Polyhedral Graphite Particles by High-density Carbon Arc Discharge with A1cohol Vapor 83 
o Yoji Katagiri， Akira Koshio， Fumio Ko初i

Miscellaneous 
lP-34 Formation Peculiarities， Structure and Morphology ofC6o-PANI and C6o-PTFE Thin Composite Films 84 

Victor Kazachenko， Tetsu Mieno， OJhar Razαnau 

lP-35 New Method ofSidewall Functionalization ofS¥¥<刊Twith Fuming Nitric Acid 85 

01かoshiKitamura， Masaru Sekido， Hisαto Takeuchi， Mωαtomi Ohno 

lP-36 Th巴or巴ticalStudy ofSpin 1吋巴ctionfrom Fe into OIigoacene 86 

OYoshitαka Kato， Hiroyuki Fueno， Kazuyoshi Tanaka 

lP-37 Density-functional tight-binding molecular dynamics simulations ofthe seIf-capping process in open-ended 87 

(n，n) SWCNTs (n=3 to 10) 
OHironori Hara， Stephan JrZe 

lP-38 Synthesis and Search for Superconductivity of Alkaline Earth Graphite lntercalation Compounds 88 

08αtoshi Heguri， Kimαta Nozomu， Mototada Kobayashi 

lP-39 Studies on Ion RF Devices for lon Mobility Measurement 89 
o Toshiki Sugai 

lP-40 Growth ofOne-dimensional Array ofGraphitic Cones in Vertically Aligned Carbon Nanofibers 90 

o Takayuki Yamasaki， Akira Koshio， Yuta Tango， Tomohito Jmai， Fumio Kokαi 
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Tuesday， March 3rd 

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

Special Lecture (9: 00四9:30)
2S-2 Synthesis and properties of fullerene nanowhiskers and related fulleren巴nanomaterials
OKun'ichi Miyazωω 

General Lecture(9: 3か10:30)

Environmental/Safety Characterization of Fullerenes and Endohedral 

2 

2-1 Examination of the factors affecting in vitro evaluation of cellular responses induced by fullerene C60 25 
OMαsanori Horie， Keiko Nishio， Naohide Shinohara， Haruhisa Kato， Ayako Nakamura， Katsuhide Fujita， 

Shinichi Kinugαsa， Shigehisa Endoh， Hitoshi Iwahashi， Yasukazu Yoshida and Junko Nakanishi 

2-2 Detailed characterization of cellular responses induced by fullerene C60 26 
OKeiko Nishio， Mωanori Horie， Naohide Shinohara， Haruhisa Kato， Ayako Nakamura， Katsuhide F;ザita，
Shinichi Kunugasa， Sh伝説isaEndoh， Hitoshi Iwahashi， Yasuk，αzu Yoshida， Junko Nakanishi 

2-3 Structure determination and chemical functionalization of metallofullerene Sc 2C82 27 

OHiroki Kurihara， Yuko Y;αmαzaki， Naomi Mizorogi， Midori O. Ishitsuka， Ta初hiroTsuchiya， Shigeru 

Nagase， Takeshi Akasaka 

2-4 Ultraviolet Photoelectron Spectroscopy of SC2C2@C82 (11) 28 

Or.αkafumi Miyazaki， Yuusuke Aoki， Youji Tokumoto，Ryohei Sumii，Haruya Okimoto，Hisαshi 
Umemoto，llωuhiro Ito，Hisanori Shinohara，Shojun Hino 

"*"*ヲ公安τ公安 CoffeeBreak (10: 30-10: 45) 女育交交交交

General Lecture(10: 45-11: 45) 

Fullerene solids and Chemistry of Fullerenes 
2-5 Energy Level Alignment ofInterfaces Related to PCBM: PCBM/Ag Substrate， PCBM/Phthalocyanines 29 
OKoukiA初ike，Kaname Kanai， Yukio Ouchi， Kazuhiko Seki 

2-6 Geometric curvature effi巴ctson Tomonaga-Luttinger states of one-dimensional peanut-shaped C60 polymers 30 
OHiroyuki Shima， Hideo Yoshioka， Jun Onoe 

2-7 Physical Properties ofHydrogen-molecule Endohedral C60 31 

ORyotaro Kumashiro， Takeshi Rachi， Yasujiro Murata， Koichi Komatsu， Hiroshi Sawa， Yoshimitsu 

Kohama， Hitoshi Kawaji， Tooru Atake， Katsumi Tanigaki 

2-8 A Simple Formation Mechanism of a Ful1erene from a Carbon Onion 32 

o Terihiko Ogata， Yoshio Tatamitani 

究交交"*古女 LunchTime(11: 45-13: 00) 交安交交安背

Awards Ceremony (13 : 00・13:30) 

Special Lecture (13 : 30-14 : 00) 
2S-3 Business Development ofFuller巴nesin Life Science Applications 

OShuichi y;αmana 

General Lecture (14: 00・15:00)
Nanowires 

3 

2-9 Forτnation mechanism of polyyne molecules upon laser ablation of carbon particIes in organic solvents 33 
OTomonari Wakabayashi， Mao Saikawa， Yoriko Wad，α 

xx 
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2-10 Synthesis and Characterization of Crystalline Gold Nanowires encapsulated within Singl巴-WallCarhon Nanotubes 34 
OKeita Kobayashi， Ryo Kitaura， Hisanori Shinohara 

2-11 Semimetal1ic Molecular Nanowire: Oxygen Molecules Encapsulated into Carbon Nanotuhes 35 
OMichiko Tanaka， Takazumi Kawai， Susumu Okadα 

2・12 Long Continuous Copper Nanowires Encapsulated in Carbon Nanotubes 36 

OAkira Koshio， Hironobu Kito， Hiro戸tkiNa如no，れtjiFujiwαra， Hideki Sato， Fumio Kokai 

**万年交交交 CoffeeBreak (15: 00-15: 15) 女安食貴女女

General Lecture(15: 15・16:15)

Graphene and Carbon Nanoparticles 
2-13 Fabrication and Chemical modification ofNanographene 
OKazuyuki Takai， y，ωuhiro Nishimura， Toshiaki Enoki 

37 

2-14 Half-metal1ic Armchair Graphene Nanoribbon 38 

OKeisuke Sawada， Fumかuki1shii， Mineo Saito 

2-15 Selective s戸lthesisof carbon nanotubes and graphene multi-Iayers by controlling catalyst thickness 39 

ODai)日uKondo， Shintaro Sato， Mizuhisa Nihei， Yuji Awano 

2・16 Cosequences of multi-pole巴l巴ctrostaticpotential fi巳ldson the surface of single-nano buckydiamond (SNBD) 40 

particles 
OEiji Osawa， Dean Ho， Houjin Huang， Michail Korobov， Nata!ia Rozhkova 

Poster Preview{t6: 15-16: 55) 
Poster Session (16: 55-18: 15) 

Applications of N anotubes 
2P-l Application ofvertically well-aligned CNT films to capacitors 91 
OH，αruo Katωo，Mi化chi.此koKuι白S川宮
Hu"ザjit，ωα，No俳rzぴ!yoωshμiShiめbαtωfα i 

2P-2 Electrochemical Behaviors ofCytochrome c at Carbon Nanotube Surfaces 92 
Mαsato Tominaga， OHiroyuki Yamaguchi， Shingo Sakamoto， Tosh仲間Nishimura，Shiori Kane初，1sao

Taniguchi 

2P-3 Analysis of int巳rfacialbehaviors of carbon nanotubes using irトsituRaman spectroelectrochemistry 93 

ルわ:satoTominaga， OShingo Sakamoto， Tosh仲間Nishimuraタ1saoTaniguchi 

2P-4 Diameter-Independent Thermal Oxidation ofSingle-Walled Carbon Nanotubes with NaCI under Microwave 94 

Heating 

Yuki Kobαryashi， OMasahito Sano 

2P-5 Growth of Carbon Nanotubes on Flexible Carbon Fiber Sheet for Field Emitter 95 

OBongyong Jang， Yoichi 1to， Yasuhiko Hayashi， Naoki Kishi， Tomoharzt Tokunaga， Hidetoshi Matsumoto， 

Kazuyuki Fukuzono， Masaki Tanemura， Akihiko Tanioka， Gehan A.J. Amaratunga 

2P-6 Direct Growth of Single-walled Carbon Nanotubes Films and Their Opto・electricProperties 96 

OHuafeng Wang， Kaushik Ghosh， Zhenhua Li， Takahiro Maruyama， Sa加ε1noue，Yoshinori Ando 

2P-7 Optical prop巴rtiesofsingle-wall carbon nanotube-P3HT composites 97 

o Ye Feng， Yasumitsu Miyata， Kiyoto M，αtsuishi， Hiromichi Kat，αura 

2P-8 lonization Vacuum Gauge with a Carbon Nanotube Field Electron Emitter Combined with a Shie1d Electrode 98 
OHuarong Liu， Hitoshi Nakahara， Sashiro Uemura， Yahachi Saito 

XXl 
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2P-9 Dispersion of Single四WalIedCarbon Nanotubes Using Poly(amidoamine) Dendrimer Having Alkyl Chain at 99 

the Cor巳

ORyoutα1keuchi， Tetsuya Uchida， Tatsuo Fujii， Jun Takada， Yutaka Takaguchi 

2P-IO Fie1d Emission of Carbon Nanotubes for Electron Microscopes 100 

OYoshi初zuKusano， Koji Asaka， Hitoshi Nakahara， Yahachi Saito 

2P-ll Fabrication ofCaCO/SWNT Nanocomposite Using FulIerodendron-Assisted Approach 101 

OAkira Tsutsui， Yutaka Takaguchi 

2P-12 Measurement ofThermal Conductivity ofCNT-nanof1uids by Transient Short-Wire Method 102 

o Takeshi Morimatsu， Shogo Moroe， Yasuyuki Takata， Motoo Fujii， Shinzo Suzuki， Mαsamichi Kohno 

2P-13 Gate voltage dependence of e1ectrolumin巳scencefrom single-walled carbon nanotub巴s 103 

ONorihitoHめino，Hideyuki Maki， Tetsuya Sato， Satoru Su刀法i，Yoshihiro Kobayωhi 

2P-14 Study on Hydrocarbon Adsorption on MWNTs Using Field Emission Microscopy (FEM) 104 

OTetsuya Yamωhita， Koji Asaka， Hitoshi Nakahara， Yahachi Saito 

2P-15 Application ofVerticalIy-Aligned S¥¥市町Filmsto the Counter Electrode of Dye-Sensitized Solar Cells 105 

OJun Okawa， Erik Einarsson， Junichiro Shiomi， Shigeo Maruyama 

2P咽16Carbon nanotube growth on atomic force microscope cantilever by using liquid Co catalyst 106 

OChien-Chao Chiu， Masamichi Yoshimura， Kazuyuki Ueda 

2P-17 A molecular dynamics study of metal coating on SWNT 107 

OTeppeiMαtsuo， Junichiro Shiomi， Shigeo Maruyαma 

2P-18 Line-Pattemed Carbon Nanotube Cold Cathodes 108 

o Yosuke Shiratori， Koji Furuichi， Suguru Noda 

2P-I 9 New electrocatalyst for PEFC based on carbon nanotubes wrapped by polybenzimidazole 109 

Minoru Okamoto， 0 Tsuyohiko Fiり・igaya，Naotoshi Nakashima 

2P-20 Transparent conducting properties of SWCNT films at a range of thickness 110 

OEisuke Haba， Suguru Noda 

2P-21 Defects on Multi-walIed Carbon Nanotubes by Cobalt Oxide 111 

ODo-万戸mKim， Keiko Waki 

Endohedral Metallofullerenes 
2P-22 Third Isomer of La@C82 112 

OHidenori Kuga， Hidehumi Nikawa， Naomi Mizorogi， Takahiro Tuchiya， Midori Oinuma， Slanina Zdenek， 

TakeshiAkωaka， Kenji Yoza， Shigeru Nagase 

2P-23 Molecular and Electronic Structures of Di-erbium and Di-erbium-carbide Metallofuller巳nesEr 2( C2)@C82: 113 

Density Functional Th巳oryCalculations 
OJian Wang， Stephan 1rle， Keiji Morokuma 

2P之4Se1ective Irradiation of Ionic Heterogeneous Fullerenes Generated by Electron Beam Impact Ionization 114 
o Yohei Hanabusa， Toshiro Kaneko， Rikizo Hatakeyama， Kennji Omote， Yasuhiko K，ωama 

2P-25 Change in Molecular Orientation of lndividual LU@C82 on Octanethiol Self Assembled Monolayer Obs巴rved 115 

by Scanning Tunne1ing孔1icroscopy
OMasachika 1wamoto， Yuhsuke Yasutake， Hisashi Umemoto， Y，ωuhiro 1to， Haruya Okimoto， Noriko 1zumi， 

Hisanori Shinohara， Yutaka Majima 

XXll 
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2P-26 Strorage Condition of恥1etallofullerene 116 

OYosuke Kikuchi， TakumαOoba， Fuyuko Yamαshita， Y.ωuhiro Takabayashi， Yoshihiro Ono， Kazuhiko 

Kawachi， Kenji Omote， Yasuhko Kasama， Yoshihiro Kubozono 

Chemistry of Fullerenes 
2P-27 S戸lthesisof Amino Fullerene Derivative and its Application for P A-6 Nanocomposites 117 

OMasaru Sekido， KatsumαOhno， Yasuyuki Ohyama， Daisuke Saitou， Susumu Kumα'gai， Mitsuhiro Takeda， 

Hiroshi Kitamura， Masαtomi Ohno 

2P-28 Ultrasound-Assisted Cyc1oadditions of [70]Fuller巳newith Various 2-Azidoethyl per-O-Acetyl Glycosides 118 

Shinsook Yoon， Sung Ho Hwang， Sung Kyu Hong， OJeong Ho Lee and Weon Bae Ko 

2P-29 Enantiomeric Separation ofFullerodendron Form巴dby Diastereoselective Diels-Alder Reaction 119 

ONaoki Tsugawa， Nobuhiro Takahashi， Yutaka Takaguchi 

2P-30 Syntheses，El巴ctrochemicaland Photocurrent-Generating Properties ofPenta( carbazolyl) [60] fullerene Derivatives 120 

OKatsumasa Nakahαra， Yutaka Matsuo， Euchi Nakamura 

2P-31 Luminescent and Liquid Crystalline Deca( organo)[ 60]Fullerenes 121 

OChang-Zhi Li， Yutaka Matsuo， Eiichi Nakamura 

2P-32 Ful1巳reneSelf-Assembled Monolayer as a Nano Capacitor Switchable by Light 122 

OSebastian Lacher， Aiko Sakamoto， Keiko Matsuo， Yutaka Matsuo， Eiichi Nakamura 

2P-33 Ful1erene Functionalization through Palladium Catalysis 123 

OMωakazu Nambo， Susumu Mori， Kenichiro Itami 

Function and Applications of Fullerenes 
2P-34 Electron-Transport Property of Fullerene Derivatives C60X2 124 

OKen Tokunaga 

2P-35 Preparation ofSelf-Assembled ofα-D-Mannosyl Fuller巴ne[C60]-Gold Nanopartic1e Films 125 

Shinsook Yoon， Sung Ho Hwang， OSung Kyu Hong， Jeong Ho Lee， Jung Mi Kim and Weon Bae Ko 

Fullerene Formation， Higher Fullerenes 
2P-36 Synthesis and Structural Charact巴rizationofNano-Peapods Encapsulating Higher Fullerenes by High- 126 

Resolution TEM 

o Teguh Endah Saraswαti， Naoki Imazu， Kazunori Ohashi， Y.αsuhiro Ito， Ryo Kitaura and Hisanori Shinohara 

2P-37 NMR characterization of cyanopolyynes NC7H and NC9H 127 

OM匂oSaI.初wa，Tomonari Wakabayashi 

2P-38 Production of atomic nitrogen-doped fullerene N@C60 by ion bombardment 128 

OMasahito Kinoshita， Tomonari Wakabayashi 

2P-39 Computational Study on the Stone開WalesTransformation of non-IPR C 60 Fullerenes 129 

Jun Li， Ting Ren， OXiang Zhao 

2P-40 Laser-merging巳xperimentsof C60 -stored in an electrostatic ion storage ring 130 
OH. Shiromaru， M Goto， T. Kodama， J Matsumoto， Y Achiba，T. Majima， H. T.αnuma， T. Azuma， A.E.K. 

Sunden. K.Hansen 

XXlll 
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Special Lectures: 25 min (Presentation) + 5 min (Discussion) 
General Lectures: 10 min (Presentation) + 5 min (Discussion) 
Poster Previews: 1 min (Presentation)， No Discussion 

Special Lecture (9: 00-9: 30) 
3S-4 Creation ofFull巴rene-and Carbon Nanotube咽BasedArtificial Photosynthetic Systems 

OHiroshi lmahori 

General Lecture (9: 30・10:30)

Formation and Purification of N anotubes 

4 

3-1 Chirality Sorting ofSingle-Walled Carbon Nanotubes Using Density Gradi巴ntsCentrifugation 41 

o Yuichi Kato， }(ωuro Niidome， Naotoshi Nakashimα 

3-2 Diameter and Chirality Distr・ibutionof SWNTs Grown 仕omZeolite Surfaces 42 

o Yoichi Murakami， Takahiko Moteki， Su，伊 ruNoda， Tatsuya Okubo， Shigeo Maruyama 

3-3 Highly selective production of single-wall carbon nanotubes by laser vaporization method 43 

o Yohji Achiba， Takashi Nakayama， Akihito Inoue， Yuki Onishi， Takeshi Kodama， Toshiya Okazaki 

3-4 Impact ofMolecular Structure ofCarbon Source in CVD Growth ofSWCNTs 44 

OBi初uShukla， Takeshi Saito， Motoo Yumura， Sumio勾zma

*'古女史*'τ~ Coffee Break (10: 30・10:45) 交交育会食女

Special Lecture (10:45・11:15)
3S-5 Biological Reaction ofNanotubes and Nanopartic1es : Functions and Risk Assessment 
OFumio Wat.αn 

General Lecture(l1: 15-12: 30) 

Formation and Purification ofNanotubes 

5 

3-5 Pattemed Growth ofVertically Aligned SWNTs through Liquid-based Catalyst Manipulation 45 

ORong Xiang， Erik Einarsson， Junichiro Shiomi， Shigeo Maruyama 

3-6 Top-Down Approach to Align Single-Walled Carbon Nanotubes on Silicon Substrat巳 46

OCarlo M Oro.た0，Hiroki Ago， Naoki Yoshihara， Masaharu Tsuji 

3-7 Fluidized Bed Synthesis of Sub-Millimeter同LongSingle-Walled Carbon Nanotubes 47 

ODong Young Kim， HirφImi Fukai， Hisashi Sugime， Kei Hasegawa， Toshio Osawa， Suguru Noda 

3-8 Purity Evaluation ofSingle Wall Carbon Nanotubes based on Raman Spectroscopy 48 

ODaisuke Nishide， Yasumitsu Miyata， Kazuhiro Yanagi， Takeshi Tana如"Hiromichi Kataura 

3-9 Ab Initio Energetics of Sodium Dodecyl Sulfate on Metallic and Semiconducting Single-Wall Carbon 

Nanotubes 49 
o Mari Ohfuchi 

*'*'*'官女*'Lunch Time (12: 30・13:45) 交安貴女女女

Special Lecture (13 : 45.・14:15)
3S-6 Application of carbon nanohoms to anti-cancer drug carriers 

0ル五1sakoYudasaka 

Poster Preview(14: 15-14: 55) 
Poster Session (14: 55-16: 15) 

XX1V 
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Formation and Purification of Nanotubes 
3P-l Si Doping into Densely-Aligned Carbon Nanotube Films on SiC 131 

o Takehiro Maruyama， Kenta Yoshida， Wataru Norimatsu， Michiko Kusunoki 

3P之 Opticalspectroscopic characterization ofvertically aligned single-walled carbon nanotubes 132 
OErik Einarsson， Rong Xiang， Theerapol Thurakitseree， Zhengyi Zhang， Yoichi Murakami， 

Junichiro Shiomi， Shigeo Maruyamα 

3P-3 Low Temperature Growth of Single幽WalledCarbon Nanotubes by High Vacuum ACCVD Method 133 

OYohei Yamamoto， Hiroto Okabe， Taiki Inoue， Erik Einarsson， Makoto Watanabe， Shigeo Maruyama 

3P-4 Sel巳ctivelsolation of (6，5) Carbon Nanotubes by Density Gradient Ultracentrifugation 134 

OPei Zhao， Yoichi Murakami， Rong Xiang， Erik Einarsson， Junichiro Shiomi， Shigeo Maruyama 

3P-5 Laser Fluence Effect on the Chirality Characteristics of lndividually Dispersed Single-walled Carbon 135 

Nanotube in Aqueous Solution with Pulsed OPO Las巴rlrradiation 
OIsamu Tajima， Akira Kumazawa， Ka印刷iUchida， Tadahiro Ishii， Hir~角川i Yajima 

3P-6 Low temperature growth of carbon nanotubes from acetylene 136 

o Takashi Shirai， Suguru Noda 

3P-7 Progress in S巳parationofMetallic and Semiconducting Carbon Nanotubes Using Agaros巳Ge1 137 

o Takeshi Tanα此α，HehuαJin， Yasumitsu Miyata， Shunjiro Fujii， Hiroshi Suga， }(ωuhisa Naitoh， 
Takeoルlinari，Tetsuhiko Miyadera， Kazuhito Tsukagoshi， Hiromichi Kataura 

3P-8 lnflu巳nceof laser power on the forτnation of SWNTs by laser ablation 138 

OMasaomi Teshiba， Tomonari Wakabayashi 

3P-9 Synthesis ofThin Carbon Nanocoils by Fe-Sn Catalyst Supported on Zeolite 139 
OMasashi Yokota， Yoshiyuki Suda， Shinichiro Oke， Hirofumi Takikawa， Youhei Fujumura， Tatsuo 

Yamaura， Shigeo lto， Hitoshi Ue， Masakatsu Morioki 

3P-IO Chirality Selective Separation for Single-walled Carbon Nanotube with Density Gradient Ultracentrifugation 140 

o Yoshiya Kaminosono， Katumi Uchida， Ishii Tadahiro， Yajima Hir~かmz

3P-ll Effect ofwater vapor on structure of single-walled carbon nanotubes 141 

ONaoki Yoshihara， Hiroki Ago， Masaharu Tsuji 

3P-12 Dip-pen nanolithography for CNTs patteming 142 

ONaoko Kayumi， Tsuyohiko Fujigaya， Naotoshi Nakashima 

3P-13 TiC forrnation for metal contact with carbon composite structures consisting ofnanotubes and graph巴ne 143 

multi-layers 
ODai戸1Kondo， Shintaro Sato， Mizuhisa Nihei， Eiji lkenaga， Masaaki Kobata， Jung Jin Kim， Keisuke 

Kobayashiタ YujiAwano

3P-14 Theoretical Study on the Growth ofSingle Walled Carbon Nanotub巴(SWNT) 144 

Jingshuang Dang， Weiwei Wang， OXiang Zhao 

3P-15 Analysis ofFe Catalyst Behavior on Al/Si02/Si Substrate for CNT Growth Using Mossbauer Spectroscopy 145 

OHisayoshi Oshima， Tomohiro Shimazu， Milan Siη，Ko Mibu 

3P-16 Diameter control of single-walled carbon nanotubes grown by diffusion plasma CVD 146 

OShunsuke Kuroda， Toshiaki Kato， Toshiro Kaneko， Rikizo H.αtakeyamα 

3P-17 Comparison of therrnal and plasma CVD for the growth of single-walled carbon nanotubes from 147 

nonmagnetic nanoparticles 
OZohreh Ghorannevis， Toshiaki Kato， Toshiro Kaneko， Rikizo Hatakeyama 

xxv 
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3P-18 Effect of Al Oxide Buffer Layer on SWNT Growth at Low Temperature in Alcohol Gas Source Method in 148 

HighVacuum 

o Yoshihiro Mizutani， Kuninori Sato， Takahiro Maruyama， Shigeya Naritsuka 

3P-19 Synthesis ofDWNTs using arc discharge by a司justinggas pressure 149 

OK. Kato， H. Wang， X Zhao， S. Inoue and Y Ando 

3P-20 Purification of Single-walled Carbon Nanotubes Generated with Arc-buming Apparatus by Utilizing Mono- 150 

dispersion Technique 

OShinzo Suzuki， Kazuto Hara， Takuya Fujiω， Ta加'shiMizusawa， Toshiya Okazαki， Yohji Achiba 

3P-21 Measurement ofCohesion Process ofCarbon-Clusters by the Mie-Scattering Method in Gravity-free Arc四 151

S戸1thesisofNanotubes 

o Tetsu Mieno， Tan Guodong， Shu Usubα，Kαzunori Koga， Ma 

Graphene 
3P-22 Open and Closed Edges of Graphene Layers 152 

OZheng Liu， Kazu Suenaga， Peter・1.F. H，αrris， Sumio勾・ima

3P-23 New Carbon Thin Film Growth on YSZ (111) by Very High Temperature Surface Pyrolysis ofC60 153 

o Takuya Noguchi， Toshihiro Shimada， Akinori Hanzω叩 ，Tetsuya Hasegawa 

3P-24 Temperature dependence ofRaman spectra in epitaxial few四layergraphene on vicinal6H-SiC 154 

ORyoji Naito， Susumu Kamoi， Hitoshi Kakehi， NorかukiHasuike， Kenji Kisoda， Hiroshi Harima， 
Kouhei Morita， Satoru TIαnaka， Akihiro Hashimoto 

3P-25 Probing graphene-metal contacts in bilayer graphene nanoconstriction 155 

o Y Ujiie， S. Motooka， T. Morimoto， D. K. Ferry， 1. P. Bird， Y Ochiai 

3P-26 Edge States of ZigZag Boron Nitride Nanoribbons 156 

OFawei Zheng， Ken-ichi Sasaki， Riichiro Saito， Wenhui Duanαnd Bing-Lin Gu 

3P-27 Edge phonon of nano-graphite ribbons 157 

OM.ωaru Furukawa， Zheng F awei， Riichiro Saito 

3P-28 U1tra-fast structural change of graphite surface by pulse laser irradiation: A time-d巴pendentfirst-principles 158 

approach 

o Yoshiyuki Miyamotο 

Nanohorns 
3P-29 D巳tailedStructure Analysis of Carbon Nanohoms 

Michiko Irie， Ryota Yuge， Sumio IIJ・ima，OM.ωakoYud.αsaka 

3P-30 Isolating Individual Single-Wall Carbon Nanohoms From Their Aggregate 

OMinfang Zhang， Sumio Iijima， Masako Yudasaka 

3P-31 Plugs Formed by Hydrogen Peroxide Treatment at Holes of Carbon Nanohoms 

OJianxun Xu， Miηfang Zhang， Sumio Iijima， Masako Yudasaka 

Fullerene Solids 
3P-32 Epitaxial growth and electronic characterization ofMg-doped C60 
OMasato Natori， Nobuaki J{，のima，Hidetoshi Suzuki， MasqルmiYamaguchi 

3P-33 Pressu印刷InducedStructural Phase Transition of Solid C60 
o Yuichiro Yamagami， Susumu Saito 

3P-34 Electronic transport properties ofphoto-irradiated C60 
o Y Chiba， H. Tsu・i，MUeno， Shih-Ren Chen， N.Aoki， and YOchiαi 

XXVl 

159 

160 

161 

162 

163 

164 



Wednesday， March 4th 

3P・35Assembling behaviors of [70]fulleren巴onaddition of aIiphatic amines 165 
OKen-ichi Matsuoka， Tsuyoshi Akiyama， Sunao Yamada 

3P-36 Length growth measurement of C60 fullerene nanowhiskers 166 

OKayoko Hott，α， Kunichi Miyazawa 

3P-37 IntemaIization ofFullerene Nanowhiskers by PMA-treated THP-l Cells 167 

OShin-ichi Nudejima， Kun'ichi Miyazawa， Junko Okuda-Shimα'zaki and Akiyoshi Taniguchi 

3P-38 Water-Dispersible Fullerene Whisker 168 

o Yasuhiko Fujita， YutakαTa加guchi

3P-39 Transmission Electron Microscopy Observation ofCross-Sectional Structure ofC60 Nanofibers 169 

ORyoei Kato， Kun'ichi Miyazωω 

3P-40 Insulating behavior of CS3C60 at ambient pressure as probed by optical r巴flectivitymeasurements 170 

o Takumi Takano， Alexey Y. Ganin， Yasuhiro Takabayashi， Mαtthew J. Rosseins々 '， KosmωPrassid，回，
Yoshihiro lwasa 

XXVll 
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特別講演 1
lS-l 

SWCNT Growth 00 Substrates Studied by a Combioatorial Method 

Suguru Noda 

Dept. of Chemical System Engineering， The University ofあわ叫おわJO113-865丘Japan

Catalytic growth of SWCNTs on substrates by CVD is promising for direct fabrication 

of SWCNT devices. Catalyst nanoparticles have crucial roles in controlling their diameter， 

density， and length. We have developed "combinatorial masked deposition (CMD)" method 

[1] for preparing catalyst layers with controlled gradients in thickness and composition， and 
applied it to study SWCNT growth from both basic and application viewpoints. 

Growth methods of SWCNTs on substrates have been remarkably improved in recent 

years. People had been able to grow SWCNTs in a sub-μm thickness and obtain them in a 

"grass" morphology. Murakami， et al. realized micrometer-thick vertically aligned "forests" 

by alcohol CVD [2]. Soon afterラHataラetal. realized millimeter-thick forests by water-assisted 

CVD [3]. We applied our CMD method to these CVD methods， realized SWCNT forests [4，5]， 

and found essential roles of Mo co-catalyst [6] and Al-Si-Q "catalytic" support [7]. Real-time 

monitoring of growing SWCNTs on a CMD catalyst library (Fig. 1) now gives us growth 

curves for a series of catalysts in a single experimental run. 

Such remarkable progresses provide us new opportunities for practical application of 

SWCNTs. SWCNTs growing at ~μm/s can have a variety of morphologies 企omindividuals， 

grassesラspikesto forests (Fig. 2). It enables instant mounting of a large number of SWCNT 

device elements with controlled morphologies. Field emitters are a typical example: people 

have focused on individual tubes such as single-/double-/multi-walled and believed printing 

to be much easier than CVD. Figure 3 shows emitters ofMW-/SW-CNTs at high/low densities 

grown on a textured substrate [8]. We can systematically study catalyst conditions， CNT 
structure/morphologies， and emission performance in a single experimental run. 
Catalysts with engineered spatial distribution will白rtherbring out SWCNTs' potential. 

号 f qatalptq叫即時 by 叩吋t叩n~ ~it~ a山手S毛幼. ，吃
寝室 '"覆詔

Fig. 1. Rea1-time monitoring 
ofrapid1y growing SWCNTs 
on a combinatoria1 cata1yst librarγ. 

Fig. 2. Schematic of morpho1ogica1 variety in SWCNTs. 

Fig. 3. Combinatoria1 emitter fabrication and eva1uation. 

[1] S. Noda， et a1.， App1. Surf. Sci. 225， 372 (2004). [2] Y. Murakami， et a1.， Chem. Phys. Lett. 385， 
298 (2004). [3] K. Hata， et a1.， Science 306， 1362 (2004). [4] S. Noda， et a1.， Carbon 44， 1414 (2006). 

[5] S. Noda， et a1.， Jpn. J. App1. Phys. 46， L399 (2007). [6] H. Sugime， et a1.， Carbon， in press. [7] K. 
Hasegawa， et a1.， J. Nanosci. Nanotechno1.， in press. [8] Y. Shiratori， et a1.， J. Phys. Chem. C， in press. 

Corresponding Author: Suguru Noda 
TEL:十81-3-5841-7330，FAX:十81-3-584ト7332，E-mai1: noda@chemsys.tル tokyo.ac.jp
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Synthesis and properties of fullerene nanowhiskers 

and related fullerene nanomaterials 

Kun'ichi Miyazawa 

Fullerene Engineering Group， Advanced Nano Materiαls Laboratory， 
National Institute for M匂terialsScience， Tsukuba 305-0044， Japan 

Fine single crystalline fibers composed of C60ラ“C60nanowhiskers (C6oNW  s)"ラ were

discovered in 2001 in a colloidal solution of lead zirconate titanate (PZT) added with a small 

amount ofC60 [1]. C60 was used as an oxygen scavenger to hinder the formation ofpyrochlore 

phase of PZT. The PZT sol contained both the good solvent of C60 (toluene) and the poor 

solvent of C60 (isopropyl alcohol). This combination of good fullerene solvents and poor 

fullerene solvents is the basis of the liquid-liquid interfacial precipitation method (LLIP 

method) to prepare a variety of fullerene nanomaterials shown below [2]. 

The C60NW  s can be classified into the category of “fullerene nanofibers (FNFs)". The 

FNFs are composed of various fullerene molecules including higher fullerenes like C70， 
endohedral fullerenes and the other fullerene molecules with various functional groups. The 

FNFs can take single crystalline， polycrystalline， amorphous or polymerized structures. The 

fullerene nanowhiskers (FNWs) are the crystalline FNFsラandare normally single crystalline. 

On the other hand， the fullerene nanotubes (FNTs) are the FNFs with tubular structure and 

exhibit single crystalline， polycrystalline or amorphous structures. Fullerene nanorods and 

fullerene nanowires are classified into the category ofFNFs. The FNWs are sometimes called 

"fullerene nanorods" or “自Illerenenanowires" . 

The LLIP method can produce fullerene nano and micro sheets as well [3]. RecentlyヲChaet 

a1. invented the method to prepare vertically aligned C60 microtubes on AAO membrane 

substrates by modifying the LLIP method [4]， which is expected to open new and wider 

applications of the nano and micro fibers of fullerenes. Up to now， attempts to apply 

C60NW s to field-effect transistors and solar cells have been reported. The C60 whiskers 

exhibit size-dependent unusual properties. For exampleラ theelectrical resistivity of C60 

whiskers decreases with decreasing the whisker diameter [5后]and the Young's modulus of 

C60 whiskers increases with decreasing the whisker diameter [7ラ8]. In the presentation， the 

synthesis， property characterization and application of白llerenenanowhiskers and related 

fullerene nanomaterials are to be reported. 

[1] K.恥1iyazawa，A.Obayashi and M.Kuwabara， J.Am.Ceram.Soc.， 84ヲ3037(2001) . 
[ロ2]K 
[3] M.Sa幻th副1討lS泊handK.Mi砂ya但zawa弘，J.AmCh舵e仰ηmSoc.ラ129，13816(2007). 
[4] S. L Cha， K. Miya 
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Business Development of Fullerenes in Life Science Applications 

Shuichi Yamana 

Vitamin C60 BioResearch Corporation 

1-3-19 Yaesu Chuo-ku，あわ101 03-0028， ~αrpan 

Fullerene(C6o) is an excellent anti-oxidant material[l ][2]ラ andthat is why weラ

VitaminC60 BioResearch Corporation(VC60) started development of world-first 

cosmetic ingredient using Fullerene named “Radical Sponge(RS)". After its launch in 

year 2004， RS rapid1y captured interest of cosmetic industry as the effective ingredient 

for skincare topics such as brightening， and today， RS is used in more than 170 cosmetic 

brands and 300 kinds of cosmetic items. 

Here， we will introduce you RS with evidences to show it is useful to prevent skin 

problems from oxidative stress as well as its safety data.[3] We wiU also explain that the 

market of RS is expanding beyond skincare to hair care and laser care applications. 

In addition， the sister product of RSラ“LipoFul1ereneぺpurifiedoil containing 
fullerenesラ targetingprevention of wrinkle formation is scheduled to be availab1e this 

April. 

Finally， VC60 is committed to serve development of new applications for fullerenes in 

life science segment， and the cosmetic ingredient is just the first target. We will touch on 

our middle to long term targets to invite possib1e partners. 

References: 

[l]H.Takada et al.， Biosci.Biotechnol.Biochem.，70， 3088(2006) 

[2]L.Xhao et al.， Archives ofDermatological Research， 299， 245(2007) 

[3]T.Mori et al.， Toxicology， 255， 48(2006) 

Corresponding Author :Shuichi Yamana 

E-mail: Shuichi.Yamana⑨vc60.com 

Tel: +81-3-3517圃3251

Fax:+81-3-3517-3260 

Fig: Examples ofFullerene Cosmetic Products 
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Creation of FuIlerene-and Carbon Nanotube-Based Artificial 
Photosynthetic Systems 

Hiroshi Imahori 

1 Institute for Integrated Cell-Material Sciences (iCeMS)， Kyoto University， 

Nishiわ10・ku，Kyoto 615-8510， Japan 
2 Department of Molecular Engineering， Graduate School of Engineering， 
Kyoto University， Nishiわlo-ku，Kyoto 615-8510， Japan 

Exhaustion of the fossil fuels and the global energy concerns have never been 
recognized as seriously as recent days. In this context， research activities to acquire 
energy from the sun， as clean and inexhaustible resource， are being extensively 
exploited. Therefore， it is necessary to develop low-cost solar cells with high power 
conversion efficiency (η，). Organic solar cells would be promising candidates if they 

fulfi1l the requirements. It should be noted here that they bear unique advantages over 
inorganic solar cells (i.e.， flexibility， lightness， and colorfulness). Since the beginning of 
the 1990s， substantial advances in power conversion efficiency have been made in 
organic solar cel1s including dye-sensitized (up toη=7 -11 %) and bulk heterojunction 
solar cells (up toη=3-6%). 

In this contextラ extensiveefforts have been made in recent years to explore the 
photovoltaic and photoelectrochemical properties of electrodes modified with various 
donor and acceptor components toward the realization of highly efficient organic solar 
cells. In the design of organic solar cells we consider the following criteria: i) extensive 

light-harvesting in the visible region， ii) efficient energy transfer (exciton migration) to 
an interface of heterojunction and subsequent charge separation， and iii) efficient 
transport of separated electron and hole to respective elec仕odes，minimizing undesirable 
charge recombination. Accordingly， it is of vital importance to develop excellent donor 
and acceptor and organize the donor and/ or acceptor on the electrode surface at 
nanometer scale for fulfilling the requirements. 

In this talk， we will present chemical functionalization and application of a variety of 
fullerene-and carbon-nanotube-based systems toward the realization of efficient solar 
energy conversion. In particular， various donors and acceptors including porphyrins， 
fullere町民 andcarbon nanotubes have been successfully deposited electrophoretically 
onto nanostructured Sn02 and Ti02 electrodes which exhibit efficient photocurrent 
generation (up to IPCE of 60%). Such examples will give a deep insight for the 
design of organic solar cells with high cell performance. 

[1] T. Umeyama and H. lmahori， Energy Environmental Sci. (Perspective)， 1， 120 (2008). [2] T. 

Umeyama， M. Fujita， N. Tezuka， N. Kadota， Y. Matano， and H.lmahori， J. Phys. Chem. C， 111ラ 11484

(2007). [3] T. Umeyama，N. Tezuka， M. Fujita， S. Hayashi， N. Kadota， Y. Matano，and H.lmahori. 

Chem. Eur. J.， 14，4875 (2008). [4] 1. Umeyama， N. Tezuka， M. Fujita，Y. Matano， N. Takeda， K. 

Murakoshi， K. Yoshida， S.lsoda， and H. Imahori， J. Phys. Chem. C，I11， 9734 (2007). 

Corresponding Author: Hiroshi lmahori 

TEL: +81-75-383-2566， FAX・+81-75-383-2571，E-mail: Imahori@sclkyoto-u.ac.jp 
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Biological Reaction of N anotubes and N anoparticles : 
Functions and Risk Assessment 

o Fumio Watari 

Graduate School 01 Dental Medicine， Hokkaido Universi帆 Sapporo060-8586， Japan 

Nanosizing causes the conversion of白nctionsdifferent企omthe properties in 

macroscoplC S1Zeラwhichmay work both in merit and demerit for human beings. CNTs 

show the biological reaction different from macro graphite. 

Fig.1 shows the lysosome inside the macrophage in the subcutaneous tissue after 1 

week implantation of CNTsラobservedby TEM at 75kY. Many CNTs with the length 

220nm and the diameter 20-40nm were observed inside the lysosome after phagocytosis. 

Most of shorter CNTs (220nm) were contained in lysosomes， while for the longer 

CNTs(825nm) they were in cytoplasm and took more time to be observed in lysomes. 

Fig.2 shows the 1.2 MeV HVEM high resolution image of deteriorated企agment

of CNF crystallite with about 15 atomic layer thickness in lysosome of macrophage 

after 1 year implantation. With the implantation period the delamination between 

stacked graphene sheets occurred and length becomes shorter. 

Fig.3 shows the filopodia grown企omhuman osteoblast-like cells (Saos2) cultured 

on CNT scaffolds observed by SEM. Numerous filopodia were extended far long and 

combined with CNT meshwork， which reflects the high cell adhesiveness of CNTs. 

CNTs would work as scaffolds with the biocompatibility and characteristic features. 

[1] F.Watari， S InoueラNTakashi， Y Toωts叩uka丸，AYokoyama広:Trans 

Corresponding Aut白hoαIr: FumiぬoWATAR悶I 

TEL: +81-11-706-4253， FAX: +81-11-706-4251， E-mai1: watari@den.hokudai.ac.jp 

Fig.1 220nm CNTs in lysosome 
ofmacrophage (TEM at 75kV) 

Fig.2 Deteriorated CNF Fig.3 Filopodia extended far 
crysta1企agment(HVEM) 企omosteoblast-like cell on CNTs 
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Application of carbon nanohorns to anti-cancer drug carriers. 

M. Yudasaka 

Nanotube Research Center， Central5， AIST， Tsukubα， 305-8565， Japan 

Potential applications of single-wall carbon nanohoms (S¥¥明H)that have shown litt1e 

acute toxicity in various tailored animal tests， to the drug delivery system have been studied. 

We previously reported that the drugs were able to be incorporated inside SWNHs at room 

temperature through liquid phase， and the drugs were slowly released 台omSWNHs in the 

physiological solutions. Chemical modifications of SWNHs with hydrophilic molecules 

enhanced dispersion of SWNHs in aqueous solutions， and the modifications with the 

tumor-targeting molecules were also possible. The contrast agent (magnetite nanopartic1es) 

attachments enabled the in vivo visualization of SWNHs by magnetic resonance imaging. 

The effects of anticancer drugs loaded on SWNHs that were chemically-modified with 

PEG and proteins were examined in vivo by local chemothrapy. It was found that 

anticancer effects of the drugs were enhanced by using SWNHs. Cancer phototherapy using 

ZnPc/SWNH also exhibited high therapeutic effects than that without SWNHs. The details 

are presented in the talk， discussing how the effects of anti-cancer drugs were enhanced by 

using SWNHs. 

Acknowledgment: This work has been done under the CNT project of SORST-JST 

conducted by Professor S. Iijima. The results described above were obtained in the 

collaboration with members of SORST/JST Iijima project， Cancer Research Center (Dr. 

Shiba)， and Fujita Health University (Dr. Murakami and Professor Tsuchida). 

E-mail m-yudasaka@aist.go.jp 
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Photoluminescence Spectra from SWNTs Encapsulating Water Molecules 

OShohei Chiashi， Tateki Hanashirna， Ryota Mitobe and Yoshikazu Hornma 

D p々artment01 Physics，おかoUniversity 01 Science 
1-3 Kagurazaka， Shinjuku，あわ70162-8601，Japan 

Photolurninescence (PL) measurernent is one of the powerful too1s for analysis of 
S¥¥明Ts'chirality， though the PL spectra s仕ong1ydepend on environmenta1 conditions. 
SWNTs suspended between micro-structures do not touch any substrates or wrapping 
materials， and they are suitab1e for the investigation of the environmental effects of their PL 
spectra. By using the suspended SWNTs， we found that adsorption and desorption of gas 
molecules on SWNT surface influenced the optica1 transition energies [1]. 
In this study， we focused on the adsorption of the inner surface (so-called 

“encapsu1ation") as an additional adsorption site of gas molecules and investigated the PL 
spectra from opened-SWNTs. The spectra (a， b) in Fig. 1 were measured 企omas-grown 
suspended SWNTs in air and in vacuumラrespective1y.SWNTs in air were adsorbed by water 
molecules and their PL peaks red-shifted. The same suspended SWNT was heated in air at 
300 oC to open the caps， and then the PL rneasurernent was perforrned. The PL spectra from 
the oxidized SWNTs measured in air and in vacuum (spectra (c， d)) showed broadening and 
red-shift as shown in Fig. 1. However， the 
spectrurn (d) gradually b1ue-shifted and 
sharpened in vacuum and it agreed with the 
spectrum (b). After the introduction of water 
vapor into the vacuum chamber， the 
spectrum rapid1y red-shifted and it coincided ::e 
with the spectrum (a). After that it gradually 5 
red-shifted and broadened in air， and then it ~ 
agreed with the spectrum (c). The gradual 
peak shift and the broadening were explained 
by the insertion of water mo1ecules though 
the opened-caps. The water rno1ecules inside 
SWNTs as well as the water molecules 
adsorbed on the outer surface changed the 
dielectric constant and the optical transition 
energies ofthe S\\尽~Ts.

This work was partially supported 
by Grant-in-Aid for Scientific Research on 
Priority Area (#19054015)企omthe MEXT， 
Japan. 

(d) oxidized SWNT 
In vacuum 

(c) oxidized 
SWNT in air 

主的
c
s
c

(b) as--grown SWNT 
In vacuum 

(a) as--grown 
SWNT in air 

1300 1400 1450 1350 

Emission Wavelength (nm) 

Fig. 1 PL spectra from (a， b) as-grown and (cラ
d) oxidized S¥¥明Ts.The specむa(aラc)and the 
spectra (bラ d)were measured in air and in 
vacuurnラrespective1y.

[1] S. ChiashiラS.Watanabe， T. Hanashirna and Y. Homma， Nano Letters， 8， 3097 (2008). 

Corresponding Author: Shohei Chiashi 
E-mail: chiashi@rs.kagu.tus.ac.jp 
Tel: +81-3・5228-8244，Fax: +81・3-5261・1023

-7一



1-2 

Environmental effect on the exciton transition energy of 

single wall carbon nanotubes 

oRiichiro Saito1， Kentaro Sato1ラJunichiroShiomi
2
ラShigeoMaruyama

2 

lD々 partmentof Physics， Tohoku Universiか，Sendai 980-8578， Japan 
2 Department of Mechanical Engineering， The Universi秒ofToわ叫 113-865丘Japan

The optical transition energy of single wall carbon nanotubes (SWNTs) are frequently 

used for assigning (n，m) values of SWNTs in the resonance Raman spectroscopy， resonance 

Rayleigh spectroscopy and photoluminescence spectroscopy. Depending on the surrounding 

materials of SWNTs， the transition energy is shifted up to 1 OOme Vラwhichis known as the 

environmental effect. The ongm of the environmental effect is the modification of the 

Coulomb interaction between an electron and a hole of an exciton which is stable even at the 

room temperature. In the previous work， we discussed the environmental effect of a SWNT by 

the two dielectric constants of surrounding materials and the SWNT itself [1]ラwhichexplains 

well the dependence of the transition energy as a白nctionof the dielectric constant of the 

surrounding materials. However， the effective dielectric constants which are used for the 

exciton calculation depend on the diameter of SWNTsラ whichwas difficult for making a 

reasonable transition energy as a function of diameter (the Kataura plot) which can be 

applicable for many different surfactant materials [2]. Here， we present three m勾orresults of 

the progress of the environmental effect; (1) a fitting function of the dielectric function for 

reproducing the experimental Kataura plot， (2) a numerical simulation of the Coulomb 

interaction of the exciton in the presence of the surrounding the materials and (3) an analytic 

expression of the exciton Coulomb energy for two different dielectric constants. Now we can 

give a bright exciton Kataura plot for given dielectric constants of the surrounding materials. 

We will show the comparison with the experimental results of resonance Raman spectroscopy， 

tooぅwhichwill give an accurate results for a wide range of diameter up to 3nm and for an 

energy up to 3eV 

[1] Y. Miyauchi， R. SaitoラK.SatoラY.Ohno， S. Iwasaki， T. Mizutani， J. Jiang， S. Maruyamaラ

Chem. Phys. Lett. 442， 394-399ラ(2007).

[2] K. Sato， R. Saito， J. Jiang， G. DresselhausぅM.S. Dresselhaus， Vibrational Spectroscopy， 

45， 89-94 (2007). 

Corresponding Author: Riichiro Saito 

TEL: +81-22-795-7754， FAX: +81-22-795-6447， E-mai1: Isaito(al，t1ex.ohvs.tohoku.ac. jo 
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Low-Temperature Magneto-Optical Spectroscopy for Single SWNTs 

oRyusuke Matsunaga， Kazunari Matsuda， and Yoshihiko Kanemitsu 

Institute for Chemical Resωrch，めJotoUnかersi帆 Uji，Kyoto 611-0011， Japan 

Optical properties of single-walled carbon nanotubes (SWNTs) originated from 

one-dimensional excitons have attracted much attention. Very recently， the absorption and 

photoluminescence (PL) spectroscopy under pulsed magnetic fields have been performed to 

investigate an optically-forbidden (dark) exciton state. The dark exciton state near the lowest 

optically-allowed (bright) state has great influence on the optical properties of SWNTs. 

However， the ensemble-averaged optical spectra are inhomogeneously broadened， and the 

spectral changes in high magnetic fields have not been clearly observed. 

In this workラweperformed magneto-optical spectroscopy for single SWNTs [1]. The 

samples used in this work were isolated SWNTs， suspended on patterned Si substrates， 

synthesized by alcohol catalytic CVD methods. The 

PL spectra of single SWNTs have very narrow 

linewidths (~ 2 me V) at low temperatures (~ 20 K)， 

which allow us to observe small spec仕alchanges 

under low magnetic fields. As shown in Fig. 1， a 

single PL peak 丘omthe bright exciton was observed 

at zero magnetic field. With increasing the magnetic 

field parallel to the tube axisラ wehave observed 

another PL peak a few me V below the bright exciton 

PL peak at low temperatures. This additional peak 

arises from the dark exciton due to the symmetry 

breaking caused by the Aharonov-Bohm effect [2]. 

We have also investigated temperature dependence of 

the PL intensity ratio of the dark exciton to the bright 

exciton， and found that excitons are anomalously 

distributed between the bright and dark exciton states. 

Detailed mechanism wil1 be discussed. 

o data 
-ーー自社ing

口 bri

6T 

1.040 1.045 1 .050 
Photon Energy仲間

Fig. 1. PL spectra of a single SWNT 

under the magnetic fields at 9 K. 

[1] R. Matsunaga， K. Matsuda， and Y Kanemitsu， Phys. Rev. Lett. 101， 147404 (2008). 

[2] T. Ando， 1. Phys. Soc. Jpn. 75ラ024707(2006). 

Corresponding Author: Ryusuke Matsunaga 

TEL: +81-774-38・4513，FAX: +8ト774-38-4511，E-mai1: matsunagaryusuke@2059.mbox.media.kyoto-u.ac.j 
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Optical Properites of Single-Walled Carbon Nanotube in the UV Region 

Yoshiteru Takagi1，2 and Susumu Okada1，2 

1 Center for Computational Sciences and Graduate School of Pure and Applied Science， 

University ofTsukuba， Tsukuba 305-857スJ伊 an
2CREST， .h伊anScience and Technology Agency， 4-1-8 Honcho， Kawaguchi， Saitama 

332-0012， Jc苧an

Optical absorption spec仕oscopyis one of power白1tools to characterize the single-

walled carbon nanotubes (SWCNTs). The spec仕ac1ear1y depend not only on the diameter but 

also on chirali句，of the SWCNT. These properties are ascribed to由efact that the inter band 

回 nsitionoriginated企omthe discrete one-dimensional wave number around the K point of 

the graphene. In addition to the low-energy absorption spectra， recent experiments show that 

the significant diameter dependence of the absorption spectra in ul仕a-violateregion [1，2]. 

However， it is stil1 unc1ear吐leorigin of the diameter dependence. Thus， in the present work， 

we investig蹴 theabsorption spec回 interms of血einter band岡山itionin伽 UVregion 

based on a tight-binding approximation to unrave1 the origin of the dependence. We 

thoroughly calculate absorption coefficient of SWCNT whose diameter is出ln町出an1.4 nm. 

Calculated spec仕aof由eabsorption coefficient are shown in Fig.l. We find that由epeaks in 

the spectra substantially shift by changing the diameter ofthe nanotubes: The peaks in the UV 

region shi白upwardin energy by increasing tube diameter. These results are good agreement 

with the recent spec仕0回opicexperiments. In addition， we also find the chiral index pari勿

dependence ofthe peak shift in spec佐a.
I I主語狙geofdi畠meter

ofSWC対T

1.3 -1.4 nm Fig. 1. Absorption coefficient of SWCNT. Each 

spectrum is obtained by the sum of the spectrum of 

SWCNT ranging in the diameter shown in right side of 

1.2“1.3 nm 

1.1醐1.2nm

spec仕um.1.0-1.1 nm 

0.9幽 1.0nm

[1] T.Saito， S.Ohshima， T.Okazaki， S.Ohmori， M.Yumura， and S. 
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[2] K.Yanagi， private communication. 
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Electronic and Optical Properties of SWCNT Thin Films Deposited on 
Flexible Substrates by Dry-Process 

oTakeshi Saito1ラヘBikauShuklaラMotooYumural and S11mio Iijimal，3 

1 Nanotube Research Center， Nationallnstitute of Advαnced Industrial Science and 
Technology (AIS刀，Tsukuba 305-8565， Jap仰

34PRESTO，JGPGF1Science GF1d TechnoloDY Agency，KG下vaguchi332-0012，Japan
Department ~川laterialsScience and Engineering， 21st cenωη COE (Nanofactory)， Meij。

University， Nagoya 468-8502， Japan 

Single-wall carbon nanotubes (SWCNTs) conduct electricity well， which could rnake 

thern prornising for rnany electronic applications， such as transistor， chernical sensor， solar 

cell， and so on. Recently.ラ itwas found that the thin filrn constructed by networks of SWCNTs 

could perforrn a variety of basic electronic functions [1]. The thin filrn of SWCNTs has 

prepared by the WET process using the liquid dispersion of SWCNTs so far， but that is not 

generally as easy as it sounds. Once SWCNTs are rnixed in solvents， they tend to bundle 

togetherラrequiringsurfactants to keep thern isolated. It should be expected that surfactants 

would give an irnpedirnent to the electronic conductivity. FurtherrnoreラSWCNTscan be cut 

and shorten in the dispersion process that will cause the lowering of the device perforrnance. 

Therefore developrnent of the DRY process for preparing hornogeneous thin filrns of 

dispersed SWCNTs is eagerly anticipated. In the 33rd FN syrnposiurn， we had reported about 

the developrnent of the dry-process deposition systern for preparing the thin filrn of SWCNTs 

synthesized by the enhanced direct injection pyrolytic synthesis (e-DIPS) rnethod. 

Here we have perpared thin filrns of SWCNTs with different diarneter ranges 

deposited on flexible substrates by the abovernentioned systern. The electronic and optical 

properties of these filrns will be discussed in detailed. 

[1] G. Gruner， Scientific American， pp. 76-83， May 2007. 

Corresponding Author: Takeshi Saito 
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Pressure dependence of superconductivity in thin films of boron-doped 

carbon nanotubes 

M. Matsudaira1，OJ. Haruyama1，へ1.Nakamura1，T. Shimizu1， T. Eguchi2， T. Nishi02， Y. 
2 "T T 2 ，3 

HasegawaラH.Sanoラy.Iyeラ1.Reppert'， A. M. Rao 

1 School of Science and Engineerings， Material Science course， Aoyαma Gakuin Universiか;5-10-1 

Fuchinobe， Sagamihara， Kanagawa 229・8558，Japan 

21nstitute戸rSolid Stαte Physics， University ofTokyo， Kashiwanoha 5-1-5， K，αshiwa， Chiba 277-8581， 

Japan 

3Depar加の11of Physics and Astronomy， Center for Optical Materials Science and Engineering 

Technologies， Clemson University， Clemson， SC 29634， USA 

Abstract 

lt is known that the small mass of carbon can promote high transition temperature 

(Tc) in Bardeen-Cooper-Schrieffer (BCS) -type superconductivity (SC) and novel 

behaviors of SC can also be expected [1 -3]. In this viewpoint， SC in carbon nanotubes 

(CNTs) is attracting considerable attention and high Tc is expected [4 -7]. Recentlyラwe

have reported success白1boron doping into single-walled CNTs (SWNTs) via catalyst 

and revealed its correlation with Meissner effect (SC) by assembling the boron-doped 

S¥¥明Tsto thin film structures [8]. 

In the present study， we report pressure dependence of Meissner effect in the thin 

films of boron-doped S¥¥明Ts.We find an increase in T c of孔1eissnereffect from T c = 

8K to 20K by applying small pressureラ whilewe also find out that behaviors of 

magnetization under pressure is highly sensitive to film structures and magnitude of 

applied pressure. Optimization of these parameters may lead to higher T c・

References 

1. T. E. Weller et al.， Nature Physics 1， 39 (2005). 

2. N. Emery et al.， Phys. Rev. Lett. 95， 87003 (2005). 

3. E. A. Ekimov et al.， Nαture 428， 542 (2004). 

4. 1. Takesue， J.Haruyama Sぶ1aruyamaラH.Shinoharaet al.， Phys. Rev. Lett. 96，057001(2006). 

5. N. Murata， J.Haruyama， S.Maruyama， H.Shinohara et札 Phys.Rev. B 76， 245424 (2007). 

6. T. Koretsune， S. Saito， Phys. Rev. B 77ラ165417(2008) 
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Current-voltage Property Analysis of 
Carbon Nanotube at Room Temperature on Substrate 

oT，'omohiro TOJ0* Tomoko HARA * Yoshitaka MURAMOTO t Takuya YOKOMAE t 

Takuya HAYASHlt Yoong-Ahm KIM t Morinobu ENDO t 

*Depαrtment of Electricα1 and Electronic Engineering Graduate School of Science and 
Technology， Shinshu University 

t Department 01 Electrical and Electronic Engineering， Faculty 01 Engineering， Shinshu 
University 

Short Abstract: 

Carbon Nanotube (CNT) can be thought that a hexagonal network of carbon atoms 

has been rolled up cylindrically. Depending on unique structureラCNThas a lot of excellent 

properties. For exampleラ CNThas high electrical conductivityラmechanicalstrength， thermal 

conductivityラ andso on. When we focus on the electronic propertiesラ ballistictransport 

property[ll is expected to be useful for CNT七asedFET because miniaturization of Si-based 

circuit is reaching its practical limit. If it is possible to substitute CNTs for the devices， 

electronic mobility and current density will be higher than Si-based ones. Although 

observations of electronic transport of CNT at room temperature are reportedラtheeffects of 

the other factors such as substrate， etc. are not sufficiently elucidated[21. 

Therefore， in the present study， to explain the electronic transport of CNTs on the 

substrate at room temperatureラwehave measured and simulated the current-voltage (IDS-VDS) 

property. In the measurements， we found the ohmic relation from the IDs-V DS curve. Howeverラ

we found the current was anomalously changed at around VDS = O.25[V]. We performed the 

simulation of IDs-V DS property for several CNT models， and found a similar feature in the 

perfectly conducting tube models of zigzag type. Although there are other possibilities such as 

the lattice temperature and contact condition for the unusual featureラ electronicproperty of 

CNTs might also be playing a role in such features. Full resu1ts with in-depth discussion will 

be presented at the conference. 

[1] A. Javey， J. Guo， M. Paulsson， Q. Wang， D. Mann， M. Lundstrom and H. Dai， "High-Field， Quasi-Ballistic 
Transport in Short Carbon Nanotubes，" vol. 92ラp.106804， pf.りIS.Re以:Lett. (2004) 
[2] H. T. Soh， C. F. Quate， A. F. MorpurgoラC.M. Marcus， J. KongラandH. J. Dai，“Integrated nanotube circuits: 
Controlled growth and ohmic contacting of single-walled carbon nanotub巴s"vol. 75， p. 627， Appl. Phys. Lett. 
(1999) 
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Electric characterization of CNTs grown in nanosized via 

interconnects at low temperatures by remote plasma CVD 

OMasatomo lizuka1 ，Kentaro Ishimaru1， Daisuke Yokoyama
1 
， 

Takayuki Iwasaki1 ，Isamu Yuit02 ， Teruaki Takeuchi2， Shintaro Sat03， 

Mizuhisa NihdラYuiiAwan03 and Hiroshi Kawarada1 

1 School of Science and Engineering， Tf加edauniversi明Tokyo169-8555， Japan 

21f匂dedaNanotechnology Foundjη，おか0162-0041，Japan 

3 MIRAI-Selete， Atsugi 243-0197， Japαn 

We have grown mu1ti可walledcarbon nanotubes (MWCNTs) in vias (2Jl1ll) with remote 

plasma CVD， and measured their electric properties [1]. However the resistance of th巴CNTs

grown in smaller vias are needed to be evaluated because actual via sizes in LSI are smaller 

than we made. In this study， we fabricated fine vias (< 500 nm) made of MWCNTs， and 

characterized their properties by 4 probe mesurment. 

The via interconnects are designed in damascene 

process， and Co particles on TiN layer are used as catalysts 

[2]. Co particles were size classified (3.8nm) and deposited 

with impactor [3]. CNTs are grown at 390oC， which is 

under allowable temperature in Si LSI process. Then， 

CNTs were flattened with chemical mechanical 

polishing (CMP) to use inner shell conductions[l]. 

Figure 1 shows SEM images of vias shaved and 

filled with CNTs before and after CMP. CNT density is 

3.5 X 1011 cm-2 and CNT diameter is 7 nm. Figure 2 

shows I-V properties of 270 nm and 500 nm diameter 

vias. Resistively is 5.0 X 102 ~cm at 270 nm via， 

which is equivalent to the lowest value at 2μm via in our 

previous study [1]， in spite of decreasing via size. 

FIG. 1. SEM image of via 

(a)before CMP (b)after CMP 
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FIG.2 I-V properties of 270 

nm(solid line) and 500 

nm(dotted line) vias. 
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Characterizing thermal conductivity of vertically-aligned single-walled 

carbon nanotube films 

o Kei Ishikawa 1， Saburo Tanaka2
ラ
KojiMiyazaki2

ラ
JunichiroShiomi1， Shigeo Maruyama1* 

1 D~仰paαr仰伽t的伽mel陀m問e臼倒n附1t 0ザ1M胎E釘ωch加伽伽Gω仰n附1
L Department ~ザrBiωologiたCωαalF向un舵1CωctωiωOJ附1釘Sα仰ndE品ng♂i1即1犯eerωrバi1昭1智g， Kyushu Institute ofTechnology， 2-4 

Hibikino， Wak，αmatsu-ku， Kitakyushu-city， Fukuoka 808-0196 

Single田walled carbon nanotubes (SWNTs) are expected to possess high thermal 

conductivity. Thermal conductivity of individual SWNTs has been measured to be around 

3000 Wm-1K-1 [1，2]. Detailed heat conduction characteristics of SWNTs have been widely 
investigated numerically [3，4]. On the other hand， there are only a few reported works on the 
thermal conductivity ofvertically-a1igned SWNTs (VA-SWNTs); experimental measurements 
using laser flash method [5，6] and thermor・eflectancemethod [7]， and thus the property is far 
from being fully exploited. 

In this workラ thermalconductivity of VA-SWNTs has been measured by utilizing the 

3-omega method， which is commonly used for thin-films [8，9]. The obtained film thermal 
resistance 1 ~ 10 x 10-6 m2KW-1 is in fairly good agreement with the previous work [7]. 
Substituting the film thickness and neglecting the thermal resistance at the boundary， the film 
thermal conductivity is obtained to be around 1 Wm-1K-1

• The thermal conductivity of an 

individual SWNT estimated based on the filling ratio of the VA-SWNT film is 10
1 

~ 10ム

Wm-
1
K
1
. This value is quite low compared with that ofthe experimentally measured values 

of individual SV¥乃.JTs[1，2]. 
The current resu1t suggests that heat conduction through the VA-SWNT film is limited by 
the thermal resistance at the nanotube-substrate boundary and/or the metal-nanotube boundary. 

In order to characterize the thermal boundary resistanceラ wepropose and discuss a new 
measurement method utilizing the tempera同redependence of the Raman spectrum of 
SV¥弓.JTs.

[1] Pop， E.， Mann， D.， Wang Q.， Goodson， K. E.， and Dai， H.， Nano Lett.ラ6，96(2006) 
[2] Yu， C.， Shi， L.， Yao， Z.， Li， D.， and Majumdar， A.， Nano Lett.， 5， 1842 (2005). 

[3] MaruyamaラSラIgarashi，Y.， TaniguchiラY.，and Shiomi， J.， J. Therm. Sci. Tech.ラ1ラ138(2006). 

[4] Shiomi， J.， and Maruyama， S.ラJapanJ. Appl. Phys.ラ47，2005，(2008). 
[5] Akoshima M.， Hata， K.， Futaba， D.， Baba， T.， Kato， H.， Yumura， M.， 26th Japan Symp. Thermophys. Prop.， 
32 (2005). 

[6] Zhao， B.， Futaba， D. N.ラYasuda，S.， Akoshima， M.， YamadaラT.，and Hata， K.， ACS Nano (published online). 

[7] Panzer， M. A.， Zhang， 0.ラ Mann，D.， Hu， X.ラPop，E.， Dai， H.， and Goodson， K. E.， J. H，ωt Transj， 130， 
052401-1 (2008). 

[8] Cahill， D. 0.ラRev.Sci.lnstrum.， 61， 802 (1990). 

[9] Borca-Tasciuc， T.， Kumar， A. R.， and Chen 0.， Rev. Sci.lnstrum.， 72， 2139 (2001). 
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Molecular-Dynamics Simulations on Thermal Transport in 

Peapod and Multi-Walled Carbon Nanotube 

oFumio Nishimura1， Kazu戸lkiWatanabe 1へTakahiroYamamot03 

1 Department of Physics，おかoUniversity of Science， 

1-3， Kagur，α!zaka， Shinjuku-ku，あわ10，162-8601， Japan 

2 Resωrch Institute for Science and Technology，おかoUniversity of Science， 

1-3， Kagurazakα， Shinjuku-ku，おか0，162-8601，Japan

3 Department of Materials Engineering， The University ofあわゆ

7-3-1， Hongo， Shinjuku-ku，あわ叫 162-8601，Japan 

Carbon nanotubes (CNTs) are expected to have the highest thermal conductivity 

among all materials. Howeverラmostof theoretical researches on the thermal transport in 

CNTs have focused on individual single-walled CNTs (SWNTs)， although there are 

many experiments on multi-walled CNTs (MWNTs)ラaSWNT encapsulating fullerenes 

(peapod)ラandso on. In this work， we perform the molecular-dynamics (MD) 

simulations on the thermal transport properties of MWNTs and peapods， focusing on the 

length dependence of their thermal conductances. In our MD s幻1m乱m叫u叫Ila剖ti山ons，ラ weadopted 

Terso叩of住fι二:'B白ren白nne町rpotential for carbon-carbon covalent bonds and Le怠訓，ennar吋dιω-Jon悶1悶es

potential for van der Waals interactions between inter walls of a MWNT and between a 

wall and fullerenes ofthe peapod. We use Nosと-Hooverthermostat technique to keep 

temperatures of the hot and cold heat reservoirs constant with 31 OK and 290K， 

respectively. The figure shows the length dependence of thermal conductances of the 

individual (5，5) and (10，10) SWNTs， a peapod“C60s@(10， 1 O)SWNTぺand
double-walled CNT (DWNT) consisting ofthe (5ラ5)and (10，10) S\\弓~Ts. We found that 

C6os@(10，10)SWNT has thermal conductance little 

lower than that ofthe (10，10) SWNT. In contrastラthe

thermal conductance of (5，5)-(1 0， lO)DWNT is almost 

equal to the sum of ther百lalconductances ofthe (5，5) 

and (10，10) SWNTs. In the presentationラwewi1l 

discuss the physical origin of those phenomena in 

detail. 

Corresponding Author: Kazuyuki Watanabe 
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Direct Determined Precise Electronic States of 
Single-Walled Carbon Nanotubes 

。YasuhikoTanaka 1， Yasuhiko Hirana 1
ラ
andN aotoshi N akashima 1，2 

lDepartment 01 Applied Chemistりl，Graduαte School 01 Engineering， 

Kyushu UniversiかjFukuoka 819-0395， ~αrpan. 

2CREST， Japαn Science and Technology Agency， 5 Sanbancho， Chiyoda-ku， 
おか0102-0075，J(ψan 

Since the discovery of carbon nanotubes (CNTs)， many groups have investigated to 

understand the fundamental properties of the CNTs and explored their applications in 

nanomaterials science. Electronic structures of CNTsラoneof the most fundamental features 

of nanotubesラ stronglydepend on their diameter and chirality[ 1] and can be tuned by 

electrochemical or chemical doping[2-6]. For many practical applications of nanotubes 

including the development of nano-electronic devicesラ energycells， supercapacitors， sensors 

and actuatorsラredoxdoping of nanotubes plays a central role. 

The work function (WF)ラorF ermi level， of single-walled carbon nanotubes (SWNTs) 

is a critical quantity for understanding the fundamental electronic nature of nanotubes[l]. 

Here we report for the first time a method for determining the redox potentials， Fermi levels 

and WFs of several (here nine) isolated SWNTs. We detected photoluminescence (PL) signals 

from the isolated SWNTsラ whichshowed a strong applied-potential dependence. Using the 

Nemst equation analysis of the PL data， the formal potentials of nine SWNTs could be 
determined. By using the bandgap values of the SWNTs[7]ラwecalculated the Fermi levels 

and WFs of the isolated SWNTs， which were compared with values determined from first 

principles calculations[8，9] and found th瓜 bothmethods show similar S¥¥明Tchirality 
dependencies. 

[1] R. Saito， G. Dresse1hausラM.S. Dr郎氏lhaus，Physical Properties 01 Carbon Nanotubω.， Imperial College 
Pr巳ss:London， 1998. 

[2] L. Kavan， P. Rapta， L. Dunsch， Chem. Phys. Lett. 2000ラ328，363-368. 

[3] S. Kazaoui， N. Minami， N. Matsuda， H. Kataur丸Y.Achiba， Appl. Phys. Lett. 2001， 78，3433-3435. 

[4] S. Kazaoui， N. Minami， H. Kataura， Y. Achiba， Synth. Met. 2001，121，1201-1202. 

[5] L. KavanぅP.Rapta， L. Dunsch， M. 1. Bronikowski， P. Willis， R. E. Small巴yラJ.Phys. Chem. B 2001， 105， 

10764-10771. 

[6] K.-I. Okazaki， Y. Nakato， K. Murakoshi， Phys. Rev. B 2003， 68， 035434. 

[7] R. B. Weisman， S. M. Bachilo， Nano Lett. 2003， 3， 1235-1238 

[8] B. Shan， K. Cho， Phys. Re以，Lett. 2005， 94， 236602. 
[9] V. Baroneラ1.E. Peraltaラ1.Uddin， G. E. Scuseria， J. Chem. Phys. 2006， 124， 024709. 
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Intrinsic Electron Dipoles in Capped Carbon N anotubes 

Minoru Otania and Susumu Okadab，c 

αAIST， Umezono， Tsukubα305-8568タ Jαpαη
bGmduαte School of Pure αnd Applied Sciences fj Center for Computαtional Sciences， 

Univεγsity of Tsukubα， Tennodαi， Tsukubα305-8577， Jαpan 

cCRESTフ JST，4-1-8 Honcho， Kαωαguchi， Sαitαmα 332-0012， Jαpαη 

Following discoveries of fullerene and carbon nanotubeう therehave been a lot of 

experimental and theoretical studies on these nanometer-scale materials. Althoughう

these materials are known to consist of C atoms with three-fold coordination as in the 

case of the graphiteう theirglobal network topologies are vastly di旺erenteach other: 

The fullerenes possess hollow-cage structures with zero-dimension due to existence of 

twelve pentagons; The nanotubes possess one-dimensional structures. These peculiar 

global network topologies significantly result in interesting variations in their electronic 

properties. In the ful1erenes， it has been clari五edthat the electronic structure is de-
termined by the size and symmetry of the carbon cage. On the other handう inthe 

nanotubesう earlytheoretical studies have revealed that nanotubes are either metals 

or semiconductors depending on their chiral indexes. Thusうthehybrids consisting of 

fullerenes and nanotubes exhibit u日usualelectronic properties depending on those of 

each constituent. Indeedぅourrecent calculation show that the charge transfer from 

nanotubes to C60 are found to take place in the C昨 peapods[S.Okada， et al. Phys. 
Rev. Lett. 86ぅ3835(2001)]. The capped nanotube can be reg乱rdedas another proto-

type for such systems with the dimensional mixing that induces di旺erentcharacteristics 

from simple sum of each unit. 

In the present workうweinvestigate the electronic structure of capped carbon nan-

otubes. Hereぅ weconsider the (10ヲ10)nanotube one of which ends is capped by a 

hemispherical piece of a h fullerene of C240・Theother end of the nanotubes are ter-
minated by H atoms to simulate an infinite capped tube. The electronic structure of 

the nanotube are calculated by using the local density approximation in the density 

functional theory. Our calculations show that the capped nanotube intrinsically pos 

sesses electron-dipole moment around the cap region. Calculated amount of the dipole 

is 10.2 debye. The dipole causes from the charge transfer from the nanotube to the 

hemisphere due to the electron a伍nitydifference of these constituent. The results give 

a key to unravel the self-organized alignment of the nanotubes under the electron五eld.

Corresponding Author: Minoru Otaniぅminoru.otani⑬aist.go.jp
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Hydrogen Adsorption on Carbon N anotubes under Tensile Strains 

oTakazumi Kawai1， Yoshiyuki Miyamoto1ヱ

1 Nano Electronics Resωrch Laboratories， NEC Corporation， 34 Miyukigaoka， Tsukuba 

305-8501， Japan 

2CREST， ~αrpan Science and Technology Agency， 4-1-8 Honcho， Kawα~guchi， Saitama 

332-0012， Japan 

Acon仕01of the adsorption of mo1ecu1es on carbon nanotubes (CNTs) is important for the 

app1ication for mo1ecu1ar storages and a1so modification of electronic structure of CNTs since 

the e1ectronic structure 1argely depends on the adsorption sites and the quantity of adso中tion.

Especially， a chemisorption of gas mo1ecu1e introduces introduces a defect in the network of 
1[ -e 1 ectronsラ wherethe corresponding e1ectronic states appeared near at the Fermi 1eve1 and 

drastically change the e1ectronic properties of carbon nanotube. 

The properties of mo1ecu1ar adsorption are known to depend on the e1ectronic states of the 

nanotubes. The e1ectronic states are decided by the chirality of the nanotube， which is difficult 
to change reversib1y. However， the tensi1e strains can also modify the e1ectronic states of the 
nanotubesラandthey vary by the chira1ity of the nanotubes. Thusラthereis a possibility for 

contro1 ofthe mo1ecu1ar adsorption by using a tensile force acting on the CNTs.[l] 

Hereラ weperformed first principles calculations for adsorption of hydrogen mo1ecule on 

the nanotube surface under tensile strains. We found that the change in the e1ectronic 

structures under tensi1e strain affects not only the energetics of a hydrogen adsorption but a1so 

the reaction barrier heights for the dissociative adsorption of hydrogen mo1ecu1e. The change 

in the reaction barrier is exp1ained by the band gap modu1ation due to the tensi1e strain. We 

will also discuss the stability of severa1 adso中tiongeometries and change in the electronic 

structures. (Fig.l) 

Fig.l Schematics of adsorption geometries for hydrogen molecule on CNTs. 

References 
[1] L. Yang and J. Han， Phys. Rev. Letts. 85， 154 (2000). 
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Observation of Photoinduced Current in Azafullerene Cs9N Encapsulated 

Single-Walled Carbon Nanotubes at Low Temperatures 

oYongfeng Li， Toshiro Kaneko and Rikizo Hatakeyama 

Dぐpartmentof Electronic Engineering， Tohoku Universiか~ Sendai 980-8579， Japan 

In this work， the photoinduced electrical transport properties of azafullerene C59N 

encapsulated single-walled carbon nanotubes (C59N@SWNTs) 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-desorption time-of-flight mass spectrometer. The encapsulation of C59N azafullerene 

into SWNTs is prepared by either a vapor reaction method or a plasma ion irradiation method. 

The transport properties of azafullerene peapod are studied both in dark and upon light 

illumination. Compared with p-type characteristics of pristine SWNTs or C60 fullerenes 

encapsulated SWNTsぅn-typesemiconducting SWNTs are observed for the C59N fullerene 

peapod [1]. Our findings demonstrate that azafullerene molecules inside SWNTs make 

nanotube FET devices extremely sensitive to light， and the prominent response of the device 

to light is the sharp decrease of source-drain current under incident illumination at room 

temperature， as shown in Fig. l(a). The photoswitching effect is found to depend on 

wavelengths of light and becomes gradually weak when the wavelength is increased to 480 

nm. However， at low temperatures， the current shows an increase upon incident illumination， 

as seen in Fig. l(b). This photoinduced current depends strictly on the temperature and 

becomes negligible with increasing tempera同resover 100 K， from which the decrease of 

current appears to occur again with incident illumination. The observed photoinduced current 

is possibly due to a mobility increase ofthe carrier at low tempera同res.

15i (a) 尋 400 
f(b) 
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Fig.l Characteristics of source-drain current (IDS) vs. gate vo1tage (ん)upon incident 
illumination (390 nmラls)for a C59N@SWNT at 300 K (a) and 10 K (b) 

[1] T. Kaneko， Y.F. Li， and R. Hatakeyama， J Am. Chem. Soc. 130，2714 (2008). 
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Improvement of the performance of CNT thin-film transistor by using 

high purity semiconducting SWCNTs 

o Shunjiro Fujii 1， Takeshi Tanaka 1， Hehua Jin 1
ラ
YasurnitsuMiyata1

ラ
HiroshiSuga 

1
ラ

Yasuhisa N aitoh 1， Takeo Minari 1 ， Tetsuhiko Miyadera 1
ラ
KazuhitoTsukagoshi 

1， 
Hirornichi Kataura1，2 

lNαnotechnology Research 1nstitute， Nαtional 1nstitute of Advanced 1ndustrial Science 
。ndTechnologies (二41S刀，Tsukuba， 1baraki 305-8562， Japan 

2 JST， CREST， Kawαguchi 330-0012， Japan 

Serniconducting single-wall carbon nanotubes (SWCNTs) are a candidate rnaterial 

for high-perforrnance thin-filrn transistors (TFTs) because of their superior transport 

properties. Recently， we achieved enrichrnent of serniconducting SWCNTs by a new 

separation rnethod using agarose gel [1，2]. In this studyラwehave fabricated a nurnber of 

SWCNT TFTs using separated serniconducting SWCNTs (S-TFT) and cornpared the 

perforrnance with that ofpristine SWCNTs (P-TFT) 10-5 

without electrical breakdown treatrnent. 10-6 

10-7 
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SWCNT TFTs were fabricated by dropping a 

SWCNT dispersion in N-rnethy1pyrro1idone onto a 

Si02/Si substrate covered with self-assernbled 

rnonolayer of 3引 ninopropyltriethoxysilane，

followed by depositing Au/Cr electrodes on it. The 

channel length and width were 10 and 200μrn， 

respectively. SWCNT network structures in the 

channels of S-and P-TFTs were confirrned to be the 

sarne by AFM observation. 

-40 ・20 0 20 40 

Figure 1 shows typical transfer characteristics. 

Figure 2 shows on-state current (1on) versus on/off 

ratio for all TFTs fabricated in this work. It can be 

seen that S-TFTs achieved 100 to 1000 tirnes higher 

on/off ratios than those of P-TFTs without 

decreasing 1on. These results indicate that the 

perforrnance of TFTs was highly irnproved by using 

high purity serniconducting SWCNTs. 

References: 

[1] T. Tanaka et al.， Appl. Phys. Express 1 (2008) 11400 1 

[2] T. Tanaka et al.， submitted 
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Fig. 1 Source-drain current (I，'d) vs gate 
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Carbon N anotube Black Body: 
Highly Efficient Light Absorber 

by Vertically Aligned Single Walled Carbon N anotubes 
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Among all the known materials， we found that a forest of vertically aligned single 

walled carbon nanotubes behaves most similarly to a black body; a theoretical material that 

absorbs all incident light. 

The requirement for an object to behave as a black body is to perfectly absorb light of 

all wavelengths. As a result， it appears perfectly black at room tempera印reand is the most 

efficient thermal absorber and emitter， which makes it valuable for many applications. The 

radiation spec仕umof a black body is determined solely by the temperature and not by the 

materialラproperties，and structure. These features as an ideal source to emit or absorb thermal 

radiation make the black body valuable for many applications. However， this important 

feature has not been observed for real materials because materials intrinsically have specific 

absorption bands due to their structure and composition. 

For the first time， we found a material that can absorb light almost-perfect1y across a 

very wide spectral range. Specificallyラ fromoptical studiesラwerevealed that a SWNT forest 

possesses a nearly constant and 田町unityemissivity (absorptivity) ofO.98-0.99 across a wide 

spectral range from ultraviolet (200 nm) to far infrared (200μm) [1，2]. We attribute this black 

body behaviour to stem from the sparseness and imperfect alignment of the vertical single 

walled carbon nanotubes. 

[1] K. Hata， D. N. Futaba， K. Mizuno， T. Namai， M. Yumura and S.l討ima，Science 306， l362・l364(2004). 

[2] K. Mizuno， J. lshii， H. Kishida， Y. Hayamizu， S. Yasuda， D. N. Futaba， M. Yumura and K. Hata， Proc. Natl 

Acad. Sci. USA， submitted. 
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Evaluation of dispersion state of carbon nanotubes/UV-curable resin 

nanocomposites by resonance Raman spectroscopy 

OTakahiro Fukumarut， Tsuyohiko Fujigaya1 and Naotoshi Nakashima1，2 

1 Department 01 Applied Chemistry， Graduαte School 01 Engineering， Kyushu University， 
744 Motookα， Fukuoka 819-0395， ~αrpan 

2 Japan Scienceωld Technology Agency， CREST， 5 Sanbancho， Chiyoda-ku，おか0，

102-0075， Japαn 

The homogeneous dispersion of carbon 

nanotubes (CNTs) in polymer matrix is essential to 

maximize the CNTs' properties such as exceptional 

mechanical strength and electric conductivity of 

the composites. We reported composites of 

single-walled ca巾on nanotubes (SWNTs) and 

UV-curable monomer (1 : Fig. 1) by solvent-仕切

photopolymerization and the composite films 

exhibited extremely low electric percolation 

threshold at around 0.05 wt% SWNT-loading and 

excel1ent processability requirements [1]. 

In this presentationラ we report the 

evaluation of bundled degrees of SWNTs in the 

composite films based on the intensity change in 

the radial breading mode (RBM) of their Raman 

spectra at a 785 nm excitation [2]. The RBM in the 

SWNT Raman spectra at a 785 nm excitation reflects the degree of aggregation of SWNTs 

based on the fact that the RBM at around 267 nm of (10，2) Sv.明Tsis absent in the isolated 
SWNTs but is present in the bundles of the SWNTs. Fig. 2 shows the Raman spectra in the 

RBM region ofSWNT/l films with 0.05 wt% and 5.0 wt% loading ofthe SWNTs. This result 

indicated that the composite films contain bundled SWNTs and degree of debundling varies 

with the SWNT concentration. 

今十吋G100や〉01r
Fig. 1 Chemical structure of monomer 1. 
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Fig. 2 Raman spectra (excitation at 785 nm) in 

the RBM region of SWNT/l films with 0.05 

wt% (dotted line) and 5.0 wt% (solid line) 

loading of the S"VI乃Hs.

[1] T. Fujigaya， S_ Haraguchi， T. Fukumaru， N. Nakashima， Adv. Mater. 2008， 20， 2151. 

[2] T.Fujigaya， T. Fukumaru， N. Nakashima， Synthetic Metals. in press. 
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Near-IR Laser-Driven Reversible Volume Phase Transition of Single-Walled 

Carbon Nanotubes / Polymer Gel Composites 

oT;atsuro Morill削 Q¥Tsuyohiko Fujigaya1， and Naotoshi Nakashima1， 2 

1 Department of Applied Chemistry， Graduate School 01 Engineering， Kyushu University， 744 

Motooka， Fukuoka 819-0395， Japan 

2 JST-CREST， 5 Sanbωcho， Chiyoda-ku，あわ70102-0075，Japan 

Single-walled carbon nanotubes (SWNTs) are nanomaterials possessing remarkable 

electrical， mechanical and thermal properties and show characteristic absorption bands in the 

near-lll仕ared (NIR) region [1]. On the other handラ polymergels， such as poly 

(N-isopropylacryl-amide) gel is of interest in wide area of science and technology from the 

aspects ofboth fundamentals and applications， because it shows volume phase transition [2]. 

The particular properties of SWNTs and polymer gels motivated us to composite them， 

aiming at novel functions. Thereforeラwehave developed SWNTs / Polymer gel composites. 

Illuminating the NIR laser light caused volume phase transitions of the composite gels 

thorough the photothermal effects of SWNTs [3]， and desired responses of the composite gels 

were achieved easily by vaηing some parameters like the concentration of SWNTs and the 

laser output. Then we focused on the way to prepare composite gel， particularly the means to 

dissolve SWNTs as another parameter. The previous technique was to treat SWNTs with 

strong acid for dissolving them in water. It was however， treating SWNTs with acid resulted 

in much lower absorption around NIR region than the pristine ones as well as transformation 

into very short debrisラwhichmay disturb the distinctive properties of SWNTs. 

In this study， we used surfactantsラ sodiumdodecylbenzenesulfonate， to dissolve SWNTs. 

That realized SWNTs / Polymer composite gel which SWNTs of it were intactラandthe gel 

showed some interesting behavior. For example， it showed very rapid response time derived 

from large absorption than the case of acid-treated SWNTs. We expect it to have large elastic 

modulus because SWNTs and polymer gel are considered to form the inter penetrating 

network by their long silhouette. We also anticipate the gel to work as a drug delivery carrier 

utilizing the surface of the SWNTs as hydrophobic scaffolds. 

[1] M. J. O'Connell et al.， Science 2002，297，593-596. 

[2] T. Tanaka et al.， Phys. Rev. Lett. 1985，55，2455-2458. 

[3] T. Fujigaya et al.， Adv. Aぬt町 2008，20，3610・3614.
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Examination of the factors affecting in vitro evaluation of cellular 

responses induced by fullerene C60 

oMasanori Horie1， Keiko Nishio1
ラ
NaohideShinohara2

ラ
HaruhisaKat03， 

Ayako Nakamura3
ラ
KatsuhideFujita1， Shinichi Kinugasa3， Shigehisa Endoh4， 

Hitoshi Iwahashi1， Yasukazu Yoshida1 and Junko Nakanishi2 

1 Health Technology Research Center， Nationallnstitute of Advαnced Industrial Science 

and Technology (AIS刀Kansai，Ikeda 563-857スJαrpan
2 Resωrch Institute of Science for Safety and Sustainability， AIST Tsukuba， 

Tsukuba 305-8569， Japan 

3Nαtional Metrology Institute of Japan， AIST Tsukuba 

4 Research Institute戸rEnvironmental Management Technology， AIST Tsukuba 

Fullerene is gaining attention as a material with new functionalities; it has been used not 

only for industrial pU中osesbut also for life-science四relatedapplications such as cosmetics. 

On the other handラtheinf1uence of fullerene on human hea1th has not been elucidated. In 

vitro experiments are useful in understanding the potential risk and under1ying mechanisms 

and also risk assessment. The determination of fullerene concentrationラsecondarypartic1e 

size， and dispersion stabi1ity is important in understanding the cellular responses to 

fullerene. In this study， we prepared a cell-culture medium in which C60 is dispersed 

without dispersant. The secondary partic1e size was determined by using the dynamic light 

scattering (DLS) method. The C60 dispersed in the medium was stable during the 

experimental procedure. The dispersion was applied to culture cells and its inf1uence on 

cell viabi1ity was examined. The C60-dispersion exhibited verγlittle inf1uence on cell 

viabi1ity; however， apoptosis was induced. Furthermore， we examined the 

protein-adsorbing ability of C60 and found that C60 adsorbed proteins in the culture 

medium. Protein adsorption is an important property in evaluating the cellular inf1uence of 

C60， because protein adsorption induces medium depletion and changes the biological 

activity of C60. The cellular responses induced by C60 may inc1ude the effect of protein 

adsorption. We aim to conduct future studies to assess the role of protein adsorption in the 

cellular responses to C60. 

This work was funded by NEDO Grant “Evaluating risks associated with manufactured 

nanomaterials (P06041)". 
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Detailed characterization of cellular responses induced by fullerene C60 
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3
， 

Ayako Nakamura3， Katsuhide Fujita1， Shinichi Kinugasa3ラShigehisaEndoh
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1 Health Technology Research Center， National1nstitute of Advanced 1ndustrial Science 

αnd TechnologyμIS刀Kansai，1keda 563国857スJapan
2 Research Institute of Science for Safety and Sust，αinabiliか"A1ST Tsukuba， 

Tsukubα305-8569， ~αrpan 

3 National Metrology 1nstitute of Japan， A1ST Tsukuba 

4 Research 1nstitute for Environmental Management Technology， AIST Tsukubα 

1n vitro experiments are useful in understanding the potential risk and underlying 

mechanisms and also risk assessment. In order to understand the cellular responses 

induced by exposure to白llereneC60， we examined and characterized the cellular 

responses induced by dispersion ofC60 in cultures ofhuman keratinocyte HaCaT cells 

and human lung carcinoma A549 cells. C60 was dispersed in cell-culture media (10% 

fetal bovine serum -supplemented DMEM). The cellular analyses and dynamic light 

scattering (DLS) measurements for secondary particle size and stability were performed 

simultaneously. The C60-medium dispersion was almost stable during the experimental 

period. Flow cytometric measurements revealed that there was a slight increase in the 

number of apoptotic cellsラbutwe did not observe the activation of caspase-3. 

Furthermoreラweassessed the oxidative stress in C60-exposed cells. The intracellular 

reactive oxygen species (ROS) level showed a tendency to increase， but there was no 

significant increase in the intracellular lipid peroxidation level. We observed an increase 

in the gene expression ofheme oxygenase-1 (HO-1)， which is an antioxidative marker. 

These results indicate that C60 induces oxidative stress and subsequent apoptosis. 

Howeverラtheinfluence of C60 on culture cells is weaker than that of toxic nanoparticles 

such as nickel oxide. In this study， C60 adsorbed proteins in the culture medium. Further 

investigation on the effect of protein adsorption on cellular responses is needed to clarify 

this observation. 

This work was funded by NEDO Grant “Evaluating risks associated with manufactured 

nanomaterials (P06041)". 
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Structure determination and chemical functionalization of 
metallofullerene SC2CS2 

o Hiroki Kuriharal， Yuko Yarnazaki1， Naorni Mizorogil， Midori O. Ishitsuka¥ Takahiro Tsuchiya1， 
Shigeru Nagase2 and Takeshi Akasaka1 

1 Center for Tsukuba Advanced Research Alliance， University of Tsukuba， 

Tsukuba， Ibaraki305・857スJapan
2Department ofTheoretical and Computational Molecular Science， 

Institute for Molecular Science， Okazaki， Aichi 444-8585， Jap仰

Endohedral rnetallofullerenes have attracted special attention as new spherical rnolecules with 

unique properties that are unexpected for ernpty fullerenes [1]. Scandiurn rnetallofullerenes are of 

special interest because of the high variety of fullerene sizes and of encapsulated structures inside a 

hollow fullerene cage. Recently， it was corrected that the structure of several Scandiurn 

rnetallofullerenes were not rnetal but rnetal carbide encaged inside fullerenes (SC2C2@CS4 [2]， 

SC2C2@CS2 [3]， SC3C2@CSO [4] etc) by both 13C NMR and X-ray structural analyses. 

For the rnetallofullerene SC2CS2 was only characterized by UV/Vis/NIR absorption spectrornetric 

rneasurernents and theoretical calculation. While experirnental evidence of structure has not yet 

been reported because of 13C NMR rneasurernents was precluded by the very low solubility [5]. 

Recently， we have found that the addition of adarnantylidene (Ad:) to La@CS2 regioselectively 

proceeds to afford the rnono-adducts [6]. The selectivity of the addition reaction is very irnportant 

for further applications of endohedral rnetallofullerenes. 

In this context， we report here the preparation and its characterization of both SC2CS2 and 

Sc2CsiAd) by rneans of spectroscopic analysis， and redox property， theoretical calculation and X-

ray single-crystal structure analysis. 

[1] Endofullerenes: A New Farnily of Carbon Clusters; Akasaka， T.， Nagase， S.; Eds.; Kluwer: 

Dordrecht， 2002. 

[2] Wang， C. R. et al. Angew. Chem. Int. Ed. 2001，40，397. 

[3] Iiduka， Y. et al. Chem. Commun. 2006， 2057. 

[4] Iiduka， Y. et al. J. Am. Chem. Soc. 2005， 127， 12500. 

[5] Wang， C. R. et al. Chem. Phys. Lett. 1999，300，379. 

[6]加laeda，Y. et al. J. Am. Chem. Soc. 2004， 126， 6858. 
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Ultraviolet Photoelectron Spectroscopy of SC2C2@Cs2(II) 

oTakafumi Miyazaki1， Yuusuke Aoki1， Yo可iTokumoto¥ Ryohei Sumii2， Haruya Okimoto3， 

Hisashi Umemoto3ヲYasuhirolto
3， Hisanori Shinohara3， Sh吋unHino1 

1 Graduαte School of Science & Technology， Ehime Universiか
2 Institute for Molecular Science 

3 Graduαte School ofScience， Nagoya University 

Photoelectron spectroscopy and theoretical calculation have determined the electronic 

structure of metallofullerenes. As the results it has been found that oxidation state of 

Sc@CS2 was determined to be Sc
2
+⑨CS2
2-and that C3v-SC2C2@CS2 and Y 2C2⑧CS2 (111) as well 

as Y2⑧CS2 (111) have analogous electronic structure. In this study ultraviolet photoelectron 

spectra (UPS) of SC2C2⑨CS2 (11) were measured and compared with other endohedral CS2 

cage fullerenes. 

The UPS show the Figure 1 shows the hv dependence of the UPS of SC2C2⑨CS2 (11). 

intensity oscillation as were observed in the 

fullerenes. 

hv= 

60eV 

55eV 

50eV 

45eV 

40eV 

35eV 

30eV 

21.22eV 

25eV 

師一
F
F
』

コ

o
u
z
o』
Huo一也
o--oza

of spectral 

SC2C2⑨CS2 (11) (Eon剖)is 0.52 eV at 40eV 

irradiation， which is smaller than 

onset The other 

that of 

empty CS2 (Eonset=1.2eV). The spectra 

deeper than 5 eV resemble the ones of other 
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cage symmetry. As for upper valence band 

region (0・5eV)， the UPS of SC2C2@CS2 (11) 
are different from C2v-Sc⑧CS2' This could 

the difference the of III interpreted be 

amounts of transferred electrons from the 

entrapped species. 

quite analogous to those of M2@C82 (M=YC， 

ErC) having the same CZv cage 

These findings could be helpful 

deduce the electronic 

However， the UPS are 
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to information 

Figure 1 The hv dependence of UPS of 
SC2C2@Csz(II). 

structure of endohedral fullerenes. 
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Energy Level Alignment of Interfaces Related to PCBM: 
PCBMI Ag Substrate， PCBMlPhthalocyanines 

oKouki Akaike¥ Kaname Kanai2， Yukio Ouchi1 and Kazuhiko Seki1 

lDepαrtment of Chemistry， Graduate School of Science， Nagoya University， Nagoya 

464-8602， Japan 
2Research Center for Materials Science， Nagoy~ University， Nagoya 464-8602， Japan 

Recently， the soluble C6o-derivatives have been synthesized for the fabrication of 

organic photovoltaics (OPVs) using solution-processes. [6，6]-phenyl-C61-butyric acid methyl 

ester (PCBM) is one of them and often used as the n-type semiconductor for OPV s. Since the 

charge extraction and separation in OPV s occur at PCBM/metal and PCBM/organic interfaces， 

respectively， understanding the interfacial electronic structure of PCBM is desired. However， 

it has not been studied yet. In this study， we investigated the energy level alignment of 

PCBM/Ag substrate， PCBM/copper phthalocyanine (CuPc) and zinc phthalocyanine (ZnPc) 

interfaces by ultravioletlX-ray photoelectron spectroscopy (UPSIXPS) and inverse 

photoemission spectroscopy (IPES). 

The UPS and IPES spectra showed the formation of the interfacial states at PCBMI Ag 

substrate， which can be derived from the hybridization between the lowest unoccupied 

molecular orbital of PCBM and d-bands of Ag. The vacuum level (VL) is lowered by PCBM 

molecules charged posItively at PCBMI Ag， while the VL is raised at C601 Ag interfaces. The 

XPS spectra showed the charge transfer from the oxygen of the side chain of PCBM to Ag， 

which leads the positive charge on PCB孔1.These findings indicate that the side chain of 

PCBM strongly influences the interfacial electronic structure of PCB孔1/Ag.

At PCBM/CuPc and PCBM/ZnPc interfaces， the valence and core levels of CuPc shift 

toward low binding energy (BE)， while those of PCBM shift toward high BE. The VL is 

raised with increasing the thickness of PCBM. This suggests that the energy level alignment 

at these interfaces is clearly different from that at typical pn-junctions in inorganic 

semiconductors， which means that the depletion layer is not formed at these interfaces. We 

also found that the ionization energies of PCB孔1，CuPc and ZnPc change at the interfaces， 

compared to the bulk region. This is due to the different polarization energy between interface 

and bulk region. Therefore， we consider that the energy level alignment at organic 

pn-junctions is achieved by the following two phenomena; (1) the charge transfer from CuPc 

or ZnPc to PCBM， (2) the changes of the ionization energies of PCBM， CuPc and ZnPc. 
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Geometric curvature effects on Tomonaga-Luttinger states of 
one-dimensional peanut-shaped C60 polymers 

o Hiroyuki Shima 1， Hideo Y oshioka2， and Jun Onoe3 

1 Department of Applied Physics， Grαduate School of Engineering， 
Hokk，αido University， Sapporo 060-8628， Japan 

34DepGrtment qfPhysics，NGm WomenkUF1iversioy，NGrG630-85069JGpm 
Research Laboratory for Nuclear Reactors and Department of Nuclear Engineering， 
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We present a theoretical framework that describes the Tomonaga-Luttinger liquids 

(TLL) behavior of one-dimensional (1D) peanut-shaped C60 polymers. It has been observed 

that electron-beam irradiation of a C60 film produces C6o-based polymers via a sequence of 

the general Stone-Wales rearrangements [1.2]. Due to the lD properties， the C6ωo polymers 

exhibit the TLL behavior characterized by the exponent αin t出hedensity of states (DOS) 

ρ (但伺E司)使叶|同E一Eι叫Fla
白

a抗tlow t臼empe町r削 ures，as well as the temperature-dependent DOS 

ρ(T，E=ムドTa at the Fermi energy E F [3]. Our main goal is to formulate the 
correlation between the value ofαand the degree of surface curvature appearing in the 

peanut-shaped C60 polymer. To this aimラ wereduce the problem to a correlated electron 

system embedded on a continuum cylindrical surface， in which the diameter r of the hollow 

cylinder is periodically modulated in the axial direction as given by r(z)=町+Acos(λz).We 
demonstrate that the exponentαrealized in the cylindrical surface shows a monotonic 

increase with the modulation amplitude A. The increase in αis attributed to the growth of 

a curvature-driven potential [4] that acts on conducting electrons in the curved surface. 

These resu1ts give a clue to understand the experimentally obtained value of α符 0.6in the 

actual C60 polymers [3]， and further suggest that the change in electron-beam irradiation time 

causes a quantitative alteration inαthat will be obtained企omthe resultant C60 polymer. 

Comparison with the TLL behavior of carbon nanotubes [5] is also discussed. 

[1] Y Toda， S. Ryuzaki， and 1. Onoe， Appl. Phys. Lett. 92， 094102 (2008) 

[2] J. Onoe， T. Ito and S. Kimura， J. Appl. Phys. 104， 103706 (2008) 

[3] T. 110ラ1.Onoe， S. Ryuzaki and S. Kimura， presented in the JPS Autumn meeting 2008 (22aWF-7). 

[4] H. Taira and H. Shima， Surf. Sci. 601ラ5270(2007) 

[5] H. Yoshioka， Physica E 18， 212 (2003) 
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Physical Properties of Hydrogen-molecule Endohedral C60 

o Ryotaro Kurnashiro1， Takeshi Rachi1， Yasujiro Murata2， Koichi Korna臼u2
ラ
HiroshiSawa3， 
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5 

1 
Department of Physics， Graduαte School of Science， Tohoku Universi帆

Sendai980-857~Japan 
2 
Institute of Chemical Reseαrch，めotoUniversiかめoω 611-0011，Jcαrpan 

3 
Department of Applied Physics， Nagoya Universi帆 Nagoya464-8602， Japan 
4 Materials and Structures Lαborαtoη7，おかoInstitute ofTechnology， 

Yokohama 226-8503， Japαn 
5 World Premier Internationα1 Research Center， Tohoku University， Sendai 980-8577， Japan 

The physical properties of atorns or rnolecules encapsulated inside nona-size cages have 

been one of the very intriguing scientific issues. For perforrning experirnents in order to have 

reasonable insight to this issueラalarge scale synthesis of such rnaterials is needed. Recentlyラ

hydrogen-rnolecule endohedral C60， H2@C60， was synthesized by organic chernical reaction in 

rnacroscopic scale [1]. The success in rnacroscopic scale production of H2@C60 has opened a 

door to a scientifically realistic research stage. In the present studyラ wehave rneasured the 

heat capacity of H2@C60 and related rnaterials in the low ternperature region， and discussed 

the state of encapsulated hydrogen rnolecule in C60白llerenecage. 

The heat capacity of H2@C60 was rneasured in the ternperature region frorn 0.085 K to 

300 K. In the lowest ternperature region， heat capacity anornaly was found around 0.6 K with 

the excess entropy of about 0.75R1n3， which indicated that the rotationa1 ground state (J = 1) 

of the ortho-hydrogen should be split due to lower syrnrnetry of C60 cage than that in the 

higher ternperature phase above the rotational phase transition at 260 K. This interpretation 

was also supported by the heat capacity of deuteriurn-rnolecule endohedral C60 which have 

opposite state in nuclear spin isorner. 

This work was perforrned by a Grant-in-Aid frorn the Ministry of Education， Science， 

Sports and Culture of Japan
ラ
No.15201019，1771088， 18204030， 18651075 and 19014001. 

References: [1] K. Komatsu， M. Murata， Y. Murata， Science 307， 238 (2005). 
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A Simple Formation Mechanism of a Fullerene from a Carbon Onion 

oTeruhiko Ogata and Yoshio Tatamitani 

Department of Chemistry， Shizuoka Universit}ぅShizuoka422-8529， Japan 

We have proved the fullerene growth from C60 to C70 by atomic carbon addition using 

ring-opening reaction (ACAROR) [1]. On the other hand， inner-hollow onions， reminiscing of 

the origin offullerenes， have been found in many carbon soots [2a]. These facts， together with 

the Huang and co-workers' in situ observing ofthe shrinkage of a single-layer giant fullerene 

(GF) to form a small fullerene [3]ラpersuadeus to propose a simple formation mechanism of a 

fullerene from a carbon onion as shown in Figure 1. 

Carbon onions form during the annealing of graphitic nanoparticles in carbon soot [2b]. 

Continuous insertion of carbon atoms into the outer-most layer of the carbon onion by the 

ACAROR induces the expansion of the surface layer and the following insertions of carbon 

atoms into the nested inner-layers balloon them and leave behind an inner-hollow onion [1]. 

Repeating these processes finally form a small or a giant fullerene (insert-wrap). Then the 

giant fullerene thermally dissociates linear or cyclic-ring clusters (shrink同wrap)[3]. 

insert-wrap & annealing shrink-wrap & fragmentation 
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Figure 1. A formation mechanism of a fullerene from a carbon onion. 

Cox [4a] Achiba [4b] and Pellarin [4c] and their co-workers reported that carbon clusters 
were produced from two spatially separated sources; the first source produced mostly smaller 

(n<32) carbon clusters when the laser f1uence was higher， the preferential evaporation of ClO， 
C14， and C18 reminiscent of the Hiickel rule 4n+2 for aromaticity， and the second source 
mostly larger (n>32) carbon clusters were produced when the laser fluence was lower. The 
first and second sources above correspond to the linear or cyclic carbon clusters and the small 
or giant fullerenes， respectivelyラ inthe proposed growth mechanism of a fullerene from a 
carbon onion. 

References: 
[1] T. Ogata， Y. Tatamitani， T. MienoラCarbon，doi:1O.1016/j.carbon.2008.10.048 (2008). 
[2] (a) P.J.F. Harris， Chemistry and Physics of Carbon， 28ラ 1-39(2003); (b) F. Banhart， T. Fuller， Ph. Redlich 
叩 dP.M.Ajay品n， Chem. Phys. Lett. 269う349-355(199η. 
[3] J.Y. Huang， D. Ding， K. Jiao， and B.I. YakobsonラPhys.Rev. Lett.， 99， 175503 (2007). 
[4] (a) D.M. Cox， K.C. Reichmann， A. Kaldor， J. Chem.Phys.， 88， 1588 (1988); (b) Y. Achiba & co-workersラ
JCP， 106，9954 (1997) andJCP， 107ラ8927(199η; (c) M. Pellarin， et al.， JCP， 117， 3088 (2002). 
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Formation Mechanism of Polyyne Molecules upon Laser Ablation of 
Carbon Particles in Organic Solvents 

OTomonari Wakabayashi， Mao SaikawaラandYoriko Wada 

Department 01 Chemistry， Kinki University， Higαshi-Osa初 577田8502，Japan 

The small carbon cluster with a linear configuration can be stabilized by capping its 
reactive end with a hydrogen atom or a group of atoms containing other elements than 
hydrogen. Among such derivatives， polyynes， H(C=C)nH， and cyanpolyynesラH(C=C)nC=N，
are stable enough to be isolated in organic solvents. In recent years， these molecules have 
been formed by laser ablation of carbon particles in organic solvents and successfully isolated 
according to the size n. So far， the relative abundance has been merely controllable by 
changing the elements that the solvent molecule carries. Why are the products independent on 
the molecular structure of the solvent used? How can one control the abundance among the 
polyyne fami1y? A key to the mechanism is to clarify from which， the powder or the solvent， 
atoms in the product molecule are coming. 
In order to distinguish atoms in the carbon powder from those in the solvent， we used 
isotope-enriched carbon powder (10% 13C or 96% 13C) for laser ablation in the solvent with 

natural isotopic abundance (1.1% 13C). After the separation of chemical species by using 
HPLC， lH and 13C NMR spectra were measured. For 13C NMRラthespectra for off-resonance 
conditions as well as those for proton-decoupled conditions were recorded， by which the 
coupling for the 13C spin with the terminal lH could be determined. From the experimental 

data for the chemical shiftδand the spin-spin coupling constant， JCH， the assignments for the 
NMR lines were given firstラthenthe intensity for these lines were analyzed to deduce relative 
abundance of isotopomers. As a resultラitturned out that the hydrogen in the product polyyne 
molecules were donated in the form of atomic hydrogen or proton rather than in the form of 
fragment ofhydrocarbons. 

Corresponding Author: Tomonari羽Takabayashi
E-mail: wakaba⑧chem.kindai.ac.jp 
Tel. 06-6730-5880 (ex. 4101) / FAX 06-6723-2721 
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Synthesis and Characterization of Crystalline Gold N anowires 

encapsulated within Single-Wall Carbon Nanotubes 

OKeita Kobayashi1， Ryo Kitaura1ぺHisanoristlinohard
，2JTC 

1 
Department of Chemistry， Nagoya University， Nagoya 464-8602， Japan 
2Institute for Advanced Research， Nagoya Universiか¥Nagoya 464-8602， Japan 

Gold nanostructures， such as nanowires and nanoclusters， 

have been extensively investigated due to their novel 

structural and electronic properties that are not observed in 

bulk Au crystals. These studies include structural instability 

[1]， surface Plasmon scattering [2]， electronic conductivity 

[3]， catalytic activity [4] and magnetic properties [5]. The 

gold nano-materials have been not only of fundamental 

interests in chemistryラ physicsand materials science but 

also held promise as versatile materials for development of 

novel nanotechnologies. Here， we report a bulk synthesis of 

crystalline gold nanowires using nano-sized one 

dimensional space of single-wall carbon nanotubes 

(SWCNTs) 

Figure 1: Typical TEM 

image of gold nanowires 

encapsulated within 

SWCNT 

Au nanowires with 1-2 nm diameters have been synthesized by nano-template 

reaction of AuCh within SWCNTs [6]. In the reaction， AuCh was thermally 

decomposed to form Au nanowires in SWCNTs by high-temperature heating of 

AuCh@SWCNTs at 573 K under vacuum condition. Figure 1 shows a 

low-magnification TEM image of Au-nanowire@SWCNTs so-synthesized. Dark 

linear contrasts observed in SWCNTs correspond to the crystalline Au nanowires 

encapsulated. In the presentationラ白rtherstructural analyses and optical properties of Au 

nanowires are discussed. 

References: [1] S. Iijima and T. Ichihashi， Phys. Rev. Lett.， 56， 616 (1986). [2] D. J. Smith et al.， 

Science， 233， 872 (1986). [3] T. Nagao et al.， Phys. Rev. Lett，. 97， 116802 (2006). [4] M. Haruta et al.， 

JCαtal.， 144， 175 (1993). [5] T. Kizuka， S. Umehara and S. Fujisawa，やn.J Appl. Phys. 40， L71 (2001). 

[6] R. Kitaura et αl.ラNanoRω.，1，152 (2008). 
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Semimetallic Molecular N anowire: Oxygen Molecules 

Encapsulated into Carbon Nanotubes 

OMichiko Tanaka1うTakazumiKawai
2
ヲ
andSusumu Okada3，4 
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Nαrαshinodαi， Funαbαshi， Chibα214-8501フJαpαn

2N，αno Electronics Reseαrch Lαboratories， NEC Corporation， 

Miγukigokα， Tsukubα， IbαTαki 305-8501， Jαpαn 

3 Graduαte School of Pure E1 Applied Sciences Center for Computαtionαl Sciences， Uniりersitυ

of Tsukub仏 Tennodαi，Tsukub仏 Ibαrαki305-8511， Jαpαn 

4CREST， JST， 4-1-8 Honcho， K，αωαguchi， Saitαmα 332-0012， Jαpαη 

One-dimensional space with the nanometer scale in carbon nanotubes is capable of encapsu-

lating foreign molecules and atoms inside. Indeedうinthis decadeうfullerer児島 organicmoleculesヲ

water moleculesぅandmetal atoms have been encapsulated and found to exhibit di旺"erentcharac-

teristics to those are in their bulk three-dimensional phases. For instance， complexes comprising 

of fullerer附 andnanotubes (carbon nano-peapods) exhibit interesting multiplicity of their elec-

tronic properties depending not only on encapsulated fullerene species but also on the space 

between fullerenes and nanotubes. In the case of water moleculesう theyform cylindrical crys 

talline phases under the unusual transition temperature depending on the diameter of the outer 

nanotubes. Thus， the foreign materials encapsulated inside the nanotubes are a novel class of 

their crystalline phases due to confinement and dimensionality effects inside the nanotubes. 

In the present workぅweexamine the possibility of one-dimensional crystalline phases of 

the oxygen molecules inside the nanotubes based on the first-principle total-energy calculation 

within the framework of the density functional theory. In the calculations， we take zigzag (n刈)

carbon nanotubes as container for the oxygen molecules and consider the polygonal tubes of 

the oxygen molecules along the wall of the nanotubes. Our calculations clearly show that the 

encapsulation of the oxygen molecules is exothermic. The calculated energy gain on the oxygen 

molecule e恥 apsulationis found to be about 100 meV /molecules. The complexes are se凶 metals

in which the electrons are distributed on majority spin bands of oxygen molecules while the holes 

are distributed on the nanotubes. Owing to the semimetallic charactersう thenon-integer spin 

polarization takes place on the polygonal chain of the oxygen molecules inside the nanotubes. 

Corresponding Author: Michiko Tanaka 
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Long Continuous Copper Nanowires Encapsulated in Carbon Nanotubes 

OAkira K'Oshi'01，2， Hir'On'Obu Kit'01， H廿o戸IkiNakan'01ラEリiF可iwMdへ回dekiSato2A 
and Fumi'O K'Okai 1，2 

lDi山ionofChemおめlfor Materials， Graduate School Of Engineering， 
2The Center ofUltimate Technology on nano-Electronics，んfIE-CUTE，
3Division ofPhysics Engineering， Graduate School ~fEngineering， 

4Division ofElectrical and Electronic Engineering， Graduate SchoolofEngineering， 
Mie Universi，明1577Kurimamachiya-cho， Tsu， Mie514-850えJ中仰

Me阻1nan'Owires have been extensively studied出'One-dimensi'Onalnan'Omaterials with nanocable 
struc加r回 SU1匂blefor nan'Oelectr'Onic and sens'Or applicati'Ons. H'Owever， s'Ome problems related t'O q田 lity，
such as s匂bili臥crystallinity，and l'Ong 'One-dimensi'Onal gr'Owth， still remain.百1ehybridizati'On 'Of metal 
nan'Owires and carb'On nan'Otubes h出 been出edas 'One 'Of出eideas for improving the quality 'Of metal 
nan'Owires. S'Ome metal encapsu1ated carb'On nan'Otubes have been generated by arc vap'Orizati'On 'Of 
carb'On elec仕'Odesc'Ontaining metal 'Or metal 'Oxide. We have succeeded in白eeffective producti'On 'Of 
c'Opper nan'OWJli回 encapsu1a附 incarb'On nan'Otubes (CuNW@CNTs).百1eCuNW@CNTs can be 
produced at m'Ore吐1an90% 'Of血efilling rate by using the hydr'Ogen arc discharge meth'Od. Hぽ'ewe 
rep'Ort the simple synthesis 'Ofhigh density and high purity CuNW@CNTs wi由mIcrometersin leng血
組 dtheir田e白1properti出品rapplicati'Ons. 
G以W@CNTswere pr'Oduced by the∞nventi'Onal DC arc discharge. A h'Ole (3 mm diameter) was 
drilled in the center 'Of a graphi匂 anode(5 mm diameter)組 dfilled wi吐1C'Opp町 p'Owder.20 mm in 
diameter graphite rod was山ed品Irtheω由ode.百1etw'O e1ectr'Odes were set vertically in a vacuum 
chamber. Hydr'Ogen g出 wasfilled up the chamber at a p民田町e'Of 0.1恥1Paand was f1'Owed at 500 
ml/min during arc vap'Orizati'On. Arc discharge was maintained at 50-90 A for 1 min. 
CuNW@CNTs dep'Osi旬d'On sur白ces'Of血einner chamber wall (chamber s'O'Ot) and吐1eca出ode
(cathode s'O'Ot). 百1児eyie1d and 自血llingrat旬e'OぱfCu創lNW@O、、叩、
Ma佃nyTEMoぬibs田en町ra油t位∞i白'Onsc1紅i泊五C吋dt白ha侃tm'Oぽre血加9卯0%'0ぱft血hea倒s-p戸re叩pa紅re吋dCNTswe町F問ef印1丑剖lle吋dp戸er尚企ct1ywi他tl由h 1 
CωuN羽w也s.百1eirdiameters and lengths were ab'Out 40 nm and m'Ore血an1 ~， respective1y. The 
C副W@OぜTc'Onsists 'Of less白anlO-nan'O加belayers姐 dfcc c'Opp町 crystalsinside白eCNTina
l'Ong-range 'Ord町.白1吐1e'Other hand cu1'、JW@CNTsincluded in the cath'Ode s'O'Ot were very l'Ong and 
由ick.百1eirdiameters and leng仕1Swere ab'Out 120 nm and 
m'Ore than 10同九 respectively.H'Owev町出efilling rate 
was ab'Out 30%.百1estructure and yie1d depend 'On吐1earc 
discharge c'Onditi'On such as arc current and c'Ontent 'Of 
C'Opp町p'Owderin吐1egtョphitean'Ode. 
We have als'Oあund由atCUNW melted and Came 'Out 
企'Om由etip 'OfCNT by h伺ttrl切回1entat吐1etempera加re'Of
m'Ore由anab'Out 500 -C in vacuum.百日ssimple technique 
w'Ou1d be useful おr‘国n'O-welding'刊 betweenCNT and 
metallic materials. M'Ore'Over we are n'Ow studying t'O 
utilize C叶吊T@CNTs拙 applicati'Onssuch部位宿泊:parent
c'Onductive 自lmsand c'Onducti'On enhan∞ment おr
batteri 

Fig. 1 (a) as-prepar吋叩npleof about 5 g ， 
(b) as-pl1叩ared叩d(吋 7000 C heat 
国ated-CuNW@CNTs.

CorrespondingAuthor: AkiraKoshio， E-mail: k，ωhio@chem.mie-弘ac.jp，Tel& Fax: +81-59-231-5370 
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Fabrication and Chemical modification ofNanographene 

QKT:法ai¥YNishllnほヨヲT.Enoki 

Dψ例抑制。fCh側同，おか'oIn揃rtuteofTechnology， 2-12-1-例ー1，00初α間地伊IV，To伽'，JAPAN

Like other ma刷 als，llanかS包ee長ctお附:res出gon伊 phene.ill紙北nano-sizedgraphe∞(nano伊が悶le)has been known 

ωhaveα由ancedmagnetism in spite of its non-magnetic n鉱山ein its bulk form [1， 2， 3]. When a graphene sheet is cut along the 

zigzag dir∞由民班onglyspin-polarized non-bonding πー闘もe(吋gestate) appears along theα明記d吋ges，in spi鉛仕mtcuttmg 

along由earmchair direction produces no such 闘記.Mean由民社lepresence of吋εesgives graphene仕lepo回ltialto∞ntrol its 

electronic prop飢 es由roughthe chemical m吋ific油on.Accordingω批油血itio伺l叩lation[4]，百let1uorine-鉛rminationof 

thezi伊 gedge vanishes m相聞sm，whi1e the co狂的組onofthemonか刷rogena凶 anddi-刷 rog聞記dzigzage毎回gives

nseωstrong ferroma.伊etism，whe肉食rrom噂 leticspin po凶色刷onis distributed homogeneously in the entire area of the 

nanographene. Hぽe，1 pres四tthe novel magnetic and位淑1sportproperties of nanogrョpheneand its assembly systems， and 

tuning its electronic p時的es出oughch巴micalmodification. For fubric出ngsingle nanographene sample，社lenano-pぼ1temed

gold mask was fabricaぉdon graphene鈎mplepr'叩旧吋bγcleavingme白od， whe向。可genplasma wasωed伽 etching

p即時.Through this戸。cess，nanograph開制抑制bbons，gr討s，do同町出仕lesize downω50 nm was success白lly

fabricated. on吐leother ha叫 magnetismof graph巳団創ldits chemiω1 modifiωtlon e盛ぉtwas eχanlIned bγusmg 
nanogr叩h四巴networkmaterial (activate carbo直1fibers; AIαs). Magnetic susc叩出社ityof nanographene wi也2-3 nm shows 

l∞alized spin magnetism fea畑氏wl也Cぽie-Weiss type temper拡ured叩四伽1印，whichisat凶butedωtheedge-s凶espin [2，3]. 

on the 0也erha叫 thec伽凶dianlagnetismis much suppressed by the reduction in size of sysぉ:ms，which is major feature of 
the magnetism ofbulk graphe田.百lechemical modification fea旬res出epec叫iarch御前回・ofthee僧e-瑚tespin magnetism 

W巴11.In the lower t1uo曲leconcentration ofF/G--O.4， the reaction wi也t1uorineaω，ms匂kesplace main1y around the edges of 

nano伊 phened田 ωitschernical ぉM慰問団l防19in theおα'easingin the conc四国担叩 ofedge 翻tespins百lespm 

polarization of吐leedge state is suppressed by t1uorine tennin出onof出c吋gesi脳 asmentioned above. A生支出et1uo四mtionis 

∞α1plet巳:dat the edges， t1uorine a回cks出em町iorcarbon sites of nanographene， whe問 ava伺ncyof n-electron network is 

g間的tedwi出関胡onofaσー由nglingbond spin. D切nglingbond spins are s倒 1回minatedbyothぽ自∞rine，which caus巴sa

maximumin由.espin con民蹴ationat F/G--Dゑandco喧l1pletevanishment of spin magnetism at F/C~ 1.2 [5]. Such吐leradiωl 

問activityof t1uorine wi出回巾onenables出emodific刷onof由巳 ω'pologyofπ-elec回nnetwork of nanographene百le

chemi回lmodific拍onof the nanogra仲間edgeby bromine gives other in即刻ngasp削 oftheedge凶statespin magnetism. By 

も聞出1細 19the edge of nanograp加 leWl出版omine，the edge-s匂.teslightly hybridizes with the bromine 0 

巧
d
q
、υ



2-14 

Half-metallic Armchair Graphene Nanoribbon 

oKeisuke Sawada1， Fumiyuki Ishu1， 2， Mineo Saito1 

1 Division of Mathematical and Physical Science， Graduate School of Natural Science and 
21bchnology， KGnGZGWGUniversiη~ Kakuma， Kanazawa 920-1192， Japαn 
Reserach lnstitute for Comput.αtional Sciences， National lnstitute of Advanced lndustrial 
Science and Technology (RICS-AIST)， 1-1-1 Umezono， Tsukuba， lbaraki 305-8568， Japan 

Success of fabrication of graphenes allows experimental studies of this system and 

then unique electronic properties are revealed[1]. Among a variety of applications of 

graphenes， nano-scale spintronics applications are considered to be hopeful. For an example， 

spin transport has been experimentally observed by using graphene layers[2]. There are two 

type of shaped edge in graphene nanoribbon (GNR)， one of them is armchair GNR (AGNR) 

and another is zigzag GNR (ZGNR). Armchair edges are often observed compared with the 

zigzag[3]. Previous first-principles calculation predicted that the armchair edge is more stable 

than the zigzag edge in the edge of graphene[4]. However， the AGNR is believed to have the 

nonmagnetic structure whereas the magnetic properties due to the flat-band ferromagnetism in 

ZGNR attracted much attention. 

In this paper， we perform first-principles density functional calculation on 

dehydrogenated AGNR (See Fig. 1). Surprisingly， we find that dehydrogenated AGNR has a 

magnetic state in the case of carrier doping. Magnetic state of the carrier-induced AGNR has 

ferromagnetic chains at the two edges having the same directions of the magnetic moments. 

We conclude that the carrier-doped AGNR is half-metallic as shown in Fig. 2. 

2 

3 

N 

Figure 1. The lattice structure of AGNR. 

[1] K. S. Novoselov et al.， Science 306， 666 (2004). 

[2] M. Ohishi et al.， Jpn. J. Appl. Phys. 46， L605 (2007). 

[3] Y. Kobayashi et al.， Phys. Rev. B 71， 193406 (2005). 

[4] S. Okada， Phys. Rev. B 77， 041408(R) (2008). 
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Selective synthesis of carbon nanotubes and graphene multi-Iayers 
by controlling catalyst thickness 

oDaiyu Kondo1，2ぺShintaroSato1ヱユラMizuhimNiheil，23，andY11jiAwand 
lNanotechnology Resωrch Center， Fujitsu Lαboratories Ltd， 10-1 Morinosato-Wakam仰，

Atsugi 243-0197， ~αrpan 
2 Fuj itsu Limited， 10-1凡1orinosato-Wakamiya，Atsugi 243-0197， Japαn 
3 CREST-JST， 4-1-8 Hon-mαchi， Kawaguchi， Saitama 332-0012， Japan 

Carbon nanotubes (CNTs) and graphene are two of carbon allotropes. CNTs and 

graphene are usually synthesized using different CVD methods and/or conditions [1-2]. In this 

study， we demonstrate selective synthesis of CNTs and graphene mu1ti-layers just by changing 

catalyst thickness and discuss the synthesis mechanism of such carbon allotropes. 

CNTs and graphene multi-layers were obtained by hot-filament chemical vapor 

deposition (CVD). The CVD process was performed in a low-pressure vacuum chamber. As 

the carbon source， a mixture of acetylene and argon gases was introduced into the CVD 

chamber. The substrate temperature and total pressure were 620 oC and 1kPa， respectively. As 

a catalyst
ラaniron film sputtered on a silicon substrate with 350-nm thick silicon dioxide was 

used. The iron (Fe) films with thicknesses between 2.5-100 nm were prepared. CNTs and 

graphene thus synthesized were analyzed by using scanning electron microscopy (SEM)， 

transmission electron microscopy (TEM) and Raman measurements. 

Figure 1 shows SEM images of the samples observed after CVD growth with 

different Fe thicknesses of(a) 2.5 and (b) 100 nm. At a thickness of2.5 nmラverticallyaligned 

CNTs were obtained. On the other hand， a film-like structure with mu1tiple domains was 

observed on the substrate with a 100-nm thick Fe film. The product was found to be 13-nm 

thick graphene multi-layers by TEM analyses. In fact， we have found that only CNTs were 

obtained with Fe films thinner than 7.5 nm， while graphene mu1ti-layers was formed with the 

catalyst films thicker than 20 nm. These results show that one can obtain CNTs or graphene 

just by controlling the catalyst thickness 

under the same growth condition. The 

authors thank Dr. N. Yokoyama
ラ
Fellow

of Fujitsu Laboratories Ltd. for his 

support and use白1suggestions. 

[11 M. Yudasaka et a人JVSTA 13(1995)2142. 
[21 D. Kondo et al.吋 Nanotechnology19(2008) 
435601. 
Corresponding Author: Daiyu Kondo 
E-mail: kondo.daiyu@jp.fujitsu.com 
Tel&Fax: +81-46-250-8234&+81-46-250-8844 

Figure 1 SEM images of (a) CNTs and (b) graphene 
multi-layers. 
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Consequences of rnulti-pole electrostatic potential fields on the surface of 

single-nano buckydiarnond (SNBD) particles 
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Abstract 

Discovery of strong e1ectrostatic fields on the surface of primary particles of detonation 

nanodiamond or SNBD[l] by Bamard and Stemberg[2，3] not on1y provided a 1ike1y exp1anation on 

the origin of agg1utination in the crude detonation product in terms of ‘coherent Coulombic 

inte，=向cialinteraction.' The event a1so marked the first recognition in nanoscience of a nove1 

interparticle interaction type that can be as strong as C-C cova1ent bonding. The sign and potentia1 

distribution of the electrostatic field are characteristic to the crystallographic indices of facets and 

size of particles， thus the electrostatic feature cou1d well be Ullique to 10wer-nano crystalline particles， 
and of intema1 origin. A mechanism of se1f po1arization in the energy-minimized nanodiamond 

crysta1s by means of orbita1 interactions through space and bond is presented [4]. 

The facet-to・facetbinding interactions among SNBD particles manifest themselves when the 

dispersed particles aggregate to form ge1 and dry flakes. However， aggregation usually takes p1ace so 
fast that there is no time for the interacting particles to reach coherent configurations in the binding 

offacet. Here we dea1 with incoherent Coulombic interactions， still much stronger than the usua1 vαn 

der Waαls interactions. Interesting1y， the aggregates produce a certain network structure having 
nanopores with 10 nm in diameter in both ge1 and dried flake [5]. These incoherent aggregates can 

be re-dispersed into primary particles， especially readi1y in gel. The ge1 is particu1arly interesting in 
that its comp1ex with ionic drugs 1ike Adriamycin hydroch1oride offers high1y promising p1atform 

for nove1 drug carrier system， wherein drug mo1ecu1es are firm1y bound to the facet of SNBD by 
charge-charge interaction， but can be slow1y released by adjusting pH ofmedium [6]. 

[1] Osawa， E. Pure & Appl. Chem.， 2008， 80，1365・1379.
[2] Bamard， A.; Stemberg， M. J. Mater. Chem. 2007， 17，4811-4819. 
[3] Bamard， A. J. Mater. Chem. 2008， 18， 4038・4041.
[4] Osawa， E.; Ho， D.; Huang， H.; Korobov， M. Y.; Rozhkova， N. N. submitted for pub1ication in 
Diam. Rel. M併の:

[5] Korobov， M. Y.; Efremova， M. M.; Avramenko， N. Y.; Ivanova， N. 1.; RozhkovaヲN.N.; Osawa， E. 
submitted for pub1ication in J. Am. Chem. Soc. 

[6] Huang， H.; Pierstorff， E.; Osawa， E.; Ho， D. Nano Lett. 2007ラス 3305・3314.
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Chirality Sorting of Single-Walled Carbon Nanotubes 
Using Density Gradients Centrifugation 
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Single-walled carbon nanotubes (SWNTs) are consist of a single graphite sheet 

seamlessly wrapped into a cylindrical tube. S¥¥明Tchirality sorting has been an anticipated 

technique for realizing practical applications of SWNTs especially in the field of 

nanoelectronic devices since the properties of the SWNTs depend on their size and electronic 

structures. Density gradients centrifugation allows SWNTs to be sorted by their buoyant 

density which depend on their diameter[11. 

We solubi1ized S¥¥明TsHiPco in water using sodium cholate. We tried to realize 

chirality sorting using density gradients centrifugation. The SWNT solution was layered on 

the top ofthe density gradientラandcentrifuged for 8 h at 174000 xg. The centrifuged SWNT 

solution was collected， and their absorption and luminescence spectra in near inf同redregions 

were measured using a microcell. 

[1] M. S. Arnold， A. A. Green， J. F. HulvatラS.1.StuppラM.C. Hersam， Nature Nanotech.， 1，60 (2006). 
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Diameter and Chirality Distribution of SWNTs 
Grown from Zeolite Surfaces 

OYoichi Murakami1， Takahiko Moteki1， Suguru Noda1， 
Tatsuya Okubo1， Shigeo Maruyama2 

1 Dept. of Chemical砂stemEngineering， The Univers妙。{Toわ叫 Toか0113-8656
2 Dept. of Mechanical Engineering， The Uniνersity ofToか0，To伽 113-8656

Zeolites are microporous， crystalline aluminosilicates constructed from tetrahedral 

base units. We have been using the b-surfaces of silicalite-1 zeolite (framework: MF1) 

as catalyst support for catalytic CVD growth of single-walled carbon nanotubes 

(SWNTs). Figure 1a shows an FE-SEM image of the zeolite crystals directly 

synthesized on a Ti-deposited quartz substrate. We sputtered Co and grew SWNTs by 

alcohol CVD method. SWNTs were grown only from the top surfaces (i.e.ラb-surfaces)

of the crystals since the undemeath Ti layer suppressed the catalyst activity of Co. 

Figure 1 b shows an example of suspended SWNTs between top surfaces of the adjacent 

crystals. 1n addition， we develop crystalline silicate layers， prepared such as by 

delaminating 1TQ-21ayered material [1]ラforcatalyst support in the SWNT growth. 

The diameter/chirality distribution of obtained SWNTs is directly determined by 

characterizing suspended individual SWNTs one by one with micro-photoluminescence 

spectroscopy (Fig. 2). We discuss the effect of catalytic CVD conditions as well as the 

support material on the resultant diameter允hiralitydistribution. 

Fig. 1: FE-SEM images ofthe sample. (a) Silicalite-l crystals directly 
grown on a Ti-deposited quartz substrate. (b) Suspended SWNT between 
top surfaces of two adiacent silicalite-l crystals (indicated by arrows). 
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Fig.2: Typical photoluminescence 
emission measured from a 
suspended individual SWNT. 

[1] A. Corma et a1.， Microporous Mesoporous Mater. 38 (2000) 201 
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Highly Selective Production of Single-Wall Carbon Nanotubes by Laser 
Vaporization method 

o Yohji Achiba1)， Takashi Nakaya1)， Akihito Inouel)， Yuki Onishi1)ラTakeshiKodama1) and 
Toshiya Okazaki2) 

lDepαrtment 01 Chemist.η" Tokyo Metropolitan Universiか Tokyo192-0364， Japan 
~AIST， Tsukub~Ibaraki305-856~Japan 

1. Introduction 

Chiralty control and selective production of single wall carbon nanotubes with a 

specific chiral index is undoubtedly one of the essential issues in the science and technology 

of carbon nanotubes， particularly in the application field such as electronic devices. Howeverラ

so far no direct evidence showing the production of SWNT with a single chirality has been 

reported， even though the several reports have pointed out that the formation of near armchair 

structure would possibly be much more favorable in comparison with other (n，m) species. In 

the present paper， we will demonstrate highly selective production of SWNTs with very 

specific (n，m) induces by means oflaser vaporization-fumace method which could be notified 

as the first step for the future development of the SWNT's with a single (n，m) chiral 

distribution. 

2. Experimental Method 

Single-wall carbon nanotubes were prepared by a laser vaporization method with use of 

NiCo and RhPd catalyst under variety of conditions such as gas temperatureラgaspressure and 

laser power etc.. As-grown sample was characterized by laser Raman scattering method， and 

optcal absorption and fluorescence measurements were taken place in toluene solution with 

use of PFO polymer after conventional dispersion treatments such as homogenization， 

sonication as wel1 as centrifugation . 

3. Resu1ts and Discussion 

The size and chirality distribution of SWNTs prepared at the different laser 

vaporization condition were investigated mainly by optical absorption measurements as well 

as fluorescence measurements. More than hundred different samples prepared at different 

conditions were studied and characterized. Major aspects revealed in the present paper are: 

1) The (7，6) chiral species is the most abundant in the RhPd system. 2) The (8，7) tube is the 

one for the NiCo system. 3) Broad chira1ity distribution is found for the tubes with the size 

larger thanゅう7).The detailed discussion will be presented in the symposium. 

Corresponding Author: Yohji Achiba 
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Impact of Molecular Structure of Carbon Source in CVD Growth of 
SWCNTs 

oBikau Shukla1， Takeshi Saito1
へ
MotooYurnura1 and Surnio Iijirna1， 

1 AIST， Higashi1-1-1，ロukuba，lbaraki， Japan 
2PRESTO， Japan Science and Technology Agency， Kawα'guchi 332-0012， 

Although chernical vapor deposition (CVD) growth of single walled carbon nanotubes 

(SWCNTs) is a prornising process， its growth rnechanisrn hasn't been understood yet. Physical 

rnechanisrn 1-3 reported earlier is not enough to understand this cornplex process which shows 

the need of reaction rnechanisrn of growth. Considering this necessity SWCNTs were grown 

frorn intentionally selected nine arornatic hydrocarbons differ in functional groups of sp， Sp2 and 

Sp3 under very dilute condition i.e 5μL/rnin feedstock in ~ 7 L/rnin H2 carrier gas. Particularly 

they are toluene， ethylbenzene， p-xylene， propylbenzene， styrene， allylbenzene， 

p-divinylbenzeneラphenylacetyleneand 3-phenyl-l-propyne.Analysis of these results suggested 

an obvious fact about the efficient precursor accountable for the growth. Production of different 
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quantities of CNTs differ in diarneters only 

frorn propylbenzeneラ styrene，allylbenzene 

and p-divinylbenzene is rernarkable (fig.l). 

Resonance Rarnan (fig.2)， SEM and TEM 

analysis confirrn that produced CNTs 

SWCNTs. To understand these differences in 
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used hydrocarbons as feed stocks 
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rnost efficient precurso工

yields and properties of SWCNT:民 therrnal

decornposition patterns of those hydrocarbons 

been analyzed which suggested 

rnolecular structure of hydrocarbons as key 

particularly hydrocarbons that 

can supply directly or indirectly Sp2 speciesラ

C2H3/C2H4 can grow SWCNTs effectively. 

Since C2H3/C2H4 directly affects quantity and 

diarneter of SWCNTs， it deserves to be the 

factor. 
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Raman Shiftl cm.1• Raman Shiftl cm.1• 

Fig.2. Resonance Raman spectra of as grown products 
S. Huang， M. Woodson， R. Smalley， J. Liu， Nano Lett.ぅ2004，4ム1025.

1800 
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Geometry Control of Vertically Aligned SWNTs through 

Liquid-based Catalyst Manipulation 

Rong Xiang， Erik Einarsson， Junichiro Shiomi， Shigeo Maruyama本

Department ofMechanical Engineering， the University ofTokyo 

We present a versatile wet chemistry method to localize the growth of S日明Tsto

desired regions via surface modification. By functionalizing the silicon surface using 

a c1assic self-assembled monolayer (SAM) and then selectively removing the SAM 

by ultraviolet (UV) lightラ thecatalyst can be dip-coated onto only the hydrophilic 

areas of the substrate. This technique was successful in producing both random and 

aligned SWNTs with various pattems. (Schematic and examples in Figure) The 

precise control of the morphology of SWNTs， achieved by simple and scalable 

liquid四basedsurface chemistry， could facilitate the application of SWNTs as the 

building blocks of白turenano-devices. 

(a)1 Sub.1: OH terminated Si afterSC1 
Sub. 2: OTS covered Si after SAM 
Sub. 3: Patterned Si after UV exposure 

|UVexp制問|

日
日

時一…

Figure. (a) Schematics describing the fabrication procedure of hydrophilic/hydrophobic 

pattems using a selective removal of OTS SAM by UV exposure; (b) SEM images of random 

and vertically aligned SWNT line-shape pattems. 

*Email address: maruyama@photon.tル tokyo.ac.j
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Top-Down Approach to Align Single-Walled Carbon Nanotubes 

on Silicon Substrate 

OCar1o M. Orofeo，1 Hiroki AgO，*，1ム3Naoki Yoshihara，1 and Masaharu Ts可i1，2 

1 Graduate School of Engineering Sciences， Kyushu Universiか"Fukuoka 816-8580， Japan 
"" Institute for Materials Chemistry and Engineering，めlushuUniversiか

3 PRESTO， Japαn Science αnd Technology Agency 

In order to fully exploit the superior electronic properties of single-walled carbon nanotubes 

(SWNTs)， the growth of horizontally aligned SWNTs on suitable substrates is a critical step for 

large-scale nanotube-based electronics. Such alignment has been demonstrated on single-crystal 

substrates such as sapphire (α-Ah03) [1] and quartz (Si02) [2]. The proposed mechanism is that 

SWNTs align on a particular atomic arrangement or along the ordered atomic steps after 

substrate treatment. These results are important for白印renanoelectronics applications because 

the nanotubes' alignment on a substrate improves the efficiency of device fabrication and 

enables nanotube integration on circuits. SWNT alignment on a Si02/Si substrate is expected 

since the current FET configuration is fabricated on a Si wafer with an oxide Si02 layer. The 

most obvious path for the realization of this device configuration is the transfer of the nanotubes 

aligned on single crystals. However， this 

approach is often tedious and possesses an 

intrinsic possibility for carbon nanotube 

contamination and deterioration. Hereラ we

present a new， top-down based approach to 

align SWNTs directly on SiOiSi substrate after 

substrate modification [3]. 

We modify the silicon substrate by creating 

trenches via electron beam (EB) lithography 

followed by reactive ion etching (RIE). After 

CVD， it was observed that nanotubes align in 
the direction along the created trenches 

regardless of the gas f1ow. Furthermore， 

Fig. 1. SEM image of the as-grown SWNTs 
aligned along the created trenches on Si02/Si 
wafer. 

devices created on the aligned SWNTs showed acceptable onloff ratio and mobilities comparable 

to transferred nanotubes on Si02/Si substrate [4]. This is the first observation of the aligned 

nanotubes along the artificially-made trench structure as far as we know. Our method opens up 

the possibility of large-scale integrated nanotube electronics for mass production. 

References: [1] H. Ago et al.， Chem. Phys. Lett.， 408ラ433(2005). [2] C. Kocabas et al.， Smallラ 1，1110 (2005). 
[3] C. M. Orofeo et al.， Appl. Phys. Lett.， submitted. [4] L. Qu et al.， NanoLett. 8，2682 (2008). 

Corresponding Author: Hiroki Ago (Tel&Fax:十81-92-583-7817，E-mail: ago@cm.kyushu-u.ac.jp) 
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Fluidized sed Synthesis 

of Sub-Millimeter-Long Single-Walled Carbon Nanotubes 

o Dong Y oung KirnラHirofurniFukai， Hisashi Sugirne， Kei Hasegawaラ
Toshio Osawa， Suguru Noda 

Depαrtment of Chemicα1 System Engineering， School of Engineering， 
The UniversiかofToわ叫 7-3-1Hongo， Bun砂o-ku，おか0113-865丘Jαrpan

Single-walled carbon nanotubes (SWCNTs)， possessing unusual one-dirnensional 
structures and peculiar propertiesヲ havegreat potential for their applications in frontier 
nanotechnological fields. However， applications for SWCNT-based nanotechnologies such as 
electronic devices and flexible displays are still lirnited by difficulty of rnass production of 
SWCNTs with high quality. 
In this study， we applied the rapid growth rnethod of vertically aligned SWCNTs on 

substrates [1] to fluidized bed using spherical cerarnic spheres as catalyst supports [2]. 
Fe/ Ah03 catalyst was prepared on cornrnercially available Alz03 or Zr02 spheres (0.5 rnrn in 
average diarneter) either by sputtering using Al and Fe targets or irnpregnation using aqueous 
solution of Al(N03)3 and Fe(N03)3ラ asshown in Figure l(a). These spheres were treated 
under H2/Ar and chernical vapor deposition (CVD) was carried out for 10 rnin with C2H4 or 
C2H2 feedstocks at 1093 K. Figure 2 shows the fluidized bed reactor (quartz tube with inner 
diarneter of 22 rnrn) after CVD and 0.5-rnrn-tall， vertically aligned SWCNTs on Ah03 
spheres. These SWCNT forests have a catalyst irnpurity level below 0.1 wt% and can be 
synthesized at about 230 rng/ batch by using fluidized bed reactor of about 50 crn

3 
in volurne. 

This SWCNT yield is 20 tirnes larger than by SWCNTs growth on flat substrates in the 
preceding study [1]. Fluidized bed synthesis， which utilizes 3D space of the reactor volurne 
and is practically used in hydrocarbon reforrning at a large scale， is prornising in realizing 
mass production ofhigh-purity， sub-rnillimeter long SWCNTs. 

• Catalyst SUppOlt by sputter Ileposition 

一一様疹 → そ議3 偏向令

Alsputter Fe spu甘er ロ，H，哩82伊C
(a) 

• Cataly矧tSUppOlt by liq.u<l-ph制 e

一--静 一一争 議i議議議野 市一争

Al(NO，)，・9立，0 Fe(NO，)，・ヲH，O C，H，@82伊C

(b) 

Catalyst.supported 

Spheres Carbon SOlU'ce 

Fig. 1. Catalyst preparation & fluidized bed CVD. Fig. 2. Synthesized SWCNTs & Raman spectrum 

[1] S. Noda， K. Hasegawa， H. Sugime， K. Kakehi， Z. Zhang， S. Maruyama， and Y. Yamaguchi， Jpn. J. 
Appl. Phys. 46， L399 (2007). 
[2] R. Xiang， G. Luo， W. Qian， Y. Wang， F. Wei， and Q. Li， Chem.陥rp.Deposit. 13， 533 (2007). 
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Purity Evaluation of Single Wall Carbon Nanotubes 
based on Raman Spectroscopy 

oD. Nishide1，2， Y. Miyata1， K. Yanagi1ぺT.Tanaka 
1， H. Kataura1，2 

lNanotechnology Research lnstitute， AIST， Tsukuba， lbaraki 305-8562， Japan 

2 JST， CREST， Kmゲaguchi，Saitama， 332-0012， Japan 

Purity evaluation is an important problem awaiting solution in the fundamental 

research field and the consumer market of single wall carbon nanotubes (SWCNTs). For the 

quantitative purity evaluation， we need probe signals which are proportional to the abundance 

of SWCNTs in the sample and a 100% purity SWCNT sample as a standard. Intrinsic optical 

absorption intensity of SWCNTs can be used as a probe signal for the purity evaluation [1，2]. 

However， a baseline correction is required to obtain the accurate absorption intensity of 

SWCNTs from the spectrum because a tail of the broad UV absorption is over1apping. On the 

other hand， Raman intensity is also related to the intrinsic optical absorption of SWCNT by 

way of the resonance effect. 

In this paper， we prepared various purity samples by mixing high-purity SWCNTs 

carbon， and measured Raman spectra. Here， an extremely high-purity 
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sample was obtained by 

ultracentrifugation without changing chirality 

distribution. It was found that the Raman signal 

from the isolated SWCNTs in a water solution is 

an 

amorphous 

SWCNT 

proportional to the abundance of SWCNTs. Figure 

1 shows G-band Raman intensity as a function of 

the purity of SWCNTs with some SEM images. 

correlation between the purity and the 

Raman intensity was c1early observed. Finally we 

method for quantitative purity 

based on Raman 

new a 

Linear 

propose 

evaluation SWCNTs of 

Fig.1: Raman intensity plot as a function detailed the introduce will We spectroscopy. 

protocol and of the purity of SWNTs of punty 

various SWCNTs evaluated by this method. 

the demonstrate will 

[1] M. E. Itkis et al.， J Am. Chem. Soc. 127 (2005) 3439. / [2] M. S. Jeong et al.， Nano 3 (2008) 101. 
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Ab Initio Energetics of Sodium Dodecyl Sulfate 

on Metallic and Semiconducting Single-Wall Carbon Nanotubes 

孔1ariOhfuchi 

Nanotechnology Research Center， Fujitsu Laboratories Ltd.， 

10-1 Morinosaω-Wakαmiya， Atsugi 243-019スJapan

Recent1y several experiments on separation of metal1ic and semiconducting single-wall 

carbon nanotubes (SWCNTs) have been reported [1-3]. Sodium dodecyl s叫白te(SDS) 

seems to play an important role individually [1] and in combination with another 

surfactant [2] or agarose gel [3] by interacting more strongly with metallic SWCNTs 

than with semiconducting ones. In this study， we examine the adsorption energies Ea of 

a SDS anion on metallic (6， 6) and semiconducting (10， 0) SWCNTsσigs. (a)， (b)) 

having similar diameters ofO.82 and 0.79 nm. We adopt ab inito method using localized 

basis functions optimized for biological molecules [4， 5]. The real and reciprocal space 

grids are set to ensure accuracy within O.OleV of Ea per SDS molecule. When the SDS 

anion is moved toward the SWCNTs and the atomic structure is optimizedラmainlythe 

end of出ehy世ophobictail of SDS deforms (Fig. (c)) and Ea dose not change much (Fig. 

(d)). The lowest Ea for the (6， 6) tube is -1.26 eV， which is stronger than -1.04 eV for the 

(10， 0) tube. This can be attributed to the larger charge transfer Q from SDS to the 

metallic SWCNT: Q are 0.31 and 0.28 e for the (6ラ 6)and (10， 0) tubes. The result is 

consistent with the recent experiments of separation. 
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Figs.Optimized 柑 ucturesof SDS on (の (6，6)and (b) (10， 0) carbon nanotubes (αTs). The symbolsゐ
and dH-C denote the distance of the sulfur atom in SDS from the axis of the CNT and the distance between 
the nearest atoms of SDS and the CNT， respectively. (c) The distance dH-C and (d)白eadsorption energies 
per SDS molecule for both CNTs are shown as functions of ds・
References: 
[1] R. Krupke et al.， Science 301， 344 (2003). [2] M. S. Arnold et al.， Nature Nanotech. 1，60 (2006). 
[3] T. Tanaka et al.， Appl. Phys. Express 1， 114001 (2008). [4] T. Ozaki， Phys. Rev. B 67， 155108 (2003). 
[5] T. Ozaki and H. Kino， 1. Chem. Phys. 121， 10879 (2004). 
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Molecular Geometry and Electronic Structure of Single Wall Carbon Nanotube 
in Non-equilibrium States 

Somphob Thompho， Oraphan Saengsawang， Uthumporn Arsawang and Supot 
Hannongbua'， * 

Department ofChemistry， Faculty ofScience， Chulalongkorn University， Bangkok， 
Thαiland 

Abstract 

The computational models of single-wall carbon nanotube (CNT) were created 
and studied using quan加m chemical calculations at HF/6-31G(d) and density 
functional theory at PBE/6-31G(d). In order to model the CNT under high pressure， 
diameter (L) ofthe CNT in certain direction was systematically decreased. To seek for 
the optimal geometry of the distorted CNT， the L distance was fixed at certain value. 
Then， other parameters representing molecular geometrγof CNT were白lly
optimized. The structural properties， i.e.， the C-C bond length and C-C-C angle， were 
examined.恥10reoverう theelectronic properties such as HOMOラLUMOand charge 
were monitored. Interestingly， the distortion of CNT does significant1y effect to the 
geomet巧Tand electronic properties， especially the HOMO-LUMO gap. 

Keywords.・SingleWall Carbon Nanotube， Electronic Properties， Non-equilibrium 
States， Quantum Chemicα1 Calculations 
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Defect creation and annihilation of Single-Walled Carbon Nanotubes 

with Scanning Tunneling Microscopy 

Yuta Ebine~， Maxime Berthe1， Shoji Yoshida1， Atsushi Taninaka1， Satoru Suzuki2， 

Koji Sumitom02， Osamu Takeuchi1 and Hidemi Shigekawa1 

1 lnstitute of Applied Physics， University ofTsukuba， Tsukuba， lbaraki 305-8573， Japan. 

2 NTT Basic Research Laboratories， Atsugi， Kanagawα243-0198， Japan 

Single-Walled Carbon Nanotube (SWNT) is one of most promising candidates for the 

material of白印reelectronic devices because of its excellent one-dimensional electronic 

property. Electronic transport property of SWNT depends not only on their atomic struc同re，

but also on the presence of defects. Therefore， several experimental approaches (electron 

beam or plasma irradiation) have been demonstrated to introduce defects in SWNT [1]. 

In this paper， we present a new method to create and annihi1ate defects on SWNT by local 

carrier injection to the SWNT with a STM tip. The experiments were conducted with an 

Omicron LT-STM operated at 77K and 4K. The sample was prepared by spin-coating 

ト2-dichloroetanedissolved HiPCO SWNTs solvent on the仕eshlyc1eaned Au(111) surface. 

Figure 1 shows the process of defect creation on a 

SWNT. Carrier injection to a SWNT was performed by 

tunnel bias voltage ramp from -1 V to -8V with tunneling 

current kept constant (1nA). After the STM imaging of 

c1ean SWNT (fig.1(a))， carrier injection was applied above 

~ f..-. cl 
N ()，2~ 句---

31 入
0，0・逮

sudden height change was observed due to change of the 41.0 -5.5 B鶴間制 4，5 

e1ectrical current by the defect creation (fig.1 (c )). Fig. 1. STM image of a SWNT be批判
and a食er(b) bias voltage ramp. (c) Z-V 

Surprisingly， applying vo1tage ramp in the same way led to curve m切削

the triangle mark in fig.1 (b). STM image obtained after 

applied vo1tage ramp shows the defect on the SWNT (a 

bright part in fig.1 (b)). During carrier injection processラ

annihilation of this defect. This reversible reaction suggests 

that number of carbon atoms in a SWNT were preserved 

during the manipulation. In additionラ STS measurement on 

the defect confirmed the formation of pentagon/heptagon 

derived electronic state inside the band gap of SWNT. From 

these results， we conc1ude that the point defect corresponds 

to a Stone-Wales defect (fig.2). 

Reference 
http://dora.bk.tsukuba.ac.jp/ 
[1] A. Vijayaraghavan et al.， Nano Lett.， 5，1575 (2005) 
[2] M. Berthe et al.， Nano Lett.， 7， 3623 (2007) 

ワム“
に
J

Fig. 2. Structural model of a Stone-
Wales defect on a SWNT 
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First principles study of substitutional impurities in carbon nanotubes 

OTakashi Koretsune and Susurnu Saito 

Depαrtment of Physics， Tokyo Institute ofTechnology 

2-12-1 0かokayama，Meguro-ku，おか0152-8551，Japan 

For the electronic transport properties of serniconductors， irnpurities play a significant 

role. In carbon nanotubes， there are several experirnental studies about the boron or 

nitrogen doped carbon nanotubes. However， the basic properties of the irnpurities such 

as the depth of the irnpurity level have not been well understood. To clarify the effect of 

the irnpurities in carbon nanotubes theoreticallyラwestudy the electronic structures of 

boron or ni仕ogendoped carbon nanotubes using the density functional theoη. 

We first calculate doping rate dependence of the gap of the doped nanotubes. Frorn the 

extrapolation of the gap[ 1]ラweestirnate the depth of the impurity level and the spatial 

extent of the irnpurity state. It is found that the gap of doped tube is always srnaller than 

that of pristine tube and this reduction of the gap is considered to give the depth of the 

irnpurity level in the low irnpurity concentration lirnit. In fact， the derived depth of the 

irnpurity level agrees well with the spatial extent of the irnpurity state. The depth of the 

irnpurity level depends on the diameterラ andin the narrow nanotubes there is an 

influence of near1y free electron states for nitrogen irnpurity state (donor state). In the 

thick nanotubesラnitrogenrnakes a deeper irnpurity state than boron， which is sirnilar to 

the case of diarnond. We also calculate the shift of the work function in the doped tube， 

which is irnportant in discussing the charge transfer effect in the rnultiwalled or bundled 

carbon nanotubes. 

[1] T. Koretsune and S. Saito， Phys. Rev. B 77 (2008) 165417. 

Corresponding Author: Takashi Koretsune 

E-rnail: koretune@stat.phys.titech.ac.jp 
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Constant-Pressure Molecular Dynamics Study of 

Single-Walled Carbon Nanotubes with a Small Diameter 

OMasahiro Sakurai and Susumu Saito 

Department of Physics， Tokyo Institute ofTechnology 

2-12-1 Oh-okayama， Meguro-ku，おか0152-8551，Japan 

So far var叩usexperimental compression studies of fullerene solid have been carried out 

and novel carbon phases are synthesized. For example，長lllerenepolymers， which are 

composed of both sl and Sp3 carbon atomsラ haveattracted attention as a novel 

semiconducting material in science and engineering. In addition， new carbon form called 

amo中housdiamond is produced using shock compression. These reports indicate that nano 

structured carbon materials are good precursors to interesting new carbon phases. Recent 

studies of the diameter-controlled s戸lthesisof the single-walled carbon nanotube and the 

metal-semiconductor separation techniques show that it would be possible to obtain the 

nanotube solid with mostly uniform geometries. Then， by using the pressure and tempera旬re
treatment of the single-walled nanotube solidラsynthesisof new carbon phases will be made in 

the foreseeable白ture.

In this study， we perform the constant-pressure molecular dynamics (MD) simulations for 

single-walled carbon nanotubes with a small diameter using the Parrinello-Rahman method 

[1，2] and transferable tight-binding (TB) model [3]. Omata TB model we used is based on 

LDA energetics and reproduces well not only sp2 and sp3 covalent bonds but also sl 

interlayer interaction. Firstラwestudy the nanotube bundle composed of (n，n) and (n+ l，n+ 1) 
tubes. At about 10 GPa， the system tums into an interesting Sp2 _sp3 structure which inc1ude 
the zigzag nanoribbons in the平 2part. It is also found that some of the Sp3 -rich phases 

obtained at the higher extemal pressure possess anisotropy in the direction of the initial 

印be-axis.Secondly， the bundle composed of (n，n) and (n，m) tubes is studied. In this caseラ

near-armchair tube is chosen as (n，m)印be.Structural properties of transformed materials are 
discussed. We also discuss the electronic structures of new phases obtained in MD study， 

using the realistic TB model proposed byN. Hamada and S. Sawada [4]， which shows a good 

agreement with the electronic structure calculated by local-density approximation (LDA) in 

the density-functional theory (DFT). 

References: 
[1] M. Parrinello andA. Rahman， Phys. Re以~ Lett. 45， 1196 (1980). 

[2] M. Parrinello andA. Rahman， 1. Appl. Phys. 52，7182 (1981). 
[3] Y. Omata， Y. Yamagami， K. Tadano， T. Miyake and S. Saito， Physica E 29ラ454(2005). 
[4] N. Hamada and S. Sawada， private communication; S. Okada and S. Saito， 1. Phys. Soc. Jpn. 64， 2100 
(1995). 
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Microwave plasma CVD synthesis and characterization of 

boron-doped carbon nanotubes 

o T. WatanabeA，B， Y. Mizuguch/， S. TsudaAペT.YamagletliA，Y.TaKanoAB

Nationallnstitute戸rMaterials Sciencl， University ofTsukuba
B
， WPI-MANA

C A 

Carbon nanotube (CNT)， which has low resistivity， is hoped for to various applications， 

for example， transparent electrodes， nanowiring for白tureLSIs， probes for scanning 

probe microscopes and so on. Then， we try to dope boron， as a career， to CNT， referring 

to boron-doped diamond(l). Boron-doped CNTs were synthesized by Microwave plasma 

CVD method. As a source material， methane gas and trimethyl borate were used. Last 

year， we tried to synthesize of boron-doped CNT by methanol/boric acid method(2). 

However， to synthesize better quality CNTラwetried this method. Boron-doped CNTs 

were characterized by raman scattering and its e1ectrical properties were measured. 

(1)Y.Takano，APL. 85，2851 

(2) S. Ishii， et.al. APL.92，202116 

WATANABE Tohru 
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Phase Breaking in Low Temperature Magneto-resistance of Thin Multi-Walled Carbon 

Nanotubes 

M. Kida，l T. Hatori，l Y. Nakamura，l Y. Togashi，l N. Aoki，l J. P. Bird，2 and Y. Ochiai1 

lGraduate School of Advanced Integration Science， Chiba University， 1-33 Yayoi， Inage， 

Chiba 263・8522，Japan. 

2Department of Electrical Engineering， University at Buffalo， The State University of 

NewYork， NewYork 14260-1900， USA. 

ochiai@facultv.chiba-u.io 

The low temperature magneto-resistance (MR) has been studied in thin multi-walled 

carbon nanotube (MWNT) FETs. From prior work on the magneto-transport properties 

of MWNTs， metallic conduction and a weak localization (WL) peak near zero magnetic 

field are expected to arise from conduction via the outermost surface layer (1). 

N anoscale confinement of electrons in such curved spaces should strongly and 

coherently influence the WL-MR behavior. In our study， AB type oscillations are 

observed in the low-temperature MR of MWNTs， in spite of their multi layer structure. 

In our MR measurements， two kinds of metallic leads (Au/Ti or Pd) ， have been 

employed for four-terminal resistance measurements. The contact resistance of the Pd 

leads is found to be much lower than that of the Au/Ti ones. In an analysis of the phase 

coherence of carriers in these nanotubes， several phase breaking behaviors have been 

observed and show a dependence on both the magnitude and angular orientation of the 

applied field (2). In this study， we have discussed on the WL peak and flux cancellation 

in parallel field direction on the axis of the MWNT (3， 4). 

Among these phase breaking processes， one is found to be temperature dependent while 

the other is almost independent of temperature. These processes can be ascribed to 

different origins of phase breaking， for example， due to the intrinsic nature of the tube， 

to local effects at the lead contacts， or to thermal contact processes. It is clear that the 

phase coherence of the electron spreads over the whole region of the MWNT between 

the voltage leads. A large (almost hundred percent) MR is observed for the nanotubes 

contacted with Pd， and we discuss the different phase breaking processes for the Pa-

andAu.contacted CNTs. It is very important to determine a phase breaking effect based 

on the impurity scattering in the MWNT in order to clarify electron transport in the 

metallic wires (5). 

References 

1) T. Mihara et al.， Superlattices & Microstructures， 34， 383 (2003) 

2) Phys. Rev. B77， 113408 (2008) 

3) A. Fujiwara et al.， Phys. Rev. B60， 13492 (1999) 

4) T. Ando， J. Phys. Soc. Jpn.， 74， 777 (2005) 

5) T. Nakanishi et al，. J. Phys. Soc. Jpn.， 74， 3027 (2005) 
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Temperature dependence of radial breathing modes 

in double walled carbon nanotubes 

。HitoshiKakehi¥Ryoji Naito1， Noriyuki Hasuike1， Kenji Kisoda2
ラ
KojiNishio

1
， 

Toshiyuki Isshiki
1 
and Hiroshi Harirna

1 

lDepprtmωt 01 Electronics， Kyoto Institute 01 Technology，身oto606-8585， Japan 
~ Physics Department， Wakayama Universi帆 Wakayama640-8510， Japan 

Double-walled carbon nanotubes (DWCNT) have gathered much attention because they have unique 

physical and chemical properties to be a key material for future electronic devices. However， many basic 

properties of DWCNT have not been c1arified due to uncertainty in interactions between the inner and outer 

加bes.Difficulties in preparing pure DWCNT also hinders solving the issue. Here we observed DWCNT by 

Raman scattering to study the interwall interaction between the inner and outer tubes. 

DWCNT samples were grown by chemical vapor deposition 

using MgO powder as a supporting material ofFe and Mo catalysts. 

Carbon nanotubes were grown at 850
0

C and subsequent1y annealed 

at 700
0

C in air for purification of DWCNT. The purified samples 

were measured by Raman scattering in the temperature range from 
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[1]: dOJ!dT decreased with increasing d. This result suggests a 

unique phonon dynarnics of RBM in DWCNT. It 

reflects interwall interaction between the inner and outer tubes. 
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Fig.1 Temperature dependence of 

RBM仕equencyin DWCNT 
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Schad1er， and P. M. Ajayan， Phys. Rev. B 66， 235424 (2002) 
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Work Function ofSingle-Walled Carbon Nantotube 

oKoichiro Kato and Susumu Saito 

Department of Physics， ToかoInstitute ofTechnology， 
2-12-10h-okayamα， Meguro-ku， Tokyo 152-8551， Japan 

Ever since the discovery of carbon nanotubes (CNTs)， many experimental and 
theoretical works have been devoted to them. According to the study using the tight-binding 

approximation， their electronic structures sensitively depend on their diameter and chirality 
and they are c1assified into three types [1]. As for the thick nanotubes， these c1assifications 
agree with the results of the density functional calculations. On the other handラ ithas been 
pointed out from the first-principle electronic-structure calculations with structural relaxation 
for zigzag nanotubes that above c1assifications may not apply to the small-diameter nanotubes 
[2-4]. While several thin zigzag CNTs are predicted to be semiconductors in the tight-binding 
study， they are metallic in the density functional theory. The origin of this difference is 
explained by the following two reasons. First， large πーσhybridizationeffects can occur in 
small nanotubes which drastically change the energy of the lowest lying conduction band 

states [2]. This effect can be taken into account even in the tight-binding method if not only π 
but alsoσstates are incorporated. Secondly， the effect of ne訂lyfree electron (NFE) state is 
found to be sizable due to a relative large interspace of carbon nanotube [3]. The NFE states 
can not be represented in the tight-binding approximation. In additionラstructuraloptimization 
using the density functional theory play an important role in predicting their electronic and 
optical properties [3-4]. Importantly， there are serious differences between the first-principles 
results and the tight-binding results for thin nanotubes. 
We study the work function of isolated single-walled carbon nanotubes in the 

framework of the density functional theory. The work function is one of the crucial quantities 
m UI且III吋de白r叫andingthe field emission properties a凱n吋dapplying CNTs to electronic devices. We 
carry out the complete geometrical optimizations of various CNTs which inc1ude several 
chiral CNTs， and we determine the work function from the difference between the Fermi level 
and the vacuum level. In the semiconducting CNTs， the Fermi level is chosen at the midgap. 
Consequent1 yラ itis found that the work functions of CNTs are not depending on their 
chiralities and diameters when their diameters are lager than about 7 A. Their values are very 
c10se to those of graphene. On the ot 

[1] N. Hamada， S. Sawada and A. Oshiyama， Phys. Rev. Lett.， 68， 1579 (1992). 
[2] X. BlaseラL.X. Benedict， E. L. Shirley and S. G. Louie， Phys. Rev. Lett.， 72， 1878 (1994) 
[3] K. Kanamitsu and S. Saito， J. Phys. Soc. Jpn.， 71， 483 (2002) 
[4] O. Gulseren， T. Yildirim and S. Ciraci， Phys. Rev. B， 63，153405 (2002) 

E-mail: kato@stat.phys.titcch.ac.jp (K. Kato) 

Q
D
 

E
I
U
 



lP-9 

Electrical features of FETs using boron-doped single-walled 

carbon nanotubes 

OT. Shirnizu1， 1. Haruyarna1， 2， H. San02， Y. Iye2， T. Eguchi2， T. Nishi02， Y. Hasegawa2ラ
J. Reppert乙A.M.Ra03

1 School of Science and Engineerings， Material Science course， Aoyama Gakuin University， 5-10-1 

Fuchinobe， Sagamihara， Kanagawa 229-8558， Japan 

21nstitutefor Solid State Physics， University ofToわJO，K，ωhiwanoha 5-1-5， Kashiwa， Chibα277-8581， 

Japan 

3 Department of Physics and Astronomy， Center戸rOptical Materials Science and Engineering 

Technologies， Clemson University， Clemson， SC 29634， USA 

The srnall rnass of carbon atorn can realize high transition ternpera同re(T c) due to its 

high phonon frequency in Bardeen-Cooper-Schrieffer (BCS) -type superconductivity 

(SC) [1 -3]. In this viewpointラSCin carbon nanotubes (CNTs) is attracting considerable 

attention and high Tc is expected， because CNTs have other advantages for high Tc (e.g・ラ
strong electron-phonon coupling between radial breathing rnode and σーπband

electrons， which originates from Sp3 hybrid orbitals in very thin CNTs) [4 -7]. Recentlyラ
we have reported successful boron doping into single-walled CNTs (SWNTs) via 

catalyst. We showed evidence of substitutional boron doping and revealed correlation of 

boron concentration with Meissnぽ effectin thin filrns consisting of the boron-doped 

S¥¥明Ts(B-S¥¥明Ts)[8]. 

In the present studyラwereport electrical features of B-SWNTs. We have fabricated 

the following two-type FETs using B-SWNTs; 1. FETs using one rope ofB-SWNTs as a 

current channel and 2. FETs fabricated on thin filrns consisting of B-SWNTs. To date， 

latter FETs have shown an abrupt resistance drop with the highest Tc of ~ 10K， which 

could be attributed to a superconducting transition of the B-SWNTs. In contrast， the 

former FETs have exhibited only either serniconducting or metallic behaviors. We 

discuss origins ofthese electrical behaviors ofB-S¥¥明TFETs. 

References 
1. T. E. Weller et al.， Nature Physics 1， 39 (2005). 
2. N. Emery et al.， Phys. Rev. Lett. 95， 87003 (2005). 
3. E. A. Ekimov et al.， Nature 428，542 (2004). 
4. 1. Takesue， J.Haruyama S.MaruyamaラH.Shinoharaet al.， Phys. Rev. Lett. 96，057001(2006). 
5. N.Mu町1江lra抗ta弘，J .Haruyama丸，S
6. T. Koretsune， S. Saito， Phys. Rev. B 77ラ165417(2008) 
7. M. Kociak et al.， Phys. Rev. Lett. 86ラ2416(2001). 
8. N.Murata， J.Haruyama， T.Koretsune， S.Saito et al.， Phys.Re叫 ett.101，027002 (2008) 
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Effects of laser irradiation and thermal oxidation on CoMoCAT 

nanotubes probed by Raman spectroscopy 

OMari Hakamatsuka， Dongchul Kang， Kenichi Kojima， Masaru Tachibana 

International Graduate School 01 Arts and Sciences，ゐkohamaCity University， 

22-2 Seto Kanazawa-ku， Yokohama 236-0027， Japan 

1n real single-wall carbon nanotubes (SWCNTs)， various types of defects such as 

vacancies， Stone-Wales defects， ad-atomsラorH-C complex are contained. Understanding the 

properties of defects is important for improving nanotube growth methodsラ tailoringtheir 

physical propertiesラ andcontrolling the irradiation-induced damages. Resonant Raman 

spectroscopy is one of the most powerful methods for characterizing defects in SWCNTs. It 

has been reported that D band at around 1350 cm-1 are influenced by defects produced by 

laser irradiation. From the analysis in the D band intensity with the thermal annealing， two 

relaxation processes for the defects were revealed; one is the fast process with an activation 

energy of 0.4 eV and the other is the slow process with an activation energy of 0.7 eV [1]. 

These energies can correspond to those of vacancy-interstitial recombination and vacancy 

migration along the tube axis， respectively. Moreover， it was more recently reported that the 

laser-induced defects also affect G peak at around 1540 cm-1 associated with metallic 

SWCNTsラwhichis attributed to the electron-phonon coupling with Kohn anomaly [2]. The G 

peak can recover to the original one due to the thermal annealing. The electron-phonon 

coupling for metallic SWCNTs can be reversibly controlled by the generation and annihilation 

of specific defects due to the laser irradiation and thermal annealing. Howeverラthesestudies 

have been carried out for only SWCNTs with the mean diameter of 1.4 nm. For the 

comprehensive understanding of defects in SWCNTs， the studies on SWCNTs with smaller 

diameters are required. It is expected that the energies of generation and annihilation of 

defects in SWCNTs with smaller diameters are different from those in larger ones. 1n this 

paper， we report the effects of laser irradiation and thermal oxidation on CoMoCAT nanotubes 

with the mean diameter of 0.8 nm. 

[1] T. Uchida et al.， J. Appl. Phys. 101，084313 (2007) 

[2] D.Kang et al.， Appl. Phys. Lett. 93ラ133102(2008) 
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C60(OH)n Assisted Dispersion of Single-walled Carbon Nanotubes 
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Peapods (SWNTs encapsulating fullerenes) have currently at仕actedgreat interest as a 

new form of SWNTs-based materials that may find application in nanometer-sized devices. 

On the other hand， exohedral interaction between SWNTs and fullerene has also been 

reported. Liu et al. directly observed C60 derivatives stabilizing the surface of SWNTs with 

the help of a high回resolution仕ansmissionelec仕onmicroscope.1 Takaguchi et al. reported that 

fullerodendron having dendritic poly( amidoamine) substituents assisted dispersion of SWNTs 

into D20 and te仕ahydrofuranvia non-covalent functionalization.
2 
In this presentation， we 

report the dispersion of SWNTs in an aqueous and nonaqueous solution by using amphiphilic 

C60 derivatives.
3 

SWNTs were dispersed in D20 containing 1 wt% 

NaOH and 0.1 mg/ml C60(OH)n and in IPA containing 0.1 

mg/ml C60(OH)n・ Thecharacteristic absorption bands of 

SWNTs were observed around the 600-1600 nm region. These 

bands are attributed to electronic transitions of the first (S 11) 

and second (S22) pairs of van Hove singularities in 

semiconducting SWNTs. The effect of C60(OH)n on the 

dispersibility of the SWNTs in a solution containing 1 wt% 

Triton-X was also s加died.The absorption inten向 of 嚇払叩r 叩

SWNTs dispersed in D20 containing 1 wt% NaOH， 1 wt% Fig. 1. VU1I'N服 審抑翻意糊 d 録WNTII
di即位錫100. co滋ditio即 0.1 惑が鰍E

Triton-X， and 0.1 mgiml C60(OH)n increased compared to出at C側約凧， 1w胤制ぬかえ E帆警告対的民
dispersed in D20 containing NaOH and Triton-X. This result D20. (税制燃が'm1C.ぬ(OH)"， 1桝絡

N識のH，IゐO.(c) 1 wtちもTrit窃n-X，1 wt% 
suggests that C60(OH)n effectively increases the dispersibility N騒OH，D)!O.(必0.1燃が徽1
of SWNTs even in the presence of Triton-X. Coo(OH)...-IP.I弘

Photoluminescence spectra of dispersion and Raman spectra of SWNTs filmes prepared from 

dispersion by filtration were also performed for analysis of the dispersion. 
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Molecular圃DynamicsSimulations on Phonon-Assisted Mass Transport 

in Carbon N anotubes 
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Ballaterra， 08193， Barcelona，Spain 

3Reseαrch Institute for Science and TechnoloかおかoUniversity 01 Science， 1-3 

Kagurazaka， Shinjyuku-ku，おかo162-8601， Japan 

Experiments and numerical simulations on fascinating phenomena of mass transport along 

carbon nanotubes (CNTs) have been reported very recently. [1-4] In particu1ar， propagation of 

nano-scale objects driven by temperature gradient along CNTs [2，4] attracts our interest， 

because thermomigration at nano-scale is not on1y a new phenomenon but a1so a challenging 

issue to understand from a microscopic leve1. 

Motivated by the previous studies， we performed the mo1ecu1ar dynamics (MD) simulations of 

C60 encapsu1ated in a sing1e wall carbon nanotube (SWNT) and carbon nano-ring (CNR) sliding 

along a SWNT with temperature gradient. The Brenner potential and the Lennard-Jones 

potentia1 have been used for carbon-carbon cova1ent bonds and van der Waals interactions 

between C atoms in the different objects. We first observed through a conventional 

nonequi1ibrium MD  simulations that both of C60 and CNR are acce1erated toward the co1d 

region. Second， we performed the phonon-wave MD  simulation to revea1 the microscopic origin 

for the motion observed under temperature gradient. The most important finding in the present 

simulations is that C60 and CNR are pushed toward the cold region by scattering with particular 

phonon modes with certain wave numbers. We discuss the detai1s of the mechanism of 

phonon-assisted mass transport in CNTs in our presentation. 

References: 

[1]B.C. Regan， S. Aloni， R.O. Ritchie， U. Dahmen and A. Zettel， Nature 428， 924 (2004). 

[2]A.Barrieiro， R.Rurali， E.R.Hemandez， J.Moser， T.Pichler， L.ForroラA.Bachtold，Science 320， 775 (2008). 

[3]H. Somada， K. Hirahara， S. Akita and Y. Nakayama， Nano Lett.句inpress.

[4 ]1. Shiomi and S. Maruyama， Nanotechnology， in press. 
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Energy level of defect-induced state in semiconducting single wall 

carbon nanotube 
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A defect of lattice in a single wall carbon nanotube (SWNT) is a matter of 

particular importance in the electronic property. A lattice vacancy is a defect on an 

atomic scale. It works as a short-range impurity and gives rise to an inter-valley 

scattering. In the studies of electronic transport， a lattice vacancy has attracted much 

attention since an inter-valley scattering can decrease the conductance. A lattice vacancy 

works not just as a source of a resistivity but produces a zero energy state that localizes 

near a vacancy. The wave function of a vacancy-induced state has amplitude only on 

one of the two sub~lattices in the hexagonal unit cell and the energy appears c10se to the 

Fermi leve1. These properties are the same as the edge state [1]. Since there are various 

subjects relating to a vacancy， it is valuable to examine a vacancy-induced state. In this 

presentation， we report on the energy level of a vacancy-induced state in a 

semiconducting SWNT and the relationship between the edge state and 

vacancy-induced state. 

Using a tight-binding mode1 with nearest-neighbor and next nearest-neighbor 

hopping integrals， we found that the localization of a vacancy-induced state enhances 

near a vacancy in semiconducting S¥¥明Ts.The accumulation of density of a 

vacancy-induced state is robust against a possible perturbation because of the energy 

gap of a semiconducting SWNT. In addition to the accumulation of densityラthephase of 

the wave function is important in lowering the energy position of a vacancy-induced 

state. A relationship between the localization and the energy gap of a semiconducting 

S¥¥市His discussed. 

[1] M. Fujita et al.， J. Phys. Soc. Jpn. 65ラ1920(1996); Y. Niimi et al.， Appl. Surf. Sci. 

241ラ43(2005); Y. Kobayashi et al.， Phys. Rev. B71， 193406 (2005). 
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In this presentation， we dernonstrate theoretical1y a novel radial deforrnationラcal1edthe 

radial corrugationラofMWNTs under hydrostatic pressure [1]. Theoretical analyses based on 

the continuurn elastic theory have revealed that rnultiwal1ed carbon nanotubes (M¥¥明Ts)

consisting of a large nurnber of concentric wal1s undergo elastic deforrnations at critical 

pressure Pc符 1GPa， above which the cross-sectional circular shape becornes radial1y 

corrugated. We found various corrugation rnodes can be obtained by tuning the innerrnost 

tube diarneter D and the nurnber of constituent walls N， which is a direct consequence of 

the core-shel1 structure of MWNTs. A phase diagrarn has been established to obtain the 

requisite values of D and N for observing a desired corrugation rnode. It is rernarkable 

th剖 inall corrugation rnodes， the cylindrical syrnrnetry of the innerrnost tube is rnaintained 

even under high extemal pressures. This persistence of the cylindrical syrnrnetry of the 

innerrnost tube of MWNTs is cornpletely in contrast to the pressure-induced collapse of 

singlewalled nanotubes. We hope that the present results provide useful inforrnation for 

developing nanof1uidic or nanoelectrochernical devices whose perforrnance depends on the 

geornetry ofthe inner hollow cavity ofnanotubes. 

[1] H. Shima and M. Sato“Multip1e radial corrugations in multiwalled carbon nanotubes under pressureぺ

Nanotechnology 19， 495705 (2008) 

Corresponding Author: Hiroyuki Shima 

TEL:十81-11-706-6624ラFAX:+81-11-70か6859，E-mail: 2hima(@，eng.hokudai.ac.jo 

-64一



lP-15 

Electrical Characteristics of Single圃WalledCarbon Nanotubes Irradiated 

with lonic Liquids in Electrolyte Plasmas 

。YuHirotsu， Toshiro Kaneko and Rikizo Hatakeyama 

Ionic liquids have attracted much interest in various fields because of their unique 

properties， such as existence of only positive and negative ions， nonvol剖ility，and so on. 

Especially， since they are highly polar moleculesラ theionic liquids are considered to be a 

candidate for the significant materials to modify the electrical characteristics of single-walled 

carbon nanotubes (SWNTs). In this study， we have demons仕atedthe encapsulation of the 

ionic liquids into the SWNTs using a substrate bias method in electrolyte plasmas [1]， and 

investigated the electrical characteristics of them 

under a field-effect transistor (FET) configuration. 

An experimental apparatus consists of two 

electrodes (anode and cathode). 

Open-ended SWNTs are coated onto the 

electrodes which are submerged in the ionic liquid 

([C8H1SN2t [BF4]} A DC bias voltage VDC is 5 V 
and the irradiation time is 3 min. When VDC is 

applied to the anode electrode， the ionic liquid is 

considered to be irradiated to each electrode 

because the ionic liquid consists of positive and 

Department 01 Electronic Engineering， Tohoku Universiか"Sendai 980-8579， Japan 
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Figure 1 presents electrical characteristics 

of the pristine and ionic-liquid irradiated SWNTs 

(V 0: gate voltage， IDs: source-drain current). The electrical characteristic of the pristine 

SWNT is the p-type and the threshold gate voltage is -20 V as shown in Fig. 1(a) (dotted line). 

The solid line in Fig. 1(a) shows the electrical characteristic of the negative ion irradiated 

SWNT， and it is found that the threshold gate voltage for the p-type characteristic tends to 

shift positively compared with that of the pristine SWNT. On the contrary， the positive ion 

irradiated SWNT exhibits the n-type characteristic [Fig. 1(b)]. These results are caused by the 

negative and positive ions of the ionic liquid exerting the electron acceptor and donor effects， 

respectively. Therefore， it is expected that the electrical characteristics of the SWNTs are 

controlled by the ionic liquids which are irradiated toward the SWNTs. 

Fig. 1: Electrica1 characteristics of (a) pristine 
and negative ion irradiated S¥¥明Ts，(b) positive 
ion irradiated S¥¥弓H.

negative lOns. 

[1] T. Kaneko， T. Okada and R. Hatakeyama， Contrib. P!asma Phys.， 47ラ57(2007). 
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Individually dispersed single-walled carbon nanotubes in both liquid and 
dried solid states using a new dispersant 

oTatsuhiro Yamamoto1， and Masaru Kato1，2 

1 Center for NanoBio lntegration， The University ofおか0，7-3-1 Hongo， 
Bunkyo-ku，おかo113-8656， Japan 

20raduate School ofPharmac~utical Sci~nces， The Univ~rsiか ofあわ10， 7-3-1 Hongo， 
Bunkyo-ku，おかo113-8656， Japan 

We have developed a novel dispersant for single-walled carbon nanotubes (S¥¥明Ts)that 

remains isolated in both liquid and dried solid states. 

We developed a novel triphenylene-based surfactant， which is amphiphilic compound with 

a triphenylene skeleton having six alkyl carboxylic acids. The SWNTs complexed with 

triphenylene derivative were easily dispersed into water using a common bath sonicator with 

mild conditions.
1 

In this workラ weexamined the properties of the SWNTs dispersed solution using 

triphenylene derivative. Optical absorption spectra revealed that the SWNTs complexed with 

triphenylene derivative remained isolated following perturbations: 1) freeze-drying， 2) 

redispersionラ3)condensation， and 4) addition ofmethanol (up to 70%). These unique features 

of the triphenylene derivatives promised to be highly use白1for practical applications of 

S\\弓~Ts.

[1] T. Yamamoto， Y. Miyauchi， J. MotoyanagiラT.Fukushima， T. Aida， M. Kato， S. Maruyama，やn.J. Appl. 
Phys.， 47， 2000-2004 (2008) 
Corresponding Author: Masaru Kato 
Tel:十81・.3-5841-1840，FAX:十81-3-5841-1841，E-ma創il上:ka瓜to@cαn巾lbi.t.ル1
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Fig.1 The model of Individually dispersion of single-walled carbon nanotubes using triphenylene derivative 
in both liquid and dried solid states， and photographs of each state. 
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G band resonance Raman spectra of single-wall carbon nanotubes 

*Jin Sung Park1)ラKenichSasaki2)ラRiichiroSaito1)ラGeneDressselhaus3)ラMildredS. Dresselhaus4)，5) 

1) Department of PhysicsラTohokuUniversity， Sendai 980・8578，Japan 

2)Graduate School of Advanced Science ofMatter， Hiroshima University， Higashi-Hiroshima 739-8530， Japan 

3) Francis Bitter Magnet Laboratory， 4) Department ofElectrical Engineering and Computer Science， 5)Department 

ofPhysics， Massachusetts Institute ofTechnology， Cambridge， MA 02139-4307， USA 

The G band Raman peak of single-wal1 carbon nanotubes (S¥¥尽-.fTs)is the first-order Raman scattering 

process which gives Raman spectra involving one-phonon emission. The G band consists of high frequency 

peak (G+) around 1580~1590 cm-1 and low frequency peak (G一)around 1550~1570 cm-1， in which the two 

peaks correspond to the longitudinal-optical (LO) and transverse-optical (TO) phonon modes at the r point 

in the two-dimensional Bril10uin zone (2D BZ) of a graphene sheet. While the two line shape in a 

semicondcuting (S-) SWNT are given by a Lorentzian， the G一 peak in a metal1ic (仏民M-→)S羽「巾トN汀Thas a 

asymme児et佐n印C閉七broひoa叫dB肋reit抗t

phonon state and a fi企re∞eelectron continuum state. The metallic G-peak appears at a lower frequency 

than that for the semicondcuting one. The frequency shift of the G band is produced by electron-

phonon interaction for the optical phonon mode， so cal1ed Kohn anomaly effect [1]. The both peaks 

of G band depend on chirality and diameter [2]. While the G+ peak is dominant near the zigzag chiral angle， 

the G-peak is dominant near the annchair chiral angle. It has been known that the electron-phonon 

interaction gives rise to the chirality dependence of the G band Raman intensity [3]. A1though the G band 

Raman intensity have been calculated by the electron-phonon and e1ectron-photon interactions， the G band 

Raman spectra have not been calculated yet. In this poster， the G band Raman spectra will be shown by 

inc1uding the Kohn anomaly effect and the resonance window values [4]. As a resu1t， the chiral angle 

dependence of the G band Raman spectra can be directly compared to the experiment. The gate vo1tage 

dependence of the G band Raman spectra for metallic nanotubes is also directly compared to the experiment 

in which the Kohn anomaly effect appears by change of the Fenni energy. 

Reference: 

1) K. S回aki，R. Saito， G. Dresselhaus， M. S. Dresselhaus， H. Farhat， J. Kong， Phys. Rev. B， 77， 245441， 

(2008) 

2) R. Saito， A. Jorio， J. H. Hafner， C. M. Lieber， M. Hunter， T. McClureラG.Dresselhaus， M. S. Dresselhaus， 

Phys. Rev. B， 64， 085312 (2001) 

3) J. Jiang， R. Saito， Ge. G. Samsonidze， S. G. Chou， A. Jorio， G. DresselhausラandM. S. Dresselhaus， Phys. 

Rev.Bラ72，235408 (2005) 

4) J. S. Park， Y. Oyama， R. Saito， W. Izumida， J. Jiang， K. Sato， C. Fantini， A. Jorio， G. DresselhausラM.S.

DresselhausラPhys.Rβv. B， 74，165414， (2006) 
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Magnetic attractive multiwalled carbon nanotubes formed by high 

temperature treatment of multiwalled carbon nanotube/boric-oxide 

composite in hydrogen environment 

o Hiroki Endo， Shunji Bandow， Sumio Iijima 

Department 01 Materials Science and Engineering， Meijo University， 
1-501 Shiogamaguchi， Tenpaku， Nagoya 468-8502， Japan 

High purity closely filled multiwalled carbon nanotubes (c-MWNTs) can be prepared by RF 

plasma vaporization ofpure carbon rod [1]. Boron doping to 十MWNTswas examined by using 

the same method but replacing pure carbon rod to boron including composite carbon rod [2]， and 

the enhancement of N(Ep) was confirmed [3]. Magnetic response of such boron doped M¥¥剖Ts

indicated interesting phenomenon like superconductivity or spin-glass. In the present study， we 

try to dope boron atoms to carbon network via high temperature reaction between c-MWNTs and 

boric oxide in various conditions of hydrogen environment， and study the magnetic features of the 

sample thus prepared. 

RF plasma method was used to prepare c-MWNTs， and a powdered B203 (3N) was purchased 

from a Rare Metallic. First， we prepared a composite of c-MWNTs and B203 simply by mixing 

both materials with a ratio of 1: 10 by weight， and then the mixture was loaded onto同ngstenboat. 

Heat-treatments were carried out in the tube furnace at 1200 oC in H2 flux of 200 sccm at various 

pressures of 0.01， 0.05， 0.1， 0.2， 0.3 and 1 atm for 1 hour. After such treatmentsラ products

remained in W-boats were collected and a part of each product was dispersed in ethanolliquid. 

A pair of Sm-Co magnets (10 mm in dia.， columnar) was attached on the vial (12 mm in diaよand
then we examined magnetic responses of these dispersed products. Results are in Fig. 1. After 

waiting for 5 min when the magnets were attached， dispersed MWNTs were well attracted to the 

magnet for the MWNTs prepared under the conditions of 0.05， 0.1 and 0.2 atm (see blackened 

region near the center of vials in Figs. 1 b， c and d)， but not for others. Similar magnetic response 

was examined by using a product仕omnanohornlB203 composite prepared at the pressure of 0.1 

atm. However， the movement toward the magnet was not so much clear like as the case for 

MWNTs. Another wrapping of c-MWNTs 企omethanol solution of B203 was also examined， 

and the same high temperature treatment was 

conducted at 0.1 atm. Resulting product was 

indicated much stronger magnetic response 

than that prepared from just mixed composite. 

According to TEM observations， remarkable 

structural damage of c-MWNTs could not be 

recognized a白erhigh temperature reactions. 

Quantitative analyses of magnetic properties 

will be presented in the meeting. 

[1] A. Koshio et al.， Chem. Phys. Lett. 356，595 (2002) 
[2] S. Numao et al.，J Phys. Chem. C 111，4543 (2007) 
[3] S. Bandow et al.， J Phys. Chem. C 111， 11763 (2007). 

Fig. 1. Movements of MWNTs in ethano1 toward the magn巴t
a白er5 minutes 1eft when the magnets w巴reattached on the 
sidewall of via1s. MWNTs in (a) was prepar巴din 0.01 atm of 
H2 flux at 1200 oC， (b) was 0.05 atm， (c) 0.1， (d) 0.2， (e) 0.3 and 
(り 1atm. 

Corresponding Author: Shunji Bandow，ιmail: bandow@ccmfs.meijo-u.ac.jp， Tel&Fax:十81-52-834-4001.
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Characterization of CNT-FET by Scanning Gate Microscopy 

o Yuki Okigawa1)， Shigeru Kishimoto1， 2)， Yutaka Ohno1)， Takashi Mizutani 1) 

1 Department of Quαntum Engineering， Nα'goya University， Nαgoyα464-8603， Japan 

2 Venture Business Lαboratoη~ Nagoya Universiか~ Nagoya 464-8603， Japan 

Scanning probe microscopy is a power白1technique to characterize the 

CNT-FETs because ofits advantage ofhigh special resolution. In the previous work， we 

measured the potential profile along the CNTs by electrostatic force microscopy (EFM) 

and obtained the nonuniform potential profile which reflected the existence of the 

defects in CNTs or Si02 [1]. In this study we have evaluated the CN下FETsby scanning 

gate microscopy (SGM) [2]. 

The CNTs used for the fabrication of CNT-FETs with back gate was grown by 

grid-inserted plasma-enhanced chemical vapor deposition [3]. In the SGM， the tip acts 

as a local gate and the modulation ofthe current through the CNT is detected. Fig.l (a) 

shows the AFM image and Fig.l (b) and (c) show the SGM images with positive and 

negative tip biasesラrespectively.The current modulation was observed at large area of 

CNT for positive tip bias (Fig.l (b)). In the case ofnegative tip bias， on the other hand， 

it was obtained only near the source electrode (Fig.l (c)). These results are consistent 

with Schottky barrier transistor model， in which the channel current is dominated by the 

Schottky barrier formed at the source contact. The SGM image which reflects the 

existence of defects has also been obtained for different CNT-FET. 

(a) (b) (c) 

Fig. 1. (a) AFM image ofthe device. 

CNT bridges between the source 

(bottom) and drain (top) electrode. 

(b) and (c) SGM images with positive 

and negative tip biases， r巴spectively.

[1] Y. Okigawa et al Nano 351 (2008) [2] M. Freitag et al APL 89 216801 (2002) 

[3] Y. Kojima et al Jpn. J. Appl. Phys. 442600 (2005) 
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Pressure dependence of Meissner effect in thin films of boron圃doped

single-walled carbon nanotubes 

OJ.Nakamura1， M. Matsudaira¥ 1. Haruyama1，2， T. ShimizuI， T. Eguchi2， T. Nishi02， Y. 
2 "T L__2 Hasegawa"'， H. Sano"'， Y. Iye"'， 1. Repperf， A. M. Rao 

1 School of Science and Engineerings， M匂terialScience course， Aoyama Gakuin University， 5-10-1 

Fuchinobe， Sagamihara， Kanagawa 229・8558，.fI中仰

2Institute for Solid State Physics， UniversiかofTokyo，Kashiwanoha 5-1-5， Kashiwa， Chiba 277-8581. 

Japan 

3D々partmentof Physics and Astronomy， Center for Optical Materials Science and Engineering 

Technologies， Clemson University， Clemson， SC 29634. USA 

The small mass of carbon atom can realize high transition temperature (T c) due to its 

high phonon frequency in Bardeen-Cooper-Schrieffer (BCS) -type superconductivity 

(SC) [1 -3]. In this viewpoint， SC in carbon nanotubes (CNTs) is attracting considerable 

attention and high Tc is expected， because CNTs have other advantages for high Tc (e.g.， 

S仕ongelectron-phonon coupling between radial breathing mode andσ ーπband

electronsラwhichOfiginates from Sp3 hybrid orbitals in very thin CNTs) [4 -7]. Recentl)ら

we have reported successful boron doping into single-walled CNTs (SWNTs) via 

catalyst. We showed evidence of substitutional boron doping and revealed correlation of 

boron doping with Meissner effect in thin films consisting of the boron-doped S¥¥明Ts

[8]. 

In the present study， we report pressure dependence of Meissner effect in the thin 
films of boron-doped SWNTs. We find an increase in T c of Meissner effect from T c = 

8K to 20K by applying pressure as small as 20 M Pascal in highly homogeneous thin 

films. In contrast， we also find that Tc is mostly independent of applied pressure in 
inhomogeneous films. These results imply a possibility that condensation of the S¥¥刊Ts

by applied pressure is one of the origins for the increased T c. Optimization of uniformity 

of the films may lead to higher T c・

References 

1. T. E. Weller et al.ラNαturePhysics 1， 39 (2005). 

2. N. Emery et al.， Phys. Rev. Lett. 95， 87003 (2005). 
3. E. A. Ekimov et al.， Nature 428，542 (2004). 

4. 1. Takesue， J.Haruyama S.Maruyama， H.Shinohara et al.ラPhys.Rev. Lett. 96，057001(2006). 

5. N. Murata， J.HaruyamaラS.Maruyama，H.Shinohara et al.ラPhys.Rev. B 76， 245424 (2007). 
6. T. Koretsune， S. Saito， Phys. Rev. B 77，165417 (2008) 

7. M. Kociak et al.， Phys. Rev. Lett. 86ラ2416(2001). 
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Molecular-Dynamics Simulations on CarbOIトNanotube Phonon Fiber 

oTakahiro Yamamoto1， Fumio Nishimura2
ラ
ToruTakahashi2 and Kazuyuki Watanabe2，3 

1 Department of Materiαls Engineering， The University ofおかo7-3-1， Hongo， Shinjuku-ku， 

あわ)0，162-8601， ~αrpan 

2 Department of Physics，おかoUniversity of Science， 1-3， Kagurazakα" Shinjuku-ku， 1あbわかゆO

16ω2-860ω1， ~ψm 

3 Resωrch Institute for Science and Technology，おかoUniversiか ofScience， 1-3， 

Kagurazaka， Shinjuku-ku，おか0，162-8601タJapan

Nanoscale thermal transport is a new and challenging topic in condensed matter physics 

involving many veiled phenomena， and shows novel features that are not observed in bulk 

systems. Recent progress has made it possible to deve10p novel nanotube-based phononic 

devices using phonons as information carriers， such as a thermal rectifier [1]ラ同nablethermal 

links [2]， etc. 

In this work， we found by molecular-dynamics simulations that the carbon nanotubes act 

as phonon jiber retaining their 

excel1ent thermal conductances 3 

even if they are severe1y bent 

(See the figure) [3]. In contrast， 

the thermal conductance is 

dramatically reduced when the 

outer shells of a multi-walled 

nanotube are disconnected 

although the inner shells maintain 

their四bestructure [3]. These 

MD results are in good agreement 

with a recent experiment [4]. 
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Figure: The thermal conductance of (5，5) CNT with 

200nm length as a function of the compression length. 

[1] C.W. Chang， et al.ラScience314ラ1121(2006). 

[2] C.W. Changラetal.， Appl. Phys. Lett. 90，193114 (2007). 
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[4] C.W. Chang， et al.， Phys. R巴v.Lett. 99， 045901 (2007). 
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Energetics and Electronic Structures of Carbon Nanowires 

Susumu Okada 

0"，αduαte School of Pureαnd Applied Sciences fj Center for Computationα1 Sciences， 

University of Tsukubα， Tennodα丸 Tsukubα305-8577，Jαpαη 
CREST， JST， 4-1-8 Honcho， Kαwaguchi， Sαitαmα 332-0012， J，αpαη 

The dimensionality and the boundary condition in nanometer scale materials are 

crucial to determine their electronic properties those are drastically modulated from the 

starting materials. Indeedぅforthe Sp2 carbon systemぅthecarbon nanotubes are either 

metals or semiconductors depending on their atomic arrangement along the circum-

ference corresponding to the boundary condition imposed on the graphite monolayer. 

In sharp contrastう alittle is known for the electronic and geometric structures of the 

low-dimensional structures consisting of Sp3 carbon atoms. Thusぅinthe present workう

we explore the energetics of the nanowires consisting of Sp3 carbon atoms and unravel 

their electronic structures based on the first-principle total-energy calculation in the 

framework of the density functional theory. 

Here， we consider the diamond nanowire with clean surfaces of which nanowire axis 
is parallel to the (111) direction of hexagonal diamond. Our calculations show that 

the total energy of nanowires monotonically decreases with increasing the nanowire 

diameter. The total energy of the nanowire of which diameter is 4 nm is almost the same 

as that of the single walled carbon nanotubes with 1 nm diameter. Detailed structural 

analyses indicate that the outermost atomic shell of the nanowire is fiattened compared 

with the ideal (100) surfaces of the diamond to red恥 ethe dangling bond nature of 

the surface atoms. As a result of this surface reconstructions， the outermost shell of 
the nanowire possesses both Sp2 and sp3 characters. Indeedぅwefind the dimensional 

crossover in their electronic structure around the energy gap: Edge localized electrons 

emerge for the electron injection into the lowest branch of the conduction band. Further 

injection results in the two dimensional electron systems similar to the graphitic pi 

network. On the other handラholesare distributed whole cross sections of the nanowire 

indicating its three-dimensional character. 

Corresponding Author: Susumu Okada， sokada⑬comas.frsc. tsuku ba. ac.j p 
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A high-resolution laboratory x-ray diffractometer for the bulk structure 

analysis of nanotubes and peapods 

QShinobuAoyagi1， E‘ji Nishiborjl， Ryo Kitaura2， Hiroshi Sawal， Makoto Sakata3 and 

Hisanori Shinohara2，4 

lDepartment of Applied Physics， Nagoya Universiη， Nagoya 464-8603， Japan 

2Department of Chemistη'，Nagoya University， Nagoya 464-8602， Japan 

3SPring-8/JASRI， Kouto， Sayo， Hyogo 679・5198，Japan 

4Institute for Advanced Research， Nagoya University， Nagoya 464-8602， Japan 

Bulk structure analysis by x-ray difi仕actioncan provide essential information of 

nanotubes and peapods such as the mean diameter of nanotubes and the filling ratio of the 

peapods， which is complemental to the local micro-structure observation by transmission 

electron microscopy (TEM). X-ray structure analysis of nanotubes and peapods is usually 

difficult owing to their weak diffraction intensities. X四raydif仕actionexperiments of 

nanotubes have been often carried out using synchrotron-radiation with high bri11iance. We 

developed a high-resolution laboratory x-ray diffractometer to enable the accurate structure 

analysis of nanotubes and peapods in laboratory. 

The dif丘actometerconsists of an 18 kW rotating anode generator with a Mo targetラa

curved graded multilayer mirror， two Ge channel-cut monochromators， and a two-axis 

goniometer equipped with a cylindrical imaging plate detector. This seωp enables rapid 

collection of a powder difi企actionpattem with high counting statistics and high angular 

resolution over a wide d-spacing range from a few mi11igrams ofpowder sample. 

Diffraction pattems ofCIOH2@SWNTs[1] and C7o@DWNTs[2] were measured and they 

were structurally characterized by using our dif仕actometer.In-situ powder difi丘action

experiment for乱11lerenepeapods was also carried out by the diffractometer.. 

[1] D. Nishide， H. Dohi， T. Wakabayashi， E. Nishibori， S. Aoyagi， M. Ishida， S. Kikuchi， R. Kitaura， T. Sugai， M. 

Sakata and H. Shinohara， Chem. Phys. Lett.， 428， 356 (2006). 

[2] G. Ning， N. Kishi， H. Okimoto， M. Shiraishi， Y. Kato， R. Kitaura， T. Sugai， S. Aoyagi， E. Nishibori， M. 

Sakata and H. Shinohara， Chem. Phys. Lett.， 441， 94 (2007). 
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Nucleation of an SWNT inside a carbon nanotube 
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Department 01 Mechanical Engineering， The Universiかo/，おかo

7-3-1 Hongo， Bunkyo-ku，おかo113-8656， Japan 

Molecular encapsulation in the hollow space of a carbon nanotube has attracted 

interests with various applications. Experiments have been reported on fonnation of 

D¥¥市nfrom C60 fullerenes peapods [1] and ferrocene filled SWNT [2， 3]. The reports 
demonstrate that the growth mechanism of the inner tube depends on filler precursor. 

In this work， we have perfonned MD simulations of the SWNT nucleation inside an 

SWNT template based on the potential model as in the previous work [4] to gain 

understanding in the growth mechanism. The MD simulations were carried out for two 

cases with different initial conditions and precursor models. In the first case， a Ni cluster 

with dissolved carbon atoms was initially placed inside the nanotube template， and then 

the SWNT nucleation was simulated by supplying only carbon atoms (Fig. 1). On the 

other handラinthe second case， instead of a clusterラNiand carbon were initially placed 

inside an SWNT template as individual atomsラ andsimulations were run by feeding 

both Ni and carbon atoms with the carbon/metal number ratio of 10， corresponding to 

that of ferrocene (Fig. 2). As seen in the figures， both cases resu1ted in the sufficient 

growth of inner SWNTs. Differences and similarities in growth scenarios， resulting 

SWNT structures， and growth speeds will be discussed. 

[1] S. Bandow et al.， Chem. Phys. Lett. 337 (2001) 48. [2] L. Guan et al.， Carbon 43 (2005) 2780. [3] H. Shiozawa et 

al.， Adv. Mater. 20 (2008) 1443. [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， Tel/Fax: +81ふ 5800-6983

Fig. 1 Nucleation ofthe inner SWNT from a cata1ytic metal cluster 

Fig. 2 Nucleation ofthe inner SWNT企omcatalytic metal atoms. 
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First principles calculations of electronic states in SWCNTs encapsulating 
oxygen molecules 

o Keitaro Harada ¥ Kazu刊kiMatsuda1， Yutaka Maniwa1，3， Syogo Tejima
2
ラ

and Hisashi Nakamura
2 

lToわ)0Metropolitan Universiか，Minami-osawa， Hachi-oji， Toわ叫 192-039スJapan
2 Research Organization for Information Science& Technology， 
2 -2-54， Nakαmeguro， Meguro-ku， Toわ叫 153-0061，Japan 

3 JST， CREST， Kawaguchi， Japan 

Materials in very small cavities in crystals are 

expected to show unusual and novel properties which cannot 

be observed in bulk states [1， 2]. Hereラ weinvestigated 

oxygen molecules encapsulated inside SWCNTs， 

02@SWCNT. Because oxygen is a functional molecule with 

spin S= 1， it would be a candidate of new magnetic systems. 

The first principles calculations within the generalized 

gradient approximation to the density functional theorγwere 

performed on rather small diameter SWCNTs with 

one-dimensional aηay of oxygen molecules， as shown in 

Fig.1. 

Figure 2 shows the band structures of 02@ (n， n) SWCNTs. The O-derived minority spin 

states can be found around the Fermi level EF (E=O). With decreasing SWCNT diameter， this 

band becomes lower，ラ leadingto a reduction of spin polarization due to occupation of the 

OPP71 * band with electrons. 
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Dielectric properties of water clusters inside SWCNTs 

o FUMINORI MlKAMl1， KAZUYUKI MATUDA1， YUTAKA 
MANIWA1，2 

1 Department ofphysics ，Facul，砂ofscience， Tokyo Metropolitan University 
1-1 Minami-osawa， Hachioji， Tokyo 192・0397

2JST， CREST， Kawaguchi， Japan 

Water forrns ice nanotubes (ice NTs) inside SWCNTs be10w the freezing 

temperatures T m depending on the SWCNT diameter [1]. T m becomes higher with 

decreasing SWCNT diameter. The ice NTs have ordered structures of both oxygen and 

hydrogen atoms ofwater mo1ecu1es， so that interesting die1ectric properties are expected. 

Here， we present our recent results of classica1 mo1ecu1ar dynamics simu1ations on 

water inside SWCNTs. It was found that n-gona1 ice NTs with odd number，民 are

ferroe1ectric water a1though n-gona1 ice NTs with even n are anti-ferroelectric. Nove1 

po1arization properties were a1so observed， as shown in Fig. 1. 
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Fig. 1 Polarization properties of pentagonal 
ice NT at 100， 175， 200， 225 K. The electric 
field is applied to the tube axis. Clearly 
shown the ferroelectric behaviors with 
unusual novel step-wise variation 

Fig. 2 Views of pentagonal ice NT from the SWCNT 
axis at 100 K. White spheres: hydrogen atoms. Red 
spheres: oxygen atoms. 

References: 1.y. Maniwa， et al.ラ Chem.Phys. Lett. 401， 534-538 (2005)， and 1. Phys. 

Soc. Jpn. 71， 2863-2866 (2002). 
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Scanning Tunneling Microscopy/Spectroscopy on the Electronic Structure 
of Metallofullerene Peapods (Gd⑧CS2)n⑧SWCNTs 

o Kazunori Ohashi， Yuki Iijima， Naoki Imazu， Ryo Kitaura and Hisanori Shinohara 

Department of Chemistry & Institute for Advanced Resωrch， 
Nagoya University， Nagoya 464-8602， Japan 

Previo山 studiesof low temperature scanning tunneling spectroscopy have shown 

that Gd@C82 metallofullerenes encapsulated in single-walled carbon nanotubes (SWCNTs) 

significant1y modifシthelocal electronic str田tureof SWCNTs1. The origin of the localized 

electronic modification has been explained by elastic strain and charge transfer at 

metallofullerene sites. One of our main goals is to understand the ongm of 

encapsulation-induced electronic structure modification of SWCNTs. For this purpose， a 

systematic study on various nanopeapods using low-temperature STM/STS measurements is 

indispensable. Here， we report STM/STS observation on gadolinium metallofullerene 
peapod ((Gd@C82)n@SWαTs) at 110 K. 

SWCNTs synthesized by arc-discharge method (Meijo Carbonラ SWCNTSO守pe，
diameter: 1.3-1.5 nm) were used to prepare the peapod. Encapsulation of Gd@C82 into 

SWCNTs was performed via the 伊s-phasereaction method. (Gd@C82)n@SWCNTs 

synthesized were dispersed in 1，2-dichloroethane， and the dispersed solution was dropped 

onto go ld coa ted mica s ubsむヨtes.SI乱1/STS measurements were performed by using an 

Omicron VT-ST孔1.

Figurel shows an STM image of (Gd@C82)n@SWCNTs corresponding to 

unoccupied states (taken at Vs=+0.5 V， It=0.5 nA) at 110 K in UHV. The image shows both 

latlice image of the SWCNT and protrusions at a interval of ca. 1 nm， which is almost equal 

to the intermolecular distance of neighboring Gd@C82 molecules as determined by HRTEM 

observations (ca. 1.1 nm). These results suggest that the observed modulation on the local 

electronic s仕ucturehere can be associated with the position where Gd@C82 molecules are 

encapsulated. 

Figure 1: STM image of (Gd@C82)n@SWCNTs taken at Vs=+O.5 V， 1t= 0.5 nA at 110 K. Scale bar is 1 nm 

1) J. Lee et a1.， Natu民生l三， 1005 (2002). 
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Fabrication of the air stable n-type single-walled carbon nanotube 

transistor based on calcium atoms encapsulation 

OT. Shimizu， T. Kato， W. Ooharポ， and R. Hatakeyama 

Department 01 Electronic Engineering， Tohoku University， Sendai 980-8579， Japan 
* Graduαte School 01 Science and Engineering， Yamaguchi University， 

Yamaguchi 755-8611， Japan 

Carbon nanotubes (CNTs) with nanometer-order diameter and mil1imeter-order length 
attract a great deal of attentions aiming for their novel applications such as next-generation 

nanoelectronic devices. Accommodation of various dopant atoms， molecules， and compounds 
is available for modifying the intrinsic electronic and optical properties of single-wal1ed 
carbon nanotubes (SWNTs). According to our past research， alkali明metal- and 
halogen-encapsulated SWNTs have been known to exhibit n-type and p-type transport 

properties under the field effect transistor (FET) configuration [1-2]. This fact promotes us to 

focus on an alkaline-earth metal atom which can be a doubly-charged positive ion and strongly 

enhance the n-type transport properties of SWNTs. Based on these backgroundsラ itis 

attempted to encapsulate Ca atoms in the hollow space of SWNTs with an alkaline-earth 

plasma consisting of Ca positive ions. Electrical transport characterization of Ca encapsulated 
SWNTs under the FET configuration is also precisely investigated. 

Figure 1 represents the drain current (IDs) -gate voltage (V G) characteristics of Ca irradiated 
S"-明Tsmeasured with drain同sourcevoltage (V DS) = 1 V in vacuum and air. The Ca ion 
irradiation time is about 4 h. The IDs 
dependence on V G in vacuum is shown by 

the solid line in Fig. 1. The result of this 

experiment indicates that Ca atoms are 

encapsulated in SWNTs and operate as an 

electron donor. Therefore， the conduction 
band of SWNTs is considered to be 

approached the work function of the 

electrodes (Au)ラandelectrons easily come to 

be conducted. Surprisingly， the n-type 
IDs-V G characteristic still remains even after 

exposure to the air as represented by the 

dot-line in Fig. 1. It can be conc1uded that 
the SWNTs based air stable n-type transistor 

can be realized by encapsulating Ca atoms 
inside SWNTs. 
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Fig. l. IDs-V G characteristics of Ca@SWNTs 
measured at V DSニ 1V in vacuum (a) and air (b) 
condition. 

[1] T. lzumida， R. Hatakeyama， Y. N eo， H. Miura， K. Omote， and Y. kasama， Appl. Phys. Lett. 89， 093121 
(2006). 

[2] J. Shishido， T. Kato， W. Oohara， R. Hatakeyama， and K. Tohji， Jpn. J. Appl. Phys. 47， 2044 (2008). 
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Encapsulation ofRoom Temperature Ionic Liquid inside Single-Wall 
Carbon Nanotubes 

Shimou Chen， Ryo Kitaura， and Hisanori Shinohara 

Department of Chemistry and Institute for Advanced Resωrch， NagoyαUniversity，N agoya， 

464-8602， Japan 

We demonstrated for the白rsttime the different morphologies of ionic liquids inside 

single-walled carbon nanotubes (SWNTs). A zinc contained quatemary ammonium based 

ionic liquid [Me3NC2H40Ht[ZnChJ一 (namedas ChZnCh for simplicity) was chosen to 

achieve better imaging con仕astand resolution for high-resolution TEM observation. The 

arrangement of encapsulated ChZnCh shows clear dependence on the diameter of SWNTs. As 

shown in F igure 1ラwithsuccessively increasing the diameter of SWNTs ranging from 1.4 to 

2.3 nmラtheChZnCh pattems appear to be single molecular chainsラdoublehelix， zigzag tube 

and finally random tube. The resulting ChZnCh pa町msgenerally display structural 

characteristics unknown in bulk or film forms of ChZnCh・Thisphenomenon is an observable 

manifestation of the confinement effect on ionic liquids. 
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Figure 1. Dependence of the packing arrangement of ChZnCh inside SWNTs on nanotubes 

diameters. (The labeled numbers are the representative value of the nanotubes diamtersヲ it

should be a range for each configuration.) 
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Electronic Spectra and Fragmentation of Polyynes in the Gas Phase 

OTakeshi Yamada1， Yoriko Wada1， Tomonari Wakabayashi1* 
Koji Okuda2， and Masa-aki Ubukata2 

lDepartment of Chemist.りl，Kinki University， 1五'gashi-Osaka577-8502， Jcαrpan 

2 Application & Research Group， AnaかticalInstrument Division， JEOL Ltd.， 

Akishima， Tokyo 196-8 

The electronic state of polyyne， H(C=C)5H， was studied by resonant two-photon 
ionization (R2PI) spectroscopy in the gas phase. We used a time-of-flight mass spectrometer 
(TOFMS) with a tunable laser system for ionization. Solutions of ClOH2 were introduced into 

vacuum and irradiated with UV laser pulses at a selected wavelength. The ion intensity was 

plotted as a function of the excitation wavelength to obtain R2PI spectra (closed circle in 
bottom panel in Fig. 1). In the region of 225-230 nm， we observed enhancement in the peak 
intensity for ClOH/ (m/z 122) relative to that for hexane (m/z 86)， showing a peak maximum 
at 228.0 nm. The position of the resonance is compatible with the extrapolation of those 
reported in the previous work for the origin band of the 1 Lu +←X 1 Lg + electronic仕ansitionof 
longer polyynes， C2nH2 of n = 8-13 [1]. Conceming the absorption band for hexane solutions 
(solid line in top panel in Fig. 1)， the red shift by ~4250 cm-1 (228.0→252.5 nm) as well as 
the broadening is related to the interaction with solvent molecules. Similarly to the second 

peak at 240.1 nm in hexane， which is due to the excitation of a stretching vibrational mode of 
~2050 cm-1， another peak is expected at ~218 nm for R2PI spectra in the gas phase. 
Fragmentation of size-selected polyyn久 CsH2，was investigated by using a GC-TOFMS 
system (JEOL JMS-T100GCV) with electron ionization (EI). We observed that， next to the 
parent peak for CSH2

十

(m/z98.017)， the fragment peak for C5H+ (m/z 61.006) was intense， 
indicating preferentialloss of neutral C3H upon the electron impact of CSH2・

C10H2 

228.0 

252.5 
UVabsorption 
in hexane 

in the gas phase 
j 陪脚馴……P円h吋ω|凶ゆ明S叩spe仰e

210 220 230 240 250 260 270 280 290 
Wavelength (円m)

Figure 1. R2PI spectra of polyyne， 

ClOH2' in the gas phase (bottom). 
The signal peaking at 228.0 nm 

corresponds to the origin band of 
the lLu+←x1Lt electronic 
transition of the linear molecule. 

Absorption spectrum for ClOH2 in 

hexane is shown for comparison 
(top). Note that the band at 228.0 

nm in the gas phase red-shifts to 

252.5 nm in hexane. 

[1] T. Pino， H. B. Ding， F. Guthe， and J. P. Maier， J. Phys. Chem. 114，2208・12(2001). 

Corresponding Author: Tomonari Wakabayashi 
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Tel. 06-6730-5880 (ex. 4101) / FAX 06-6723-2721 
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Polyyne molecules， H(C=C)nH of n=5-7， were prepared in a size-selective manner by 
using HPLC and contacted with b molecules in solutions of hexane at room temperature. The 
reaction was then followed by measuring the electronic absorption spectra. We found that， as 
the concen仕ationof 12 increased， absorption bands for the dipole-allowed transition of 
polyynes in the UV diminished， while those for the forbidden transition of polyynes in the 
near UV increased. We have analyzed the spectral change in absorption to deduce 
stoichiometry for a polyyne-iodine complex presumably formed upon mixing in solutions. 
Figure 1 shows the spectral change for the C12H2/b system in hexane for relatively low 
concentrations of iodine. The series of bands for C12H2 at 276 nm and shorter wavelengths 
decreased upon increasing iodine concentration. By assuming the equilibrium， C12H2 + n b付
CI2H2(b)，旬 wesolved the mass-balance equation and compared with the observation (open 
circ1e in Fig. 2). The fitting curve (solid line in Fig. 2) suggests the number being n ~3. 
As the concentration of iodine increased， a new absorption feature appeared in-between 
the allowed and forbidden bandsラincludinga few peaks having a characteristic spectral shape， 
namely 

new peaks a剖t328 nm (いse閃edotted line spectrum in Fig. 1). This observation implies that the 
formation of a primary complex， C12H2(b)3， is followed by the growth of another complex 
having a well-defined structure. 

200 250x10-6 

Figure 2. Equilibrium analysis 
for the decrease in C12H2 as 
estimated企ornthe intensity of 
261 nm band upon increase in 

the concentration of h・

CH(I!:  

ln{aI(l-α，)} 
コ 1nK+ 111n C(s-nα) 

OYoriko Wada
1， Tomonari Wakabayashi1*， Ryoichi Osada2， and Tatsuhisa Kat02* 

1Department ofChemistry， Kinki UniversiかjHigashi-Osaka 577-8502， Japan 
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Characterization of La fullerene soot and formation of LaC2 containing 
multi-shell carbon nanocapsules by heat treatment 

OKazunori Yarnarnotoa， Takeshi Ak:asakah 
。
'NanomαterialsResearch Group， Quantum Beam Science Directorate， 

Japan Atomic Energy Agency， Tokai-mura， Nakαー伊n， Ibαraki319-119~Japan

bcenterjbr1314K14baAdl仰 cedRese，αrchAlliance， Uniν'ersity ofTsukubα， Ibaraki 305-857スJ中an

Abstract: 

The technology of carbon-encapsulated rnetal nanocrystals was developed fairly recently [1， 2]ラ

and at present it encornpass several di宜erents戸1曲目isrnethods[3]. Fullerenes encapsulating one La 

atorn (called endofullerenes) were discovered in the白llerenesoot forrned by laser vaporization of 

La with carbon under Ar flow [4]. On the other hand，ωrbon nanocapsules containing La elernent 

were not found in the fullerene soot， which were discovered in carbonaceous cathode deposits 

forrned by arc-discharge evaporation and following deposition of La with carbon on the cathode 

S町白ce[1， 2]. Elec仕ondiffraction (ED) revealed that the capsules were filled with LaC2 single 

crystals， not La rnetals [2]. Transrnission electron rnicroscopy (TEM) characterization showed that 

由eendohedral graphitic nanoparticles were usually seen in白edepositラnotin the soot. 

La fullelene soot prepared by a conventional DC arc discharge rnethod at low He pressure (15， 

20，35ラ45Torr) have been characterized， then used as precursors of LaC2 containing rnulti-shell 

carbon nanocapsules by our heat treatrnent rnethod [3].百lesoot rnaterials have been treated at 

ternperatures between 1000 and 22000C in vacuUlll.百lesoot rna町ialshave been characterized by 

TEM and Therrno gravirnetric (TG) rnethod. Multi-shell single-digit nanoparticles凹edwith La 

have been found in La fullerene arc soot synthesized at 35 and 45 To汀 He，which is lower血anthe 

ordinal pressure for the fullerene and nanotube condition. On the other hand the nanoparticles have 

not been found in La fullerene arc soot synthesized at 15 Torr He. Detailed results of 

characterization will be presented in the presentation. 

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

2. M. Tomita， et al.ラやn.J Appl. Phys.， 32， L280(l993). 

3. K.Yamamoto， et. al.，百le34仕1Fullerene Nanotube General SymposiumAbs加ct2・14.

4. Y Chai， etal.，J Phys Chem..， 95， 7564(1991). 
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Formation of Polyhedral Graphite Particles by High-density Carbon Arc 

Discharge with Alcohol Vapor 

OYoji KatagiriラAkiraKoshio and Fumio Kokai 

Division of Chemistηfor MateriιJ!s， Graduαte School of Engineering， Mie Universi帆 1577
Kurimamachiya-cho， Tsu， Mie 514劫8507，Japan 

It is known that polyhedral graphite (PG) partic1es having a structure composed of many 
polyhedra with 100 nm -1μm diameters are formed by the laser vaporization of graphite in a 
high-pressure Ar atmosphere [1]. These PG partic1es can be used as a lubricant because of 
their unique structures and propertiesラ suchas chemical and mechanical stability during 
high-pressure compression. We have reported that PG partic1es can be formed efficiently by 
using cellulose char as an additional carbon source in the arc discharge (high-density carbon 
arc discharge) [2]. Recent1y we found another high-density carbon arc discharge method using 
alcohol vapor. In this study， we investigated more effective formation condition of PG 
partic1es in carbon arc plasma with alcohol vapor. 
The PG partic1es were produced by conventional carbon arc discharge with ethanol vapor 
introduced into the arc plasma in an Ar atmosphere. The ethanol vapor was introduced into 
the chamber by bubbling argon through ethanol heated at 50

0 

C. The high-density carbon arc 
discharge was maintained by pyrolysis of ethanol during sublimation of the graphite anode. 
Figure 1 shows TEM images of carbon nanopartic1es (PG partic1esラballoon-likepartic1es 
and platelet graphite) formed by high-density carbon arc discharge with alcohol vapor. The 
PG partic1es have facets and highly graphitized concen仕icstructures that are the same as 
those formed by laser vaporization. The inter1ayer spacing was approximately 0.34 nm. The 
diameters of the PG partic1es ranged from 120 to 700 nm and the average diameter was 314 
nm. These results are similar to those for laser vaporization. It is usual1y necessary to have a 
high-pressure of 0.9 MPa to form PG partic1es by laser vaporization. HoweverラPGpartic1es 
can be formed efficient1y at a low-pressure ofO.l MPa by using our arc technique. We assume 
that the additional carbon source 企omthe ethanol vapor lead to the high density carbon 
species equivalent to that of laser vaporization in high-pressure Ar. 

Fig. 1 TEM images of carbon nanopartic1es produced by high-density carbon arc discharge with 
alcohol vapor. (a) PG partic1es， (b) balloon-like partic1es， (c) platelet graphite. 

References: [1] F. Kokai et al.， Appl. Phys. A， 77，69 (2003). 
[2] Y. Katagiri et al.， The 33rd Fullerene-Nanotubes General Symposium， 2P-22. 
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Formation Peculiarities， Structure and Morphology of 
C60・PANIand C60圃PTFEThin Composite Films 

Victor Kazachenko1
ヘ
TetsuMien03， Ihar Razanau1，3 

IFrancisk Skorina Gomel State University， Gomel 246019， Belarus 

2Belarusian State University ofTransport， Gome1246653， Belarus 

3Dψartament of Physics， Faculty of Science， ShizuokαUniversi肌Shizuoka422-8529， Japan 

Vacuum electron beam dispersion (EBD) method allows forming multilayer， 

nanocomposite coatings on the basis of insoluble and thermostable polymers， lowmolecular 

organic substances and nanopartic1es [1]. On the other hand we have previously showed that it 

is possible to deposit polymerized C60 coatings using the EBD method and polymerization 

degree of the coating in that case can be controlled through the EBD process parameters 

[2， 3]. At the same time as far as we know thin composite films on the basis of organic 

polymers and polymerized C60 hadn't been studied before and thus are new research objects. 

In this report we discuss the EBD deposition of two types of thin composite fullerene 

based films: C6o-polytetrafluoroethylene (PTFE) and C60-polyaniline (PANI). Deposition 

kinetics such as target surface temperature， coating growth rate and pressure in the vacuum 

chamber are analyzed. The struc印reof deposited coatings studied by FTIR and Raman 

spec仕oscopyand morphology of coatings surface studied using AFM measurement in 

dynamic force mode are discussed. 

It is showed that thin composite C6o-PTFE coatings deposited by the vacuum EBD 

method contain both initial components， however some changes in their structure were 

observed. In particularラ atcertain process parameters formation of linear orthorhombic 

polymerized C60 in the composite was revealed. Thus this kind of coatings contain organic 

polymer PTFEラfullereneC60 and C60 polymer. The possible interaction between PTFE and C60 

in the coating is discussed. For C6o-PANI composite thin films deposited using the vacuum 

EBD method it is showed that both initial components present in the composite. However 

certain changes in their structure were revealed as we1L The formation of conductive areas in 

the such composite films is discussed on the basis of FTIR and Raman spec仕oscopydata. 

[1] K. Gritsenko， A. Krasovsky， Chemicα1 Reviews， 103 (9)， 3607 (2003). 

[2] Y.P. Kazachenko， r.Y. Ryazanov， Technical Physics Letters， 34 (11)， 930 (2008). 

[3] Y.P. Kazachenko， 1兄町田anov，T. Mieno， Abstracts ofIUMRS-ICA 2008ラNP・1(2008). 
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N ew Method of Side司司rallFunctionalization of SWNT 
with Fuming Nitric Acid 
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2， Hisato Takeuchi3， Masatomi Ohno1 

1 Department of Advanced Scienceαnd Technology， Toyota Technologicallnstitute， 
Nagoya 468-8511， Japan 

2Department of Materials Science an-dEngineering， Miyagi National College ofTechnology， 
Miyagi981-1239，Japan 

3 Materials Fundament，α1 Research Department， Toyota Central R & D Labs. Inc， Nagakute， 
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Functionalization of CNT has been attracted in view of the solubilization of CNT 

leading to mechanical and electrochemical applications. Smalley et al. disclosed carboxylic 

acid functionalization on the open-edge with HN03/H2S04 for the first time [1]， which was 

utilized for the solubilization of SWNT in the water or organic solvents by its esterification or 

formation of ammonium salts. Altematively sidewall白nctionalizationhas been achieved by 

using organic radical， which substantiated higher solubility in various solventsラ becauseof 

destruction of the bundle structure. 

Here we wish to report the new method of sidewall functionalization of SWNT by 

using fuming nitric acid as a N02 radical source [2]. The reaction of the SWNT with fuming 

nitric acid at 10-90 oC under sonication followed by NaOH treatment gave the material having 

the high affinity with polar solvents such as DMF. The mesurement of IR spectrum showed 

the product to have OH group (3400， 1200cm-1)ラwhichwas expected to arise by the addition 

of N02 radical to surface double bonds and subsequent substitution with OH group. 

Furthermore it was found that the intensity of the COOH peak increased with raising the 

reaction temperature， probably due to progressive oxidation. Product analysis was also 

investigated in detai1 by other measurements such as Raman spectrum， XPS and TGA. 

翠璽璽
• N02 

翠璽一一翠璽 (Iow temp.) 一一一一一ー一ーー一一一・ー
fuming HN03 

SWNT 

璽璽霊 (high temp.) 

[1] 1. Liu， A. G Rinz1er， H. Dai， J. H. Ha企ler，R. K. Brad1ey， P. 1. Boul， A. Lu，工 Inverson，K. Sh巴limov，叱， C.B. 

Huf首fma佃nラF.R

[凶2斗]H. Moriyama， Y. Yamamoto， Y. Ito， The 25th symposium abstract p.119 (in organic medium). 
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Theoretical Study of Spin Injection from Fe into Oligoacene 

o Yoshitaka Kato， Hiroyuki Fueno and Kazuyoshi Tanaka 

D々partment0/ Molecular Engineering， Graduate School 0/ Engineering， 

めotoUniversi税局10to615-8510， Japan 

It is known that the relaxation of injected spin in molecular materials occurs slowly， 

because spin-orbit interaction of molecular materials composed of light element like hydrogen， 

carbon， oxygen and nitrogen is small. Especially， in the case of carbon materials (carbon 

nanotube， graphene， oligoacene and so forth)， elec仕onscattering is less apt to occur and spin 

scattering also occurs slowly. So， carbon materials can be good molecular materials for spin 

1町民tlOn.

In this study， we chose hexacene for molecular materials and Fe for ferromagnetic 

electrodes as shown in Fig. 1. The nonequilibrium Green's function method based on the 

density functional theory (DFT) is used to compute the spin transport properties by the ATK 

(Atomistix ToolKit) program package. 

We obtain I-V (current-voltage) characteristics and transmission spec仕afor each spin 

types (Up-Spin (majority) / Down-Spin (minority)) when Fe elec仕odesare parallel 

magnetization. From a series of calculations， it is found that one type of spin polarized current 

flows more easily. 

Fig. 1 Hexacene between Fe ferromagnetic electrodes. 
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Density-functional tight-binding molecular dynamics 

simulations of the self-capping process in open-ended 細川)

SWCNTs (n=3 to 10) 

Hironori HaraI， Stephan Ir1e1* 

lInstitute for Advanced Resωrch and Department of Chemistry， Nagoya University， 

Nagoya 464-8602， Japan 2 Fukui Institute， Kyoto University， Kyoto 

E-mαil: sirle@iar.nagoya-u.acjp 

Using canonical molecular dynamics (MD) simulations based on the density-functional 

tight-binding (DFTB) quantum chemical method， we studied the self-capping processes 

of 35 A-long， open-ended armchair (n，n) single-walled carbon nanotubes (SWCNTs) 

(n=3 to 10， the diameter ranges from 4 A for n=3 to 13.5 A for n=lO) at 3000 K and 

3500 K. We find that， with the exception of the (3，3) tube， al1 of these open-ended 

SWCNTs can self-cap during simulation times on the order of 10 to 1000 ps， but the 

time for self-capping increases steeply with the tube diameter. The very small (3，3) 

tube is highly strained and typically falls apart at such high temperatures. Ring 

statistics and an estimate for carbon loss will be discussed in dependence on tube type 

and temperature. 
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Synthesis and Search for Superconductivity of Alkaline Earth 

Graphite Intercalation Compounds 

OSatoshi Heguri， Nozomu KimataラMototadaKobayashi 

Department of M匂terialScience， Graduate School 01 Material Science 
University of Hyogo， Ako， Hyogo 678-129えJapan

Recently， graphite intercalation compounds (GICs) have attracted great attention due to the 
discovery of superconductivity in CaC6 and YbC6 with fair1y high transition temperatures Tc 
of 11.5 and 6.5K， respectively [1，2]. Mazin explained the difference in Tc by the “isotope 
effect" due to the difference in Yb and Ca atomic masses on the basis of first-principles 

calculations and suggested that the codoping with Mg might be a route to even higher Tc [3]. 
Calandra et al.， predicted superconductivity for SrC6剖 3.1Kand BaC6 at O.2K using 

density functional theory [4]. Kim et al. confirmed the superconductivity in SrC6 at Tc = 
1.65K and the absence of superconductivity in BaC6 down to ~O.3K [5]. Thus， the 

superconductivity in BaC6 and MgC6 is an interesting subject from experimental and 
theoretical points. However， no superconductivity has been found in BaC6 and there has been 
no report on the synthesis of MgC6・
In this work， we report synthesis and search for superconductivity of BaC6 and MgC6. We 
adopted conventional vapor phase reaction in order to prepare high quality GICs. BaC6 and 

MgC6 were synthesized from highly oriented pyrolytic graphite (grade ZYA)， and excess Sr 
metal (99.95%) or Mg metal (99.98%). They were sealed into quartz tube after evacuating. 
Thermal treatment was performed in a fumace at 623~ 743K for several weeks. After the 

reaction， the graphite surface changed from black to metallic luster. It is expected that metals 
are intercalated into graphite and electronic charge transfer may occur from alkaline earth 
metal to graphite. 

The x-ray diffraction profiles and the magnetic susceptibility for the alkaline earth GICs 
will be discussed at the meeting. 

References: [1] T. E. Weller et al.， Nature Physics 1 (2005) 39. 

[2] N. Emery et al.， Phys. Rev. Lett. 95 (2005) 087003. 

[3] I. I. Mazin Phys. Rev. Lett. 95 (2005) 227001. 

[4] M. Calandra et al.， Phys. Rev. B 74 (2006) 094507. 
[5] 1. S. Kim et al.， Phys. Rev. Lett. 99 (2007) 027001. 
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Ion mobility/mass spectroscopy measurements 

have been utilized for nano carbon materials， such as 

carbon clusters and metallofullerenes[I，2] by utilizing 

potential high sensitivity and high throughput for 

mixed and unstable materials to clarify new structures. 

However， the measurement requires high pressure 

buffer gas for high-resolution mobility or structure 

separation which prevent the high sensitivity because 

the ions are diluted with the buffer gas. To overcome 

these difficulties we are developing an ion RF 

devices[3ラ4]to separate the target ions 企omthe 

neutral buffer gas. Figure 1 shows these devices 

utilizing RF fields with a企equencyof 0.1 to 10 MHz 

and a voltage of 10 to 1000 V. These RF have 
Fig.l Ion RF Devices 

multi-pole or ring-stack structures， where the RF voltages are applied to the adjacent 

electrodes altematively. The ions with buffer gas are passing through the devices feel 

averaged field which keep the ion positions at the center of the devices even if there is the 

buffer gas and the diffusion. The buffer gas， on the other hand， diffuses and escapes 企omthe 

devices. We will discuss the device properties to separate ions and buffer gas for the 

mobility/mass measurements. 

[1]工Sugaiet al.， J. Am. Chem. Soc. 123， 6427 (2001). 

[2] von He1den et al.， J. Chem. Phys. 95，3835 (1991). 

[3]W. Pau1， Rev.肋 d.Phys. 62，531 (1990). 
[4]A. V. To1machev et al.， Int. J. Mass Spec. 203， 31 (2000). 
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Growth of One-dimensional Array of Graphitic Cones in Vertically Aligned 
Carbon N anofibers 

o Takayuki YamasakiラAkiraKoshio， Yuta Tango， Tomohito lmai and Fumio Kokai 

Division 0/ Chemistry /or Materials， Graduate School 0/ Engineerin，ぁMieUniversi，私
1577 Kurimamachiya・cho，Tsu， Mie 514-8507， Japan 

Catalytic chemical vapor deposition (CVD) has been extensively investigated as a promising 

method for growing of carbon nanofibers (CNFs). It is well known that various periodic structures of 

CNFs are formed by controlling growth conditionsラ suchas metal catalysts and reactant gases. We 

previously reported that CNFs containing a conical cavity array were formed by alcohol CVD using 

indium tin oxide (ITO) and Fe as the metal catalysts. We named these CNFs“conical-cavity CNFs 

(CC-CNFs)" because they have a Ullique structure containing conical cavities in a one-dimensional 

array at uniform intervals. We succeeded in growing the vertiおcall防yaligned CC-C 

using precisely temperature-controlled CVD. Recently we have also deve10ped precise1y 
f10w可controlledsystem for introducing ethanol and CS2 vapor independently. 1n this studyラwediscuss 

what inf1uence the growth tempera加reand ratios of ethanol and CS2 had upon the degree of vertical 

alignment and their inner structures. 

A substrate was prepared by using the electrically controlled spray method. Ethanol solutions of 

1nCh， SnCh， and FeCh were used as catalysts and were sprayed on a Si plate maintained at 4000C 
followed by heating at 6400C for 30 min. in an Ar atmosphere. The CVD growth of the CNFs was 

carried out at 890-1030oC for 30 min. at a vapor pressure of ethanol containing a small amount of CS2 
III a vacuum. 

A typical CC-CNF formed after the CVD growth had a diameter of about 300 nm and an array of 

periodic conical cavities on the inside. The CC-CNFs cannot grow at 8900C or less. We confirmed that 

vertically quasi-aligned CC-CNFs were formed at more than 900oC， and that vertically well-aligned 

CC-CNFs grew on the substrate at about 10000C (Fig. 1 (a)). Tangled CNFs (not vertically aligned) 

were formed at 1030oC. The SEM observation and precisely temperature-control1ed CVD revealed the 
existence of two important critical temperatures and the narrow temperature range for the vertically 

well-aligned growth of the CC-CNFs. Figure l(b) shows the well-aligned CC-CNF film with a 

thickness of about 1 mm. 1n addition， we investigated the relationship between the growth temperature 

and the inner structure by using TEM observations. Cone angle of the conical cavities decreases 

gradually with an increase in growth temperatures (Fig. l(c)). The cone angles would depend on 

viscosity of metal particles as catalysts. 

Fig. 1 (a) SEM image of vertically aligned CC-CNFs on Si 
substrate. (b) CC・CNFfilm with a thickness of about 1 mm. 
(c) Conical-cavity aηay formed at various growth 
temperatures. 
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References: [1] Y. Tango et alラThe33rd Fullerene-Nanotube General Symposium，3P-40. 
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Applications of vertically well-aligned CNT films to capacitors 

OHaruo KatoラMichiko Kusunoki時二 Shigeyuki Sugimoto*矢Kunihiro Sugihara * *ラ

Nobuyuki Yamamoto**， Hideki FujitaラNoriyoshiShibata 

2-4-1 Mutsuno， Atsuta-ku， Nagoya 456-8587，Japan Japan Fine Cer，αmics Center 

キFuro-cho，Chikusα-ku，Nagoya 464-8603，Japan 

Eco Topia Science Institute， Nagoya University 
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Abstract: We achieved high levels of performance in electric double-layer 

capacitorsl) applied well-aligned and high-density CNT films formed by SiC surface 

decomposition 2). We deposited Pt nano-partic1es on CNT surface by introducing an 

electrochemical activation and they were oxidized by an anode oxidation treatment. 

Fig.lCross-section TEM&SEM image 

of CNT film electrode 

(b)ati旬ran electrochemical activation 

5c 10C 

Tlme (Sec) 

Fig.2 Discharge curves of electric 

double-layer capacitor developed 

150 

We obtained the result that the pseudocapacitance of the CNT film electrode was 

achieved 4 times higher capacitance (1 OOF I g) than initial (25F I g) and no decrease in 

degree of capacitance under conditions of higher current density was confirmed in 

comparison with commercial activated carbon electrode. 

References 

1) H.Kato et a1.，The 34thFullerene-Nαnotubes general Symposium ，lP-13(2008). 

2) M.KusunokiラM.Rokkaku，and T.Suzuki :AppI.Phys.Lett.71，2620(1997). 
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Electrochemical Behaviors of Cytochrome c at Carbon Nanotube 

Surfaces 

Masato Tominaga， Hirovuki Yama四 Chi，Shingo Sakamoto， Toshifumi Nishimur九

Shiori Kaneko and Isao Taniguchi 

Graduate School 01 Science and Technology， Kumamoto Uniνersity， 

Kumamoto 860-8555， Japan 

The increasing interest in direct electron transfer (DET) reaction type 

bioelectrocatalysis is driven by its important applications as biosensors， biofuel cells 

and bioreactors. The carbon nanotubes (CNTs) are used for DET reaction with the 

biomolecules because of their unique structures and conductivities. Howeverラitwou1d 

be expected that the DET reaction of biomolecules at the CNT surface is strongly 

influenced by the surface condition of CNTs. In this study， we investigated that the 

electrochemica1 behaviors of cytochrome c at CNT surfaces. 

CNTs were synthesized onto a gold electrode surface by 

using chemical vapor deposition method using Co-Mo alloy 

nanopartic1es as a cata1yst. The average diameter size of the 

synthesized CNTs was evaluated to be 1-1.5 nm. 

Fig. 1 shows the cyclic voltammograms at the CNT/Au 

e1ectrode in 0.1 mM  cytochrome c solution. At UV-ozone 

treated CNT / Au electrodeラ well-definedredox wave of 

cytochrome c was observed. On the other hand， the redox 

reaction cou1d not be observed at the untreated CNT / Au 

electrode. The surface defects of CNT surface would play 

an important role for DET reactions of cytochrome c. The 

redox potential evaluated from the middle point of the 

oxidation and reduction potentials was to be 35-60 mV (vs. 

Ag/ AgCl/saturated KCl)ヲwhichwas similar to the evaluated 

value using a promoter-modified gold electrode [1]. 

[1] 1. Taniguchi et al.， J Chem. Soc.， Chem. Commun.， 1032 (1982). 
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Analysis of interfacial behaviors of carbon nanotubes using 
in-situ Raman spectroelectrochemistry 

Masato Tominaga， ~hill!.W SakamotQ， Toshifumi Nishimura and Isao Taniguchi 

Graduate School of Science and Technology， Kumamoto University， 
Kumamoto 860-8555， Japan 

Caroonnano加b邸 (CNTs)are remarkable nanos加 C旬reswr血promIsmgpぽ甲ectivesfor叩plic油on

as charge storage devices and various electronic devices. In this伽 dy，elec仕ochemicalinterfacial 

behaviors ofCNTs in組叫u∞iUSsolution were investigated using in si加Ramanspectroelectr，∞hemis町.

。ぜTss戸1th回izedonto pt electrode by凶ingCVD method.百1eaverage diameter size of the CNTs 

was evaluated ωbe ω. l.3 (士0.5nm). Carbon nanofibers (C町明白20~ 50 nm in diameter wぽealso 

可n出国izedonto pt elec仕odesurfa∞. Cyclic voltamm位 icand in-situ Raman spec佐伺lectrochemical

meast圧倒1entswere pぽformedto investigate也eelec仕∞h即世calinte由cialbehaviors of CNTs. An 

AglAgCl (s胡mぉdKCl) electrode and a platinum electrode were凶 edas the reference and∞m町
elec佐odes，respectively. 

In the negative direction at CNTs/Pt d∞trode，出c

∞汀白:pondingto hydrogen adsorption 

increased from ca -0.8 V σig. 1c). A伽血edirection of 

po耐12拍onwaschang叫血ehydrogen de田中tionpe北swere

observed around -0.6 V α1 the ofuぽ hand， the peaks 

∞汀回pondingωhydrogenadsorption and desorption∞uld 

not be observed atα尽telec仕吋e(Fig. 1助. 百1ere叩lts

indiω.te由athydrogen adsorption and desorption in也c

po伽 .tialregion at -0.5 ~ーl.0Vwere ba記:don αTs. 

positive direction， 1碍 eoxidation p田kw拙 obs町vedaround 

0.9 V at CNTs/Pt el∞仕ode.百世speak would be due to the 

partial oxidation of CNTsラ becausethe peak ∞，uld not be 
obsぽvedat CF /pt electrode. 
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Fig. 1 Cyclic voltammograms at Pt 
(a)， CF/Pt (b) and CNTs/Pt (c) 
electrod巳sin O.l M NaCI04・Scanrate: 
20 mV/s. 

In the 

In-si初Ramanspectrl∞lectroch回世ω1m伺 surementsin 0.1 M NaCl04回lutionwere pαformed to 

mve姐ga総出eCNTinte由cebehaviors. The GID ratio w:出 ca16， when the el∞位。dewas applied at 0 V 

A伽血epo岡田lwas叩pliedat l.0 V，ラtheGID ratio d∞reased to 13. 百1esomep倒ksin the時∞of
RBMde口問seda:fter the potential was applied at 1.0 V 百1eseresults also support出atCNTs were 

p紅tiallyoxidized at l.0 V 
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Diameter-Independent Thermal Oxidation of Single-WaIled Carbon 
Nanotubes with NaCI under Microwave Heating 

Yuki Kobayashi and oMasahito Sano 

Department 01 Polymer Science and Engineering， }(αmagata University， 
Yonezawα， Yamagata 992-8510， Japan 

S佃dyingthermal oxidation of carbon nanotubes (CNTs) is important for the 

applications as well as the CNT growth. Higher oxidation tempera加resare wanted for 

applications requmng thermal stability， whereas lower tempera印resare at仕activefor 

incineration after use. Controlled oxidation of defect tubes and amorphous carbons improves 

quality of the resulting CNTs. The exact oxidation temperature depends on various factors 

such as the defect densityうtheaggregation structure， the presence of impurities， and the tube 

diameter. It has been reported [1] that NaCllowers the oxidation temperature ofmulti-walled 

CNTs by introducing disorder at the ear1y stage of oxidation. Here， we report the effects of 

NaCl on thermal oxidation of single-walled CNTs (SWCNTs) under microwave heating. 

SWCNTs were sonicated lightly in strong acids to make them temporarily dispersible in 

water. After through rinsing with water， the acid-treated SWCNTs were divided into two 

fractions; one dispersed in pure water and another in aqueous N aCl solution. All SWCNTs 

were collected by mild centrifugation and casted on glass plates. The dried SWCNTs on glass 

were heated by microwave radiation at 100 W. Longer irradiation times imply higher 

temperatures. The addition ofNaCl was found to cause faster oxidation. Raman spectroscopy 

on the acid-treated SWCNTs revealed increasing D-band and WBF shoulder， as well as 

decreasing RBM peaks at larger wavenumbers as the irradiation time increased. This indicates 

that smaller diameter SWCNTs are oxidized faster and that individual tube bums fasterラ

resulting in the increased fraction of bundled tubes. On the other hand， SWCNTs with NaCl 

show only a small change on relative peak intensities around D and G-bands and no regular 

changes on RBM peaksラdespitethe fact that the tubes bumed faster. NaCl causes diameter-

and aggregation structure-independent oxidation. We propose NaCl under microwave 

radiation acts 1ike a catalyst， lowering oxidation temperature of any SWCNTs and buming 

instantaneously even before defects have a time to spread. 

[1] M. Endo， K. TakeuchiラT.Tajiri， K. C. Park， F. Wang，下A.Kim， T. Hayashi， M. Terrones， M. S. Dresse1haus， 

J. Phys. Chem. B， 110， 12017 (2006). 
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Growth of Carbon Nanotubes on Flexible Carbon Fiber Sheet 

for Field Emitter 
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2Department ofQuantum Engineering， NagoyαUniversiか"Furo， Chikusa， Nagoya 464-8601， 

Japan 

2 Department of Organic and Polymeric Materials，おかoInstitute of 
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5 Department of Engineering， University of Cambridge， 9 JJ Thomson Avenue， Cambridge 

CB3 OF A， United Kingdom 

Flexible carbon fiber (CF) sheet prepared by electrospray deposition was used for the 

substrate of carbon nanotubes (CNTs) field ernitter (FE) a汀ays[1].CNTs was grown on the 

CF sheet by a rnicrowave plasrna CVD systern (MPCVD). For the growth of the CNTs， a 

1-nrn-thick Pd layer was initially coated onto the CF sheet. After annealing the CF sheets， the 

CNTs were grown by the MPCVD using CH4/H2 rnixture gases at 800
0C using a rnicrowave 

power of 600 W. The H2 gas flow rate was adjusted to achieve a CH4:H2 ratio of 1:9 at a total 

pressure of 20 Torr. The dense CNTs were grown on the CF sheet， as shown in Fig 1. The 

CNT FE arrays on CF sheet produced a higher current density at a lower turn-on voltage 

cornpared to ones on a Si substrate. 

Corresponding Author: Yasuhiko Hayashi 

E圃mail:hayashi.yasuhiko@nitech.ac.jp 
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References: [l]Suzuki et al.， Polymer Journal， Vol. 39， No. 11， 

pp. 1128-1134 (2007) 

Figure 1 SEM image of CNTs on Carbon 

Fiber sheet 
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Direct Growth of Single-walled Carbon Nanotubes Films and Their 

Opto・electricProperties 

OHuafeng Wang
1， Kaushik Ghosh1， Zhenhua Li2， Takahiro Maruyama1， Sakae Inoue1， 

Yoshinori Ando 1 

'21st COE Program“Nano Factoη〆，Department 01 Materials Science & Engineering， 
Meijo Universiか~ Shiogamaguchi 1-501， Tenpaku-ku， Nα'goya 468-8502， Japan 

2 Department 01 Mechanics， ZhザiangUniνersiか~ Hangzhou 31002スChina

In this studyラ weintroduce a new method to synthesize semi-transparent continuous 

single-wal1ed carbon nanotubes (SWNTs) films by arc discharge process. We employ an 

effective technique to purify as-grown samples and check their fie1d emission performance. 

The SWNTs films are sparse SWNTs bundles network structure containing metal partic1es 
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Fig. 1 a) The correlation between the film thickness and the 

excellent fie1d emission property with a low 

tum-on (Eto = 0.4 V/μm) and threshold (Eth 

= 1.4 V/μm) corresponding to the emission 

current density of 0.1μA/cm2 

mA/cm三respectively(Fig. 1 b). 

3.0 0.0 

and 
sheet resistance. Inset: SPM image of film with thickness of 

30 nm. b) Field emission from purified and as-grown SWNTs 
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Optical properties of single-wall carbon nanotube-P3HT composites 

QYe Feng1ぺYasurnitsuMiyata
2， Kiyoto Matsuishi 1， Hirornichi Kataura2，3 

1 Graduate school 01 Pure andαrpplied Physics， Tsukuba Universi帆 1-1-1Tenodai， 
Tsukuba， Ibaraki 305-8573， l4αrpan 

2Nanotechnology Research Institute， AIST， 1-1-1 Higashi， Tsukuba 305-8562，11ψm  
3 JST-CREST， IGωvaguchi330-0012，Japan 

Recentlyラ single-wall carbon nanotubes (SWCNTs) in conjugated polyrner 

cornposites have attracted rnuch attention because of their great potential in optical and 

electronic device applications such as sensors， p-n diodesラ andphotovoltaic cells. To 
design advanced rnaterials for these app1ications， it is necessary to understand their 
foundational physical properties. To dateラ rnanyresearchers ha ve investigated various 

polyrner-SWCNT cornposites.[1-3] However， no detailed study about the pure 
polyrner-SWCNT cornposites has been reported because the excess polyrners are 

rernained in the sarnples. These excess polyrners hinder the observation of intrinsic 

interaction between polyrners and SWCNTs. To solve this problern， in this study， pure 
SWCNT-poly(3-hexylthiophene) (P3HT) cornposites were separated企ornthe excess 

polyrners using ultracentrifugation and then their optical absorption and 

photolurninescence (PL) spectra were rneasured. 
Figure 1 shows the absorption spectra of pristine P3HT and SWCNT-P3HT 

cornposites in toluene solution. The 0.6 
absorption peak at 600 nrn in the cornposites 
is attributed to the absorption of P3HT 

attached to the SWCNTs. It shows a large 
red shift企ornthe original peak position剖
460 nrn of the pristine one. No absorption 

peak around 460nrn for the cornposites 
indicates that rnost of the企eeP3HT was 

rernoved仕ornthe sarnple. In the case of 

cornposites， PL of SWCNTs was observed， 
while that of P3HT was quenched. 
Interestingly， strong PL of SWCNTs was 
observed for high energy excitation (550 
-600 n叫 which was not seen in the 
surfactant-encapsulated individual SWCNTs. 

This suggests the high-efficiency energy 
transfer frorn the excited P3HT to SWCNTs. 

References: 
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Fig. 1 Optica1 absorption spectra of pristine 
P3HT (dash line) and SWCNT-P3HT 
composites (Solid 1ine). 

[1] E. Kymakis， G.A.J. Amaratunga， Rev. Adv. Mater. Sci. 10，300-305 (2005)， [2] A. Nish et al.， Nature 

Nanotechno1ogy 2， 640・646(2007)， [3] S. Kazaoui et al.， Appl. Phys. Lett. 87，211914 (2005) 
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Ionization Vacuum Gauge with a Carbon Nanotube 
Field Electron Emitter Combined with a Shield Electrode 
o Huarong Liu1，2， Hitoshi Nakahara¥ Sashiro Uemura3 and Yahachi Saito1 

Dept. of Quantum Eng・ぅNagoyaUniversit/， Nagoya University VBL 2， Noritake Co. Ltd.3 

Thermal electron sources are widely used in commercial vacuum gauges. However， the 

thermal radiation induced by a hot cathode disturbs both the pressure measurement and the 

vacuum condition， especially in ultrahigh or extreme high vacuum (UHV/XHV). Carbon 

nanotubes (CNTs) are a promising cold cathode material owing to their remarkable physical and 

chemical properties [1]. Here， the applicability of carbon nanotubes to an electron source for a 

vacuum gauge has been investigated so as to effectively overcome the thermal effects. 

A multi聞walledCNT film， covered by a gate cathode， was selected as a cathode in this 

experiment [2]. This emitter was used to replace the hot filament of a commercial Bayard-Alpert 

(B-A) gauge. The modified gauge was installed in a vacuum chamber with a base pressure of 10-9 

Torr， and it is tested for various ambient gas conditions. Several gauge configurations were tested 

in this experiment. An optimized one is shown in Fig 1. The introduction of the shield electrode 

can remarkably increase the electron transmission efficiency even with a reduced grid potential of 

~200 V. 

This gauge exhibits excellent measurement linearity between the ion current and the system 

pressure企om10-9 to 10-4 Torr， as shown in Fig. 1. Since the low pressure limit in this experiment 

is determined by the pumping system employed， this limit is expected to be extended to lower 

pressures. It is found that the cathode position plays an important role in the gauge sensitivity. So 

far， a gauge sensitivity of 6.4 Torr-1 has been achieved under 100μA emission current for nitrogen， 

and it is comparable with the sensitivity of commercial B-A gauges (~10 Torr-1). This gauge 

shows a low power consumption of ~0.14 W， and is therefore企eefrom ill effects due to thermal 

radiation such as outgassing. This type of gauge is expected to find applications in UHV/XHV 

systems. 

Reference 
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Dispersion of Single-W alled Carbon N anotubes 
Using Poly(amidoamine) Dendrimer Having Alkyl Chain at the Core 

oRyouta Ikeuchi1
ラ
TetsuyaUchida2， Tatsuo F可ie，Jun Takada2 and Yutaka Takaguchi1 

1 Graduαte School of Environmental Science， OkayamαUniνersiか"Okayama 700-8530， Japan 
LGraduate School ofNatural Science and Technology， Okayama Uniνersity， Okayama 

700四8530，Japan 

Noncovalent functionalization of single-walled carbon nanotubes (SWNTs) have 

attracted considerable attentionラ becausethe study would lead to the chemical and 

biochemical design to create functional carbon nanotubes in solution systems without 

alteration of their inherent properties. During our studies on the synthesis， characterization， 

and property of fullerodendron， we found that a solution of ful1erodendrons disperses S¥¥市Hs

via formation of supramolecular nanocomposite.[l] Although there are many reports 

describedπ-πinteraction between dispersant and SWNTs[2ラ3]，literature of surface 

modification of SWNTs employing CH-n interaction are quite limited. 

Here we report that SWNTs are well dispersed in water by the use of poly( amidoamine) 

dendrimer having alkyl chain at the core (Figure 1). Surface modification of SWNTs using 

CH-n interaction between the alkyl chain and SWNTs was confirmed by VIS小HR

spectroscopy (Figure 2)， Raman spectroscopyラAFMラandTEM observation. 
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Field Emission Characteristics of Carbon Nanotubes 

for Electron Microscopes 

OY.Kusano， K.Asaka， H. Nakahara， and Y. Saito 

D々pt.01 Quantum Eng.， Nagoya Universi収 Furo-cho，Nagoya 464-8603 

Carbon nanotubes (CNTs) possess promising properties such as small tip radius， high 
aspect ratio and robustness for field emission (FE) electron sources. We have developed a test 
system of the FE electron gun to evaluate the performance of CNT emitters and compare it 
with that of a conventional tungsten (W) cold emitter. 
CNTs used in this experiment訂emultiwalled nanotubes (M¥¥市Hs)produced by catalyst 
企eearc discharge method. Average diameter of MWNTs is about 15 nm. CNT emitters were 

mounted to a W needle by the following two methods. One is the electrophoresis method by 
which a thin bundle of MWNT was attached to the tip of a chemically etched W needle (Fig. 
1 (a)). The other is the manipulation method by which a MWNT was fixed to the tip of a W 
needle under SEM by manipulators and electron beam induced 
deposition (EBID) (Fig. 1 (b)). A commercially available single 
crystalline W (310) emitter for a SEM (S-800; Hitachi) was used 
for comparative experiments. The emitter， the extractor and the 
anode are designed to be compatible with the SEM described 
above. Base pressure of the appara佃sis about 10-8 Pa. Total 
emlsslOn current 1 was measured as a function of voltage V 
applied between the emitter and the extractor. The cathode 
-extractor distance was 3 mm. 

Fig. 2 shows Fowler-Nordheim (F-N) plots of the three 
emitters. The slope and the intercept of the F -N plots depend on a 
voltage-to-field conversion factor βラ anemission area Aラ anda 
work function ψof an electron emitter. Using reported values of 
ψfor CNT (4.6 eV) and W (4.35 eV)， s and A values for each 
emitter are obtained， as listed in Table 1. 
The large s and small A of CNT emitters prepared by the two 
methods show that even a thick M¥¥市Hof ~ 15 nm diameter has 

Fig.1 

CNT emitters prepared by 

(a) electrophoresis and (b) 

much higher performance than the conventional single crystalline manipulation methods. 

Wemitter. 
-19 

-23 

's; -27 
c 

一31

-35 

MWNT/ 
Wemitter'-manipulation 

1¥ 
MWNT/ 

023  456  7 8 
10…31V [¥["1] 

Fig. 2 F -N plots. 
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Table 1βand A values for 

CNTs and W emitters. 

β[cm-1] A [nm2] 
恥1¥1¥冷.JTI
electrophoresis 4.4 X 10

5 3.8 xl02 

民ilWNT/

manipulation 2.0Xl0
5 2.0 x102 

Wemitter 2.7 X 104 3.7 xl05 
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Fabrication of CaC03/SWNT N anocomposite U sing 
Fullerodendron-Assisted Approach 

oAkira Tsutsui， Yutaka Takaguchi 

Graduate School 01 Enνironmental Science， Okayama Universiか， 0初ryamα700-8530，Japan 

One promlsmg application of single-walled carbon nanotubes (SWNTs)[l] is the 

fabrication of a new hybrid materials containing SWNTs as a scaffold. Howeverヲ these

composite materials have been limited， due to the chemical ine出lessand poor solubility of 

carbon nanotubes. During our studies on the synthesis， characterization， and property of 

fullerodendron， we found that a solution of fullerodendrons disperses SWNTs via formation 

of supramolecular nanocomposite (Figure 1).[2] Furthermore， we have demonstrated the 

controlled fabrication of spherical vaterite CaC03 crystals using the fullerodendron with 

carboxylate groups at the terminals.[3] 

Here we report the synthesis of a new composite material consisting of SWNTs and 

CaC03 via the supramolecular nanocomposite， of which surface was covered with 

carboxylate groups as shown in Figure 1. The composite materials were characterized by 

SEM observation， FT-IRラandXRD analysis. Interestingly， SEM observation showed uniform 

spherical CaC03 composites with a size of ca. 12μm， of which surface was composed of 

rhombohedral subunits with size of 1μm， and the existence of SWNTs (Figure 2). 

。可+叫ん叩oτ叫."叩f
¥，，' 0 ~~- 111'11 らI ~ ;-O-K'.';¥ M' 
キ0 ム，~ζ 、~;'N(O 0)"ぺ

叩 4FE。もS，.NH ()_~ 
p ~ d:-γI_"...J"-O_K_ 

Figure 1. The structure of SWNT/fullerodendron 
supramolecular nanocomposite. 

[1] S. Iijima， Nature， 1991，354ラ56.

Figure 2. SEM images of (a) SWNT/CaC03 
composite， (b) magnified image of (a)， (c) 
magnified image of (b)ヲ(d)a cross section of the 
composlte. 

[2] Y. Takaguchi， M. Tamura. Y. Sako， Y. Yanagimoto， S. TsuboiラT.Uchida， K. Shimamura， S. Kimura， T. 

Wakahara， Y.恥1aeda，T. Akasaka， Chem. Lett. 2005， 34ラ1608.

[3] B. Talukdar， Y. Takaguchi， Y. Yanagimoto， S. Tsuboi， M. Ichihara， K. Ohta， Bull. Chem. Soc. Jpn. 2006， 79， 

1983. 
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Measurement of Thermal Conductivity of CNT-nanofluids 

by Transient Short-Wire Method 

OTakeshi Morimatsu1， Shogo Moroe1， Yasuyuki Takata1， 
Motoo Fujii2， Shinzo Su却 ki3，Masamichi Kohno1 

1 Department of Mechanical Engineering， KYUSHU University 

2 AIST， Resωrch Center for }かdrogenlndustrial Use and Storage 

3 Department of Physics，めotoSangyo Universi帆

Nanofluids are liquid suspensions where nano血sized particles are contained. 

Since the first report on the enhancement of effective thermal conductivity of water in 

the presence of Au nano-sized particles， many studies on effective thermal conductivity 

of nanofluids have been reported [1]. Howeverラthereare large differences among the 

values of effective thermal conductivity measured by different researchers， because it is 

very difficult to measure the accurate effective thermal conductivity of nanofluids. 

Recent1y， Zhang and Fujii succeeded to measure the accurate effective thermal 

conductivity of CNT-nanofulids by transient short-wire method [2]. The uncertainly of 

their measurements is estimated to be within 1 % for the thermal conductivity and 5% 

for the thermal diffusivity. The transient short-wire method developed in the late 90s by 

Fujii et a1.ラ isa variant of the conventional transient hot-wire method with the novelty 

that only one short conductivity cell is used and end-effects are accounted for by 

numerical simulation of unsteady heat conduction in the cell. This method has been 

successfully used to measure the thermal conductivity and thermal di印刷vityof various 

fluidsラmoltenpolymer， and carbon nanofluids. 

In this studyラ wemeasured thermal conductivity and thermal diffusivity of 

CNT-nanofluids and Ah03-nanofulids by transient short四wiremethod. The influence of 

the shape and kinds of containing nano-sized materials on thermal properties will be 

presented and discussed. 

References 
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Gate voltage dependence of electroluminescence from 

single-walled carbon nanotubes 

Norihito Hibino
1ユラ Hide戸lkiMakiぺTetsuyaSato2， Satoru Suzuki3 and Yoshihiro Kobayashi3 
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Single-walled carbon nanotubes (SWNTs) are attractive materials for the electronic and optoelectronic nanodevices 

because of their unique properties. Recently， some studies about the electroluminesc巴nce(EL) from an individual SWNT and 

SWNT network wer巴reported[1-4]. However， correlation ofthe EL emission with the transport behavior ofFET is not clear. In 

this paper， w巴fabricatea S玖TNT-FETsand SWNT film-FETs， in which SWNTs are grown by chemical vapor deposition 

(CVD) method， and measure the巴lectricaland optical properties. We observe the EL from these devices and investigate the 

emission mechanisms. In order to investigate the correlation of the EL emission with the transport behavior of FET， we 

simultaneously measur巴dthe EL and electric properties of S玖TNT-FET.A p++ Si wafer with thermally oxidized Si021ayer of 

500 nm thickness was used as the substrate. SWNTs were grown on a Si/Si02 substrate by CVD using ethanol and Co catalyst 

at 850
o
C. Source and drain contacts were fabricated by means of electron beam lithography and lift-off process. 

The gate voltage (九)dependences of the drain-source cu汀ent(Ids) and EL intensity for ambipolar FET are shown in 

Fig.l. In Fig.1 (a) and (b)，九isswept to th巳positiveand negativ巳siderespectively. Note that a strong hysteresis is observed 

during a gate voltage sw巴ep.The EL emission is dominated by electron because the EL emission intensity increases in 

positive Vg region. In addition， in this device， the Schottky barrier height for holes is low due to the high work function ofPd 

el巴ctrodemetal. These suggest th幻巴lectronis minority carriers in whole九regiorリndthe EL is dominated by minorit 

caηies. Ther巴fore，the EL emission might be caused by the recombination of electrons and holes injected仕omthe source and 

drain electrodes [1]. On the other hand， in p-type FET (Fig.2) the EL emission is dominated by majority carriers， i.e. hole 

because the EL emission intensity increases in negative Vg region. The EL emission might be caused by the impact exciton or 

thermal heating [2][3]. These九dependenceof drain current and EL intensity indicated that the mechanism of EL correlates 

with the transport behavior of FET， i.e. p-type or ambipolar. EL is also observed for the S¥¥明Tfilm幽FETs.Since a large 

number of SWNT exists in S雨明Tfilm-FET， the broad EL spectrum due to the superposition of the many SWNT peaks is 
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Study on Hydrocarbon Adsorption on MWNTs 
Using Field Emission Microscopy (FEM) 

oT. Yamashita， K. Asaka， H. Nakahara， and Y. Saito 

Dept. 01 Quantum Eng.， Nagoya University， Furo-cho， Nagoya 464-8603 

Carbon nanotube (CNT) is an ideal cold cathode material， but there are some difficu1ties to 
be overcome in order to apply as a nano-field emitter. The subjects to be solved include 
reduction of the tum-on voltage and improvement of emission current. Adsorption and/or 
coating of CNT surfaces by foreign material are possible methods to solve these subjects. 
Here， we investigated the effect of methane and ethane gas exposure to multiwalled carbon 
nanotubes (MWNTs) on their field emlSSlOn characteristics by using field emlSSlOn 
microscopy (FEM). 
MWNTs produced by arc discharge were attached to a同ngstenhairpin by graphi-bond. 
The base pressure of the FEM chamber was 8.0 x lO-s[pa]. Methane and ethane were 
exposed to MWNTs under the pressure of ~ 1 0-6[Pa] for 10 minutes. The distance between 
the screen and the emitter was about 30 mm. 
We discovered that the exposure of hydrocarbon gases usually increased emission current. 
Howeverラnoenhancement was observed under following circumstances; (1) when emitters 
were exposed with no field emission， (2) when the emitter was heated， and (3) when FEM 
pattems did not show pentagon pattems. The rate of emission current increase brought 
about by the gas adsorption was nearly the same between methane and ethaneラ though
adsorption energy of a methane molecule on graphene was weaker than ethane [1]. Figure 1 
and 2 show 1-V curves measured before the gas exposure (0)， right after the exposure (ム)，
and after 3 hours emission (x). For both gases， emission current increased when I-V curves 
were measured prompt1y after the exposure. In subsequent I-V measurements (x) after 3 
hours emission experiment， the current decreased for both gasesラthoughthe rate of current 
decrease was different between gases. For the emitter exposed to methane， the current 
dropped to almost the same level of the emitter before exposureラwhilethe ethane-exposed 
emitter retained high level of field emission. Since ethane has larger adsorption energy than 
methaneラethanemolecules are bound stronger and thus retain longer time to the surface than 
methane. This may be a cause of the observed the prolonged high emission for ethane. 

2.5 2.5 

1 2 。Beforeexposure 1 2 
。BeforeexpOSUl.e 

-2F【= 。『司 1.5 
" After methane expos町 e

= 8= 巳1.5

^ After ethane exposure 

x After 3h emission ， After 3h emission 

羽田己負w 
33己《、同J 2 5 

305 E 0.5 
弘j

。 。
300 400 500 600 300 400 500 600 

Applied ¥oltage [V] Applied voltage [V] 

Fig.1 1-V curves for methane exposure Fig.2 1-V curves for ethane exposure 

[1]T. R. Rybolt et al， J. 01 Colloid and lnteゆceSci.， 296， (2006) 41・50
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Application ofVertically-Aligned SWNT Films to the Counter Electrode 

of Dye-Sensitized Solar Cells 

OJun Okawa， Erik Einarsson， Junichiro Shiomi and Shigeo Mamyama 

Dψαr併lentof Mechanical Engineering， The Uniνersityofおかo

7-3-1 Hongo， Bun砂'o-ku，Tokyo 113-8656， Japan 

We aimωapply ve出callyaligned single-walled carbon nanotube (V A -SWNT) films [1 ] 

syr曲目izedby ACCVD me由od[2] to count町 elec1:ri吋es(CEs) of dye-sensitized solar∞11s (DSCs). 
Previously [3]， we developed a DSC with viιSWNT fi1ms installed as a CE， in place of conventional 

sputtered pt on fluorine-doped tin.oxide (FTO) layers， by transferring a VA-SWNT film on a 

FTO-coated glass subs回.teusing our hot-water detachment technique [4]. Howeverラ1-V curves of the 

fabricated DSCs showed smaller fill戸ctor由加 ourreference DSC with spu尉:red-PtCE. Based on 

fitting analyses of these 1-V characteristics using出eone-diode equivalent circuit model [5]ラ we

a町ibutedthe small fill factor to the contact resistance at批 interfacebetween批 VA-SWNTfilm and 

由eFTOlayer.

In the present study， in order to reduceせlecontact resistance， we adopted Si subs回.tesdeposited 

with AulCr metallic bilayer (Fig. 1) instead of血eFTO-coated glass substrates. Figure 2 shows an 

improvement of the斤IIfactor achieved by由ischange. We will dis印白血ereason of出isimprovement 

as well as出epossibi1ity of replacing conventional PtlFTO CEs wi血VA-SWNTfilms in DSCs. 

Fig.1 An SEM image ofthe岡田氏rredSWNT
film onAulCr bilayer d叩ositedonto a Si subs回総.

[l]Y.M団法m凶etal.， Chem. Phys. Lett. 385 (2004) 298. 

[2] S. Maruyama et al.， Ch側•Phys. Lett. 3ωο002) 229. 
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[3] J.Okawa et al.， The 35th Fullerene-Nanotube General砂川Josium，3P-28 (2008). 

[4] Y. M町北amiand S. Maruyama， Chem. p，勾!s.Lett. 422 (2006 ) 575. 

[5] Z. Ouennou.出iand M. Chegaar， SoliιStateElec抑 n.43 (1999) 1985. 
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Carbon nanotube growth on atomic force microscope cantilever by 

using liquid Co catalyst 

Chien-Chao ChiuO， Masamichi Y oshimuraラKazuyukiU eda 

Nano High-Tech Research Center， おyotaTechnologicallnstitute， 2-12-1 Hisakata， 

Tempaku， Nagoya 468-8511， Japan 

Abstract: 

Carbon nanotubes (CNTs)[l] have been growth on the tip of atomic force 

microscope (AFM) cantilever by Microwave plasma enhanced chemical vapor 

deposition (MPECVD). Because of the excel1ent properties which inc1ude high aspect 

ratio， strength， and conductivity， CNT has been used for the nanomaterial on tip of the 

scanning probe. The catalyst of CNT growth was prepared by liquid Co acetate[2] at the 

concentration of 5-30 wt% with ethanol as a solvent. The cantilever was coated on by 

dip coating method in the prepared Co solution. The cantilevers were put up side down 

to centralize the catalyst on the apex of tips until the evaporation of solvent. The CNTs 

were grown in the MPECVD growth system at the temperature of 630 oC for 3-15 min 

under H2 and CH4 mixture. Figure 1 shows the SEM images of the tips before and after 

CNTs growth. After growthラtheonly one independent CNT with the diameter of 30 nm 

and height of 300 nm was found on the apex of the tip for the further measurement. 

Figure 1. SEM images ofthe tips (a) before and (b) after CNTs growth. 

Reference: l. C.-C. Chiu， T.-Y. Tsai， and N.-H. Tai， Nanotechnology 17 (2006) 2840. 

2. Y. Murakami et al.， Chemical Physics Letters 385 (2004) 298. 
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A molecular dynamics study of metal coating on SWNT 

OTeppei MatsuoラlunichiroShiomi and Shigeo Maruyama 

Department 01 Mechω1ical Engineering， The Universiか01おかo

7-3-1 Hongo， Bunかo-ku，おか0113-865丘Japan

Metal coating on an SWNT is an important element technology in CNT-based electric and thermal 

device integrations. With the strong motivation， va恥CUl孔um白凶吃.

onto S羽W弓NThave been reported [い1，2勾]， and the observed metal morphologies have been explained 

based on the static energetics. However， in order to grasp the full picture of the coating mechanism， 

one would also need to consider the contribution of dynamics， and thus， molecular dynamics 

approach is useful [3]. In the current simulations， we take a similar MD model to the previous report 

[3] with Brenner bond order potential [4] for carbon covalent bondsラbutuse different metal models; 

the GEAM potential [5] for metal-metal， and Lennard-Jones fitted potential for the carbon-metal 

interactions. The coating processes were simulated for various metal kinds， temperatures， and 

deposition conditions such as initial cluster sizes 

and deposition rates. 

The morphology of the deposited metal 

strongly depends on the metal kind as seen in 

Figure 1. For these cases， the metal 

morphologies are confirmed to be insensitive to 

temperature in a realistic range. While Ti atoms 

cover the entire SWNT， Au and Fe atoms locally 

cling onto SWNT and forms clustersラwhereAu 

clusters are more spherical than Fe ones. The 

results of Ti and Au are consistent with the 

metal coating experiments [1ヱ]， though that of 

Fe is not. The deposition processes wi11 be 

presented for various parameters and conditions， 

and the mechanism will be discussed， also for 

the cases with bundled SWNTs. 
Fig. 1 Various metals deposited on SWNT 

[1] Y. Zhang etal.， Chem. Phys. Lett.， 331 (2000) 35. [2] K目 Ishikawaetal.， Proceedings of ASME-JSME Therma1 

Engine巴ringSummer Heat Transfer Conferenc巴(2007)32783. [3] S. Inoue etal.， Chem. Phys. Lett.， 464 (2008) 160. 

[4] D. W. Brenner， Phys. Rev. B， 42 (1990) 9458. [5] X. W. Zhou etal.， Phys. Rev. B， 69 (2004) 144113. 
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Line-Patterned Carbon Nanotube Cold Cathodes 

o Yosuke Shiratori 1， Koji Furuichi2ラSuguruN oda 
1 

1 Dept. 01 Chemical System Engineering， The University 01あわ叫おか0113-865民Japan
2 DAINIPPON SCREEN MFG Co.， LTD・9めoto602-8585， Japan 

Carbon nanotubes (CNTs) are expected as electron emitters to be applied for light emitting 

devices such as field emlSS10n displays and backlight units for LCDs. Improvements of 

driving voltage， emission uniformity and lifetime are still open subjects. Thinner CNTs such 
as single-walled and double-walled CNTs (SWCNTs and DWCNTs) can be potentially used 

as emitters to lower the driving voltage. Here high density implementation is necessary to 

ensure emission uniformity and lifetime. We proposed the 1D-Array of SWCNT emitters 

prepared though a quick CVD process for 5 -15 seconds [1]. A low driving voltage and 

rather good emission uniformity were demonstrated， however optimized cathode 
configurations have not yet been obtained. 

An assembly of line-patterned micro-cathodes (spacing: 10 -100μm) and top-gates (slit 

width， w: 0.5 -2μm) were fabricated through electron-beam or photo-lithography. Ah03 
underlayer and Co catalyst layer were then sputter-deposited through the gate slits (Fig. 1a). 

These two layers on a resist/gate layer were removed by a subsequent lift-offprocess. Catalyst 

(Co) and supporting (Ah03) layers were selectively formed on批 linepatterned ca出odes.It 
should be noted that the gate slits dilute the deposition flux of Co [2]， and therefore a gradient 
thickness profile of the Co catalytic layer is formed on the bottom of cathodes (Fig. 1a). 

Prepared substrates were annealed under H2/ Ar gas atmosphere for 10 min， and thermal CVD 
was carried out for 5-90 sec at 800 oc. Here C2H2 was used as a source gas. As the illustration 
in Fig. 1 b， CNTs grew on the bottom of trench. A variety of bundle morphologies were 
obtained for the samples prepared under different CVD conditions and trench structures. An 

example of FE properties is shown in Fig. 1 c. Optimized configurations (emitter 

mo叩hologiesand trench structures) in the line-patterned CNT emitter arrays， which realize 
both high emitter density and effective electric field enhancement， are discussed. 

(a) d=0.5-1 J.tm .w:=0.5-2J.tm (c) d= 1μm， w= 1.5μm， t = 0.3μm 
5， 
4~1la@85VI 伺@45V::::0.9 x1041 
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Fig. 1. Illustrations ofline pattemed cathodes prepared on Si substrates， (a) after catalyst sputtering and (b) after CVD. (c) An 

example offield emission properties obtained for a representative trench configuration， Ia: anode current， Vg: gate vo1tage. 

[1] K. Furuichi， Y. Shiratori， S. Noda， Y. Tsuji， H. Sugime， and Y. Yamaguchi， "ID-Array of Self-Organized 

SWCNT Micro-Emitters"ラpresentationC-59 in NT08， Montpellier， France， June 2008. 

[2] S. Noda， H. Sugime， T. Osawa， Y. TSlリi，S. Chiashi， Y. Murakami， and S. Maruyama: Carbon 44 (2006) 1414. 

Corresponding Author: Suguru Noda， TEL: 十81-3開5841-7332，FAX: +81-3帽5841-7332，E-mail: 

noda@chemsys.t.u-tokyo.ac.jp 
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N ew electrocatalyst for PEFC based on carbon nanotubes wrapped by 

polybenzimidazole 

Minoru Okamotol
ラ
OTsuyohikoFujigayal， Naotoshi NakashimaJ，2 

IDepartment of Applied Chemistry， Graduate School ofEngineeri昭

2 めJushuUniversi帆 Fukuoka，Japan 
JST-CREST， 5 Sanbancho， Chiyoda-ku，おか0102-0075，Japan 

Abstra凶 Polybenzimidazole(PBI: Fig. 1) is widely I〆、目1， .N.Y.ぺ1¥
known as a promising candidate for伽甘吻temembrane μ、人~ilí~N~は

of polymer electrolyte fuel cell (PEFC) operating under ¥¥〆 H /n 

dry condition. On the other hand， carbon nanotubes Fig. 1 Polybenzimidazole (PBI)・

(CNTs) have been emerged as a better carbon support material than conventional material 

such as carbon black. We have reported the PBI is adsorbed onto the surface of CNTs and acts 

as the good solubilizer [1]. By taking advantage of stable wrapping of PBI on CNTs， we 

utilized this composite as a novel carbon supporting materials for loading the metal catalyst 

such as platinum (Pt). As the resu1t， the PBI-wrapped CNTs show better efficiency of Pt 

loading than that of pristine CNTs due to the coordination between Pt ion and PBI. 

Furthermore， the obtained electrocatalyst (CNT/PBIIPt) shows excellent Pt utilization 

I~\YH、-刑-é、\efficie町 mainly due to the formation of ideal interfacial 
//.グ¥】_N N-./、、1
りよJl~rn~パI人λstructure constructed by the CNTs， PBI and Pt [2] 
くv 、NU目l'VYJn HowmLWC also削 icedthe electro伽 nicallyactive 
Fig. 2 Chemical struc加reofPyPBI area (ECSA) was gradually decreased during long time 

operations caused by the aggregation of the Pt. 

In this study， we chose pyridine開containingPBI (PyPBI) in order to obtain better 

topological stability via chelate formation between PyPBI and Pt and found new 

electrocatalyst composed of CNTs， PyPBI and Pt (denote as CNT/PyPBIIPt) exhibitラ as

expectedラ negligibledeterioration under 

long time operations as presented in 

Table 1. The detail mechanism of the 

elec仕ochemical stability of the 

PyPBI-based electrocatalyst will be 

discussed in the presentation. 

Table 1. ECSA values of the catalysts 

ECSA [m2/gj After 20 cycles After 250 cycles 

CNT/PBI/Pt 46.1 33.8 

CNT/PyPBI/Pt 38.0 38.2 

References: [1] M. Okamoto， T. F可igaya，N. Nakashima， Adv. Funct. Mater. 2008，18，1776-1782 
[2] M. Okamoto， T. Fujigaya， N. Nakashima， Small inpress. . 
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Tel&Fax:十81-92-802-2840
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Transparent conducting properties of SWCNT films at a range of thickness 

o Eisuke Haba 1
ラ
SuguruNoda

2 

!日TACHICHEMICAL. Co.， LTD， Toか0163-0449，Japan 
"Dept. of Chemical System Engineering， The UniversiかofTokyo，Tokyo 113-8656， Japan 

SWCNTs are an at1ractive candidate material for transparent electrodes [1] owing to their 

unique structural and physical characteristics such as high aspect ratio， high electrical 
conductivityラandflexibility. Extensive research has been made， however， systematic data for 
the structure and film properties are still important. In this workラweprepared films of both 
SWCNTs and MWCNTs at a range of thickness and studied their transparent conducting 

propertles. 

SWCNT were synthesized by chemical vapor deposition (CVD) using ethylene as a carbon 

source and Fe/Al-Si-O as a catalyst [2]. SWCNTs formed vertically aligned forests with 
thicknesses of 160 and 900μm in 1.5 and 10 min， respectively. Commercially avai1able 
MWCNTs of 10 nm in diameter were also used as comparative sample. Their aqueous 

suspensions were prepared by tip sonicator (400 W， 1 h) using sodium dodecyl benzen sulfate 
(SDBS) as surfactant， and their uniform films were prepared by vacuum filtration (VF) 
method[3]. 

Figures below shows SEM images of CNT films and their transparent conducting 

properties. Three tubes showed different resistance-transparency curves and the sheet 

resistance was SWCNTs (160μm) < SWCNTs (900μm) < MWCNTs. SWCNTs have much 
smaller resistivity than MWCNTs owing to the better contacts among themselves. On the 

other hand， these CNT films showed the same curve for transparency vs. CNT loads. These 
results mean that the transparency of CNT films is solely determined by the CNT loads but 

the sheet resistance is affected by the struc町民 ofindividual CNTs and their networks. 

Therefore， the guideline for developing transparent conducting films is using SWCNTs at a 
fixed load (ex. 1μg/cm2 for 90 % transparency) and improving the conductivity of SWCNT 
networks by controlling structures and properties of individual SWCNTs and their networks. 
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Figur・e.SEM Images of CNT films and their佐ansparentconducting properties. 
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[1] D. Zhang， et al.， Nano Let1.， 6， 1880 (2006). 

[2] S. Nodaラetal.， Jpn. J. Appl. Phys. 46 (17)， L399-L401 (2007). 

[3] Z. Wu， et al.， Science. 305， Ll273 (2004). 
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Defects on Multi-walled Carbon Nanotubes by Cobalt Oxide 

o Do-H yun Kim and Keiko Waki 

Dept. of Energy Sciences， Interdisciplinαry Graduate school of Sci. & Eng. 
Tokyo Institute ofTechnology， 

Mαilbox G3-4， Bldg. G3， 4259， Nagatsuta-cho， Midori-ku， 
Yokohama-shi， IGαnagawa， 226-8502， Japan 

To make defects or modify the superficial properties of CNTs， three kinds of treatments 

(liquid， gas and solid state reaction) are generally used: acid， 03， and CO2 treatment. However， 

creating defects by solid state reaction has not been studied well till now. 

In this study， a new method was studied to create crystal defects on the surface of 

multi-walled carbon nanotubes (MWCNTs) by using cobalt oxide. Defects on MWCNTs were 

created at low temperature through the air oxidation of cobalt oxide. Firstly， CoO was 

deposited on MWCNTs by impregnation method and it was oxidized at 250
0

C under air 

atmosphere. XRD analysis revealed that the structure of cobalt oxide changed from CoO to 

C0304 after air oxidation. TEM images c1early showed that various shapes of defects were 

observed on the surface of MWCNTs. After removing cobalt oxide existing on MWCNTs， 

pure defective MWCNTs were obtained. Only defective sites lost crystallinity and other part 

showed c1ear crystallines. 

Corr右spondingAuthor: Keiko Waki 

TEL: +81-45-924-5614， FAX: +81-45-924-5614， E-mail: 'Aaki.k.aa@m.titech.ac.io 
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Third Isomer of La⑧CS2 

OHiden'Ori Kug~， 1 Hidefumi Nik:awa，l Na'Omi Miz'Orogi，l Tak油ir'OTsuchiya，l Mid'Ori O. Ishitsuka，l 

Zdenek Slanina，l Takeshi Akasaka， 1 Ke吋iY'Oza，2 ShigeruNagase? 

1 Center for Tsukuba Advanced Research Alliance， 

Uniνersiか Q灯sukub~ Tsukub~Ibaraki305-857ス Japan，

2 Bruker AXS K.K.， Yokohαma 221-0022， Japan， 

3Department ofTheoretical and Computationα1 Molecular Science， 

Institute for Molecular Science， 0初'zaki，Aichi 444-8585， Japan 

End'Ohedral metall'Ofullerenes have a世actedspecial interest because 'Of the unique s仕uc加reand 
properties由atare unexpected f'Or empty fullerenesY Since Smalley and c'O-w'Orkers rep'Orted in 1991 
血atlanthanum metall'Ofullerenes were produced abundant1y in the s'O'Ot， but 'On1y La@C82 was 
extracted with t'Oluene，3血echemistry 'Of s'Oluble end'Ohedral metall'Ofu11erenes has s匂巾d， and upω 
n'Ow， many s'Oluble end'Ohedral meta11'Ofullerenes have been is'Olated and characterized.1ム4-8On the 
c'Ontr百yラins'Olubleend'Ohedral metall'Ofullerenes such出 La@C仙 La@C70，La@Cn， La@C74 and s'O 
f'Orth have n'Ot yet been is'Olated， alth'Ough they are regularly 'Observed in白eraw s'O'Ot by mass 
spec仕ometry.Recently， we succeeded in the ex回cti'Onラis'Olati'On，and characterizati'On 'Of a missing 
metall'Ofullerene La@Cn (n = 72 and 74) 9，10 as a derivative.百11Sex回cti'Onderivatizati'On me血odis a 
p'Owerful t'O'Ol f'Or血eex回cti'On，is'Olati'On， and c'Onc1usive identificati'On 'Of missing metall'Ofullerenes. 
We herein rep'Ort血e白就位uc加raldeterminati'On 'Of a m'On'O-metall'Ofullerene d町ivative，

La@C82(C&fI3CI2)ラ thathas a n'Ovel structure C3v-C氾 (82:7)cage by sp∞tr'Osc'Opic and X-ray 
αystall'Ographic analysis. Interestingly， the'Oretical investigati'On indicates由atLa@C82 with C3ν-C82 
(82:7) is n'Ot stable， but its derivatizati'On makes it m'Ore stable. 

References: 

[l]En柑 lllerenes:A New Fami，かC!fCGlるonClus伽;AkおねT.，Nagase， S.，日5.;Kluwer Academic Publisher: Dordrecht， 

TheNe血erlands，2002; pp 1. [2] WilsonラS.;Schuster， D.; Nuber， B.; Meier， M. S.; Maggini， M.; Prato， M.; Taylor， R In 

Fulleren日 :Chemかめ¥p，郎官ics，and Technoわgy;Kadish， K. M.， Ruoff， R S.， Eds.; Wiley: New York， 2000;α即断3，pp91. 

[3] Smalley， R E. et al. J Phys. Chem. 1991ラ95，7564. [4] Be白山e，D. S. et al.均的re1993， 366， 123. [5] Nagase， S.; 

Kobayashi， K.; Akasaka，工Bull.Chem. Soc. Jpn. 1996，69， 2l31. [6] Nagase， S.; Kobayashi， K.; Akas北みT.J Comput. Chem. 

1998，1久232.[7] Nag，蹴，S.; Kobayashi， K.; AkasねヲT.;鴨池油肌工InFulたren日 :Chemistry， Phys郎仰dTechnology; 

K吋ishラK.，Ruoff， R S.， Eds.; Wiley: New York， 2000; Chap町 9，pp 395. [8] Akas誌a，工etal. J Am. Chem. Soc. 2000， 122， 

9316. [9] Wak油ara，T. etal.JAm. Chem. Soc. 2006， 128，14228. [10] Nikawa，H. etal.JAm. Chem. Soc. 2005， 127， 9684. 
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Molecular and Electronic Structures of Di-erbium and 

Di-erbium-carbide Metallofullerenes Er2(C2)⑨CS2: Density 

Functional Theory Calculations 

Jian Wang1， Stephan 1de1*， and Keiji Morokuma2 

IInstitute for Advanced Resωrch and Department of Chemistry， Nagoya University， 

Nagoyα464-8602， Japan 2 Fukui Institute for Fundamental Chemistη1， Kyoto 

Universiか，め10to606-8103 

E-mail: sirle@iar.nagoya-u.acjp 

Density functional theory geometry calculations have been perfoロnedto 

elucidate the molecular and electronic structures of di-erbium and di-erbium-carbide 

endohedral metallofullerenes Er2@CS2 and Er2C2@CS2・Cl6)(1)， C2v(9) (ll)， and C3v(8) 
(1l1) 1PR isomers of CS2 were considered. We have employed B3LYP using Ahlrich's 

SVP and TZVPP basis sets for carbon， and the Stuttgart-Dresden SRSC97-ECP 
effective core potential and basis sets both with explicit consideration of f electrons 

and without， assuming in the latter case a 6s2Sd1 valence configuration to emulate the 
effects of strong electron correlation. We find that in each compound the erbium 

atoms assume a trivalent state， where two electrons from each Er are transferred to the 
CS2 cage (LUMO and LUMO+ 1 become doubly occupied， corresponding to the CS2

4 

electronic state)， and one electron is promoted from the Er 4f shell to the Sd shell， 

which subsequently becomes involved in covalent bonding to the nearest surrounding 

atoms by utilizing sd hybrid orbitals. Such chemical bonding situation is comparable 

to that encountered in Er3N@ful1erene compounds， where the cages are found to be 

6-fold negatively charged， and three covalent Er-N bonds exist. 1n particular， the C2 

unit engages in strong covalent binding to the Er sd hybrid， which gives rise to the 

notion of only weak charge uptake as detected by MEM-Rietveld X-ray 

measurements. Since the Er 4f shell is occupied by only about eleven electrons 

according to Mulliken population analysis， Er3+ーlikeemission from 4113/2 to 4hs/2 is 

consistent with the notion of only 2 electrons per Er fully transferred to the cage. 

The higher photoluminescent activity of isomer III compared to other isomers 1 and II 

stems from a sizable (LU恥10+2)-(LUMO+ 1) gap in the C3v(8) cage. Our prediction 

for photoluminescence intensity for all three isomers is consistent with the 

experimental results by Shinohara and coworkers. 
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Selective Irradiation of Ionic Heterogeneous Fullerenes Generated by 

Electron Beam Impact Ionization 
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lDepartment 01 Electronic Engineering， Tohoku University， Sendai 980-8579， Japan 

2Ideal Star Inc.， Sendai 989-3204， Japan 

Alkali metal endohedral白llereneshave attracted much atiention because they are expected 

to be a candidate for the novel material to modify the electrical and optical properties of 

single-walled carbon nanotubes (S¥¥明Ts).We have developed the plasma ion irradiation 

method to create the new-functional fullerene encapsulated SWNTs， where the negative and 

positive ions in the plasma can selectively be irradiated depending on the polarity of substrate 

biases. Hereラwegenerate a plasma consisting of ionic heterogeneous fullerenes such as C60 

and lithium endohedral fullerene Li@C60 by means of an electron beam impact to the 

sublimated Li@C60/C60 composite which is mass-produced by 1deal Star 1nc. in collaboration 

with Tohoku University. 

Figure 1 shows mass spectra of the deposits on the substrates which are (a) positively (Vsut、
= +20 V) and (b) negatively (Vsub = -20 V) biased， where a laser desorption time-of-flight 

mass spectrometer is operated in the positive ion mode. The deposits on the positively biased 

substrate give the high-intensity mass peak of C60 (720) with the low-intensity mass peak of 

Li@C60 (727). In contrast， the high-intensity peak ofLi@C60 is observed仕omthe deposits on 
the negatively biased substrate. Figure 2 presents the intensity ratios of mass peaks of Li@C60 

to C60 (1727/1720) deposited on the (a) positively and (b) negatively biased substrates as a 

function of the electron beam impact energy Ee. It is found that the Li@C60 tends to form not 

negative but positive ions around Ee=200 e V and the Li@C60 positive ions are selectively 

irradiated to the negatively biased substrate. These results imply that the Li@C60 plays a role 

of electron donor in SWNT-based electronic devices. 
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Absfracf: 

Endohedral metalloful1erenes are one of the candidate materials for nanoelectronics 
applications due to their unique electronic and magnetic properties which associated with the 

charge transfer interaction between the encapsulated metal atom and a ful1erene cage [1， 2]. 
We have demonstrated that single endohedral metallo乱lllerene orientation switching 

phenomena by introducing alkanethiol self-assembled monolayer (SAM) as interlayer to 
control the interaction between endohedral metallofullerene and metal substrate [3]. To realize 

molecular orientation switching device by using endohedral metal10白llerene，it needs to 
clarifシtheswitching mechanism. We reported the local electrical properties of Lu@CS2 on 
heptanethiol SAM by scanning tunneling microscopy (STM) and current imaging tunneling 

spectroscopy (CITS) [4]. Here， we report change in the molecular orientation of individual 
LU@CS2 on octanethiol SAM under the application of the sample bias voltage. 
From molecular resolution STM images of LU@CS2 at 65 Kラweobserved the stripe 

st印刷rewhich indicates intermolecular features of Lu@CS2 molecule on octanethiol SAM. 

Then we measured CITS at different 64 points on individual LU@CS2 molecule on octanethiol 
SAM 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ラrespectively.We 
visualized HOMO peak intensity on 64 points. Comparing these molecular resolution STM 
images and CITS of individual LU@CS2 on octanethiol SAM by density白nctionaltheory 
(DFT) calculations of Lu@CS2 in a vacuum， we demonstrate change in the molecular 
orientation ofLu@CS2 under the app1ication of -3.5 V sample bias voltage. 

References: 

[1] H. ShinoharaラRψ Prog.Phys. 63， 843 (2000). 
[2]K. Wang， J. Zhao， S. Yang， L. Chen， Q. Li， B. Wang， S. Yang， 1. Yang， J. G. Hou， and Q. Zhu， Phys. Rev. Lett.， 

91， 185504 (2003). 

[3] Y. Yasutake， Z. Shi， T. Okazaki， H. Shinohara， and Y. M勾ima，Nano Lett.， 5， 1057 (2005). 
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important to know the best way to store the endohedral metallofullerene samples to 

perform various experiments. The researchers who have prep訂edthe metallofullerene 

samples know that the solubility of metallofullerene is decreased after extended storage. 

In this presentation， we discuss about storage conditions of metallofullerene samples. 

Soot containing Ce@CS2 was prepared by an arc discharge method. Ce@CS2 was 

extracted by Soxhlet exaction using dimethylfolmamide and purified by using HPLC [1]. 

The purified samples were stored under some storage conditions; (1) powder stored 

under air， (2) powder sealed in glass tube under 

vacuum， (3) powder sealed in glass 

vacuum stored at 100 oC， (5) toluene solution stored 

carried out. It is very Many studies of endohedral metal1oful1erenes have been 

under tube 
As prepared 

a refrigerator， (6) toluene 

freezer， (7) toluene solution exposed to sunlight. 

Fig. 1 shows the HPLC profiles of the Ce@CS2， 

(a) as prepared (b) stored in refrigerator for 10 days 

and (c) 34 days. The peak of the Ce@CS2 

almost gone after 34 days. This result suggests that 

the form of the Ce@CS2 was changed to something 

results of the other 
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Synthesis of Amino Fullerene Derivative and its Application for P A-6 
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We have developed the effective methods to prepare the nitrofullerene intermediate
1
) and its 

application to synthesize hydrophilic fullerene derivatives， such as hydroxyfullerene 

derivatives. Aiming at the further application of the nitrofullerene intermediate， amino 

functional groups were in仕oducedto give aminofullerene derivative. 

磯町戸鞠叫子轡村}
Hydrophilic 

PA6 (Polyamide 6)/amino-fullerene nanocomposites were prepared by melt-mixing in a 

conical twin-screw extruder抗 260oC and vacuum dried over night at 80 oC. Since amino 

groups of amino-fullerene derivatives form hydrogen bonding with PA6 interaction between 

amino fullerene derivative and PA6 should be quite strong. Mechanical property 

measurements indicate that the tensile strength of PA6/amino-白llerenecomposites is 

improved by 8-10% with addition of only O.lwt% amino 白llerenederivative. Transmission 

Elec仕on Microscopy (TEM) of PA6/amino-fullerene nanocomposites showed that 

amino-fullerene derivatives were well-dispersed inPA6 matrix by simple melt-mixing. 

TEM ofPA6/amino fullerene nanocomposites (left) and PA6 (right). 

References: V Anantharaj， J. Bhonsle， T. Canteenwala， and L. Y. Chiang， J. Chem. Soc.， 

Perkin 1シans.1， 1999，31-36. 
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Ultrasound-Assisted Cycloadditions of [70]Fullerene with 
Various2・Azidoethylper-O-Acetyl Glycosides 

Shinsook Yoon1， Sung Ho Hwang2， Sung Kyu Hong2ラoIcongHo Led andweon Bae K02* 
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lFacultyofLiberal Arts， Kangnam University， Yongin 449-702， South Korea 
'" Department of Chemistry， Sahmyook University， Seou1139-7 42， South Korea 

Under ultrasonication， cycloaddition of [70]白llerene with various 2-azidoethyl 

per-O司悦etylglycopyranoside of D-mannose(1a)， D-galactose(lb)， D-glucose(lc)ラ D-xylose 

(1d) and D-maltose(1e) yielded glycosyl [70]fullerene derivatives 2a-2e. Based upon lH_ and 

13C-NMR，F下IR，UV-vis， and FAB-MS analyses， 2a-2c and 2e were a mixture of the major 

closed [5，6]-bridged isomer product and two isomers as the minorラmonoadditionproducts. 

However， in the case of D-xylose
ラ
2dwas an unusual mixture of four mono-adducts in the 

ratio of ca. 9: 11: 1 0:4. 
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Formed by Diastereoselective Diels-Alder Reaction 
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Chiral白l1erenederivatives are likely to play an important role in the areas of 

pharmaceuticals and optics. In particular， optical1y active fullerodendrimers are expected to be 

used for versatile applications. However， there is no report on the synthesis and properties of 

fullerodendrimer having chiral moiety. During our studies on the synthesis and properties of 

fullerodendron[1，2]， we have found that the enantiomeric fullerodendron could be obtained by 

the reaction of C60 with ant同 1dendron having chiral sugar moiety at the termina1s. This 

paper describes that the enantiomeric separation of ful1erodendron formed by 

diastereoselective Diels国Alder reaction of C60 with anthryl dendron having D同 or

L-guluconamides at the terminals. To our knowledge， this is the白rstexample of the 

diastereoselective [4+2]addition reaction of C60 and the enantiomeric separation of白l1erene

derivatives having dendritic architecture. 

Optically active白llerodendron(Fig. 1) was obtained by Diels-Alder reaction of 

白llerenewith ant面yldendrons having D-gluconamides at the terminals. Interestingly， 

diastereoselective additionラofwhich diastereomer ratio was estimated to be 3 :2， was observed 

by lH NMR as shown in Fig. 2. Furthermoreラ theenantiomeric separation of the 

fullerodendr・onwas succeeded by column chromatography. The structure of enantiomeric 

fullerodendron was confirmed by lH， 13C NMR， MALDI TOF-MS， and CD spectra. 

Jfこよよ日比
~ HC ハ

口 J何百
JAlJN
コパL P 
A叫可γ:AC

Fig. 1. Enantiomeric fullerodendron. Fig. 2. lH NMR spectra of the mixture of diastereomer 
obtained by the Diels-Alder reaction. 
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Tetrahedron Letters， 44， 5777 (2003). 
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The study of deca(carbazolylphenyl)[60]ful1erene derivatives revealed that the 

carbazolyl group acts as an electron-withdrawing group and that efficient energy transfer 

occurs from the carbazolyl group to the center ful1erene part [1]. We anticipated that this 

carbazolyl group can be used as a light-absorbing p訂tin the new photocurrent generating 

ful1erene derivatives [2]. 

Herein we report the syntheses and electrochemical properties of 

penta(carbazolylphenyl)[60]ful1erene thiols (1) and phosphonic acids (2) as wel1 as 

photocurrent generating properties of self-assembled monolayers (SAMs) of these molecules 

on gold and indium tin oxide (ITO) electrodes. The thiol 1 on the gold electrode generated 

cathodic photocurrent in the presence of methyl viologen and oxygen. As for the phosphonic 

acid 2 on the ITO electrode， anodic current was larger than cathodic one. 

Reference: [1] X. Zhang， Y. Matsuo， E. Nakamura， Org Lett.， 2008， 10， 4146. [2] Y. Matsuo， K. Kanaizuka， K. 

Matsuo， Y.-W. Zhong， T. Nakae， E. Nakamura，よAm.Chem. Soc. 2008， 130， 5016. 
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Supramolecular organic nanostructures created by self-assembling molecules 
have long attracted attention due to potential applications as functional materials. 
Fu凶Iller，陀en即1日eliquid crystals [刊1η]are one of such elegant cαre伺at加ur民es，which become 
important with the expectation of enhanced 叩"附毛珊n

physical p戸roper出tie凶s derivation from 
anisotropic order of f向'ullerene a汀ay.
Accordingly， well understanding the 
organization of fullerene in mesophase will 
be important for further design of fullerene 
scaffolds. Luminescent fullerene LC would 
be ideal for this attempt. By using probe of 
luminosity， structure-properties relationship 1.2 
of fullerene mesophase can be studied， for 
instance， stimuli-responsive action and thin 言<J.8
film properties. を

Recently， a facile deca addition [2] ~o・4
allowed yielding pseudo-D5 la (C18) and 
pseudo-C2 lb (C18) in one-pot reaction 
(Figure 1). Upon excitation at 366 nm of 
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derived from pseudo-C2 adduct. And 
pseudo-D5 adduct yielded yellow emission 
at maximum of 568 nm (Figure 1). 
Accordingly， Quantum efficiencies of FL 

Figure 1. Pseduo戸 D5la and C2 lb 
with related absorption and 
emission spectrums in cydohexane 
(excitation at 366 nm). 

in cyclohexane have been determined. 
Furthermore， with annealing sample la， LC behaviors were characterized by x-ray 
diffraction (XRD) ， polarized optical microscopy (POM) and differential scanning 
calorimetry (DSC). Therefore， by combination of anisotropic molecular alignment 
and luminescence properties， studies towards polarized photophysical properties of 
luminescent LC have been conducted. 

[1] Y-W. Zhong， Y. Matsuo， E. Nakamura，よ Am.Chem. Soc.， 129， 3052 (2007). [2] 
Y. Matsuo， K. Tahara， K. Morita， K. Matsuo， E. Nakamura， Angのv.Chem. Int. Ed.， 
46， 2844 (2007). 
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Self-assembled monolayers (SAMs) of organic molecules on metal or 
semiconductor surfaces caused much attention in the past due to their ability in 
increasing device performace or building functional surfaces with new properties. 
Fullerene penta-adducts are excellent candidates for self-assembly on gold or indium 
tin oxide (ITO) substrates due to their compact and rigid Apollo lunar landing module 

structure (Figure 1). Moreover， fullerenes have unique electrochemical and 
photophysical activates showing high electron affinity and efficient singlet四to-triplet
mtersystem crossmg. 

We report here an unusual photocurrent behavior of fullerene penta-adduct 
thiols self assembled on gold surface. Unlike in earlier studies [1] the penta-adducts 
are not connected by direct πconjugation with their five legs to the surface， but by an 
aliphatic thiol linker causing a higher barrier for electron transfer from gold to 
fullerene or vice versa. Our system of a fullerene penta-adduct SAM in aqueous 
ascorbic acid solution shows a charge storage behavior which is switchable by light 
and depends on the substrate， the fullerene -surface distance as well as electron 
sacrificer in solution. As shown in the photocurrent profile in Figure 2， an excess 

charge flow can be observed under light irradiation， which declines with time. In the 
dark state， a recharging behavior with electron flow in the opposite direction can be 
observed. 
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Figure 1: Fullerene penta-adducts self assembled on 

gold surface via thiollinker. 

Figure 2: Photocurrent profile of fullerene 
penta adduct SAM on gold in ascorbic acid 
solution. 

Reference: [1] Y. Matsuo， K. Kanaizuka， K. Matsuo， Y.-W. Zhong， T. Nakae， E. Nakamura， J. Am. 

Chem・Soc.2008，130，5016.
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The chemical modification of fullerenes has proven to be a promising approach for the 
preparation of new nanocarbon-based materialsラ providingthe oppor印nityto刷出 the
properties of these interesting materials. In order to explore new directions in metal-catalysis 
and nanocarbon chemistry， we recently initiated a program aimed at developing new 
functionalization chemistry of nanocarbons using transition metal catalysts.1 

As our initial foray into the area of nanocarbon chemistry， we developed a new 
organoboron-based functionalization of C60 catalyzed by Pd(II) complexes.

1b This reaction 
enables the introduction of various organic fragments and a hydrogen atom on the ful1erene 
surface in a highly regioselective and mono-addition selective manner. 
A notable feature of the resultant organo(hydro )fullerenes (R-C60-H) is that they possess 
ari acidic C-H bond reflecting the highly conjugated fullerene backbone. We have recently 
established that Pd catalysts enable a number of C-H bond transformations of 
organo(hydro )fullerenes by taking advantage of these highly acidic C-H bonds.2 The C-H 
bond allylation reaction can be a versatile and general method to functionalize fullerenes. 
Although the C-H bond arylation reaction is still in its infancy， the two new reactions found 
while investigating the arylation reaction are intriguing. The C-H bond dimerization reaction 
might contribute in the generation of new fullerene-assembled materials that are otherwise 
difficult to make. The C-C bond-cleaving reaction may find use in the “deprotection" of 
fullerenesラassumingan alkynyl(hydro )fullerene as a “masked" soluble fullerene. In additionラ
we discovered the multiple 
allylation of fullerene in the 
presence of Pd(II) catalyst using 
allyl chloride and allylstannnane. 
The present finding of 
multidexterous palladium catalysis 
in transforming fullerenes not only 
high1ights the potential of 
transition metal catalysis for 
fullerene functionalizationラbutalso 
unlocks opportunities for markedly 
different strategies in nanocarbon 
synthesis. 
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Fullerene C60 has been paid attention as carrier-transport rnaterial of organic field-effect 

transistors [1， 2]. Especially， C60 is expected as good electron-transport rnaterial (n-channel 
serniconductor) because thin filrns produced by vacuurn processes have electron rnobility as 

rnuch as about 1 crn
2y九 Howeverラinorder to realize low-cost production and large-area 

device， it is necessary for C60 to have solution-processable forrn such as the [6，6]-phenyl 

C61-butyric acid rnethyl ester (PCBM). Therefore， electron-transport property of C60 

derivatives rather than the original C60 is of rnuch interest and irnportance. 

In this work， electron-transport property of C60 and C6oX2 isorners (X=H， C3H6COOHラ
C4HsSH) is discussed. C6oH2 is the sirnplest C60 derivative， and -COOH and -SH groups are 

often introduced for the pu中osesof solubility and filrn-rnaking. Based on the Marcus theory， 

electron-transport property of the rnaterial is closely related to the reorganization energy (λ). 

λof C60 and C6oX2 (Fig. 1) is calculated by the density functional theory (DFT) rnethod. 
Figure 2 shows入ofC60 and C6oX2. X-addition to C60 always results in an increase in 

λ企ornC60 (ca. 130 rneY) because of segrnentation of n-conjugation of C60・ Additionallyラ

there is the large difference inλbetween structural isorners. For all three derivatives， Oa and 

1 a isorners have the srnallest and the largest入， respectivelぁsothat the values of入rnainly

depend on the position of X and not on the kind of X. This is because that difference in the 
electronic and geornetric structures of C60 part between structural isorners leads to the 

difference in λOther results and detailed analysis will be presented in the syrnposiurn. 

X=H， 
C3H6COOH， 
C4HsSH 

Fig. 1. Isomers of C6oX2. The second X is 
added to one of carbon atoms Oa-4a. 
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Fig. 2. Reorganization energies of C60 and C6oX2. 

[1] K. Tokunae:a et α1.， Jpn. J Appl. Phys.， 47， 1089 (2008); ibid， 47， 3638 (2008). 

[2] K. Tokunae:~ et al.， The 33rd (2P-14) and 34th (3P-45) Fullerene-Nanotubes General Symposiums. 

TEL: +81同92-726-4742，FAX: +81-92-726-4842， E-mail: tokunaga@rche.kyushu-u.ac.j 

-124一



2P-35 

Preparation of Self-Assembled ofα 圃D-Mannosyl

Fullerene[C601・GoldN anoparticle Films 

Shinsook Y oon 
1
ラSungHo Hwang

2
， oSung K戸1Hong2， Jeong Ho Lee

2
， 

Jung Mi KimL and Weon Bae KOL' 

_lFaculty ofLiberal Arts， Kangnam University， Yongin 449-702， South Korea 
LDepartment of Chemistry， Sahmyook University， Seoul 139-742， South Koreα 

αーD-mannosyl白llerene[C6o]-functionalizedgold nanoparticle films were self-assembled 

using the layer-by-layer method on the reactive of glass slides 白nctionlizedwith 

3-aminopropyltrimethoxysilane. The functionalized glass slides were altemately soaked in the 

solutions containing φD-mannosyl fullerene[C6o] and 4-aminothiophenoxide/hexane 

thiolate-protected gold nanoparticles.α-D-mannosyl fullerene[C6o]-functionalized gold 

nanoparticle films have grown up to 5 layers depending on the immersion time. The 

self-assembled nanoparticle films were characterized using UV-vis spectroscopy showed that 

the surface plasmon band of gold at 530 nm gradually became more evident as successive 

layers were added to the films. 

0.1 

0.08 

0.0 

0.02 

O 

400 450 500 550 600 650 700 750 800 
wavelength(nm) 

Figure. UV-vis absorption spect叩 m of the layer-by-layer assemblies of α心-mannosyl

自lllerene[C60]田goldnanoparticle multilayer films for the indicated time; +24hラ+24h，

+24h，十24hラ+24h(from bottom to top). 

[1] W. B. Ko， J. M. Yun， S. W. Jo and Y. S. Shon， Ultrasonics， 44， e363 (2006). 

[2] S. R. Isaacs， H. S. Choo， W. B. Ko and Y. S. Shon， Chem. Mater. 18，107ρ006). 
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Synthesis and Structural Characterization of Nano-Peapods Encapsulating 

Higher Fullerenes by High-Resolution TEM 

oTeguh Endah Saraswati¥ Naoki Imazu¥ Kazunori Ohashi¥ Yasuhiro Ito
1
ラ

Ryo Kitaura1 and Hisanori Shinohara1，2 

IDepartment of Chemistry， NagoyαUniversity， Nagoya 464-8602， Japan 
3 Institute for Advanced Research， Nagoya Universiりう Nagoya464-8602， Japan 

The higher乱lllerenesare not as abundant as C60 and C70・Dueto their less amounts in 
arc-processed sootラoneof the most suitable instruments for structural characterIzation can be 
done by using high-resolution transmission electron microscopy (HRTEM). Generally， 
自111erenescondense to form bulk crystals in three-dimension (3D). This becomes one of the 
constraints in fullerene observation by TEM because the observation of individual fullerene 
has been extremely difficult. However， the白llerenecan be observed nicely when they are 
encapsulated in the interior space of carbon nanotubes. Hirahara et a1. presented a HRTE乱4
study on the structural characterIzation of fullerene-encapsulating SWNTs filled with various 
kinds offullerenes including higher fullerenes up to C84 [1]. However， the suitable conditions 
especially related to the suitable diameter of CNT and the sublimation temperature of higher 
fullerenes in the peapod synthesis still need to be carefully studied for successful fabrication 
ofthe peapods encapsulating higher ful1erenes. 
Here， we perform the successful encapsulation of higher fullerenes up to C104 into 

carbon nanotubes with their structural characterization by HRTEM. The higher白llerene
samples were isolated by the multistage high performance liquid chromatography (HPLC) 
using 5PYE and 5PBB column. Laser-desorption mass spectra and UV /VisINIR absorption 
spectra were taken to confirm their sample purity (99 %). The peapod synthesis has been 
successfully done by the vapor phase reaction method already reported [2]. The TEM images 
ofpeapods were observed by using JEM-2010F electron microscopy at acceleration voltages 
of 80-120 kV Based on these studies and also compared to the simulation images， the most 
probable molecular structures of the higher fullerenes and their dynamical behavior entrapped 
in CNTs wi11 be discussed in detaiL 

figure 1. HRTEM 
lmages ~f some 
I!ano-peapods with 
ttt;. 'most probabl~ 
fullerenes propo早d
structure. A: 仁Ql<
fullerene B: Cl()() 
白llerene ~nc.apsulat詞
inside single- and 
double wall carbon 
nanotubes. 

References : 
[1] K. Hirahara， S. Bandow， 
K. Suenaga， H. Kato， T. 
Okazaki， H. Shinohara， and 
S. Iijima， Phys. Rev. B 64， 
115420-115424 (2001). 

[2] Ning， G.; Kishi，N.; Okimoto， H.; Shiraishi， M.; Kato， Y; Kitaura， R.; Sugai， T.; Aoyagi， S.; Nishibori， E.; 
SakataラM.ラ;Shinohara， H. Chem. Phys. Lett.， 441ラ94，(2007) 
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NMR Characterization of Cyanopolyynes HC7N and HC9N 

o Mao SaikawaラToshieMinematsu， and Tomonari Wakabayashi' 

Department of Chemistry， Kinki University， Higashi-Osak，α577-8502， Japan 

Carbon powder was irradiated with laser pulses in acetonitrile to produce carbon chain 

molecules. From the dark， brownish solution after laser ablation， we successfully isolated a 
submilligram-or a milligram-order of cyanopolyynes (HC7N and HC9N) and polyynes (CSH2 
and CIOH2)， through repetitive operation of concentration and separation using HPLC. For the 
NMR characterization， we took advantage of 10% enrichment in 13C isotope for the 
precursory carbon powder. The proton-decoupled 13C NMR spectra for HC7N c1early showed 
six peaks in-between 48-71 ppm for alkyne carbon and a single peak at 105.2 ppm for carbon 

in a cyno group. Figure 1 compares lH NMR spectra for the four polyynes in solutions of 

1，1ム2-tetrachloroethane-d2・Weobserved peaks at the chemical shift of2.37， 2.16， 2.34ラand
2.24 ppm for protons in HC7N， CSH2， HC9N， and CIOH2， respectively. In the poster， detailed 

assignments for the NMR peaks are presented and growth mechanism of carbon chains upon 

laser ablation in acetonitrile will be discussed. 

We are indebted to Professor Wolfgang Kratschmer (Max-Planck-Institut白rKemphysikラ
Heidelberg) for his kind donation of isotope enriched carbon powder. 
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Figure 1. 1 H NMR spectra for 

HC7N， CSH2， HC9N， and ClOH2・
A single peak is characteristic 

for each spectrum. 

Cyanopolyynes， HC7N and 

HC9N， have less shielded 

proton compared to polyynes， 

CSH2 and ClOH2・Sincewe used 

10% enriched 13C powder， 

three split pairs of peaks are 

discernible (e.g.ラseebottom 
trace). These satellites show 

splitting of ~262 ， ~51 ， or ~7 Hz 

due to coupling with a nuclear 
spin of 13C， and are associated 

with different isotopomers 

having different orders in the 

isotopes within a carbon chain. 

The split pair for the a司jacent
lH13C moiety is not very much 

reduced， implying that solvent 
molecules donate hydrogen or 

proton rather than fragments of 

hydrocarbon during the 

formation upon laser ablation 

in acetonitrile. 
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Production of Atomic Nitrogen-Doped Fullerene N⑨C60 by 

lon Bombardment 

OMasahito Kinoshita and Tornonari Wakabayashi* 

Department 01 Chemistry， Kinki University， Hig，αshi-Osak，α577-8502， Japan 

We have irnproved the production efficiency for N@C60 by precise control of deposition 
rate and by increased ion current. A schernatic view of the apparatus is shown in Fig. 1. 
Nitrogen gas was discharged in an induction coil supplied by 500 W radio-frequencies (RF). 
Positively charged ions (cations) generated in the plasrna were accelerated by a static field 

toward a rnetal rnesh on the entrance of a negatively biased cylindrical electrode. Solid C60 
(powder) was sublirned in a crucible heated up to ~420oC and the rnolecules ernanated frorn 

the crucible were deposited on inner surfaces of the electrode where the rnolecules were 

bornbarded with the cations. In order to increase the current of the cations， distance between 
an opening of the coil and the entrance of the electrode was reduced to ~4 crn. The pressure of 

the nitrogen gas was lowered down to 2.5 Pa to avoid collisions with neutral rnolecules and 

the attraction field was strengthened by increasing the bias for the electrode down to -80 V. 
The ion current achieved was rnore than 10 rnA. Typicallyラafew tens of rnilligrarns of C60 
(powder) was loaded in the crucible， then sublirned and bornbarded for an hour. 
Figure 2 shows ESR spectra ofN@C6o produced frorn a single experirnent. In addition to 
a triplet for 14N@C60，斗doubletfor isotopic 15N@C60 was clearly observed for the natural 
abundance ofO.4% for 1コN.

cooling 
water 

R
 
m
i
j
J
 

15N@C60 

22.2IMHz 

Figure 1 (above). Schematic view ofthe 
appara回sfor the production of N@C60・

14N⑧C60 

15.8 MHz ， 15.8 MHz 

Figure 2 (right). ESR spectra ofN@C60 
produced upon a single experiment with ion 

bombardment for about 1 hour. The triplet is 
a hyperfine structure with 1 = 1 of 14N@C60 
(96.6%)， while the doublet with 1 = 112 of 
15N@C60 (0.4%) 
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Computational Study on the Stone-Wales Transformation of non-IPR C60 Fullerenes 

Jun Li， Ting Ren， Xiang Zhaoキ

Institute for Chemicα1 Physics and Department of Chemistry， 

Xi 'an Jiaotong University， Xi 'an 710049， P. R. China 

Hybrid Hartree-Fock density白nctiona1theories (B3L YP) have been app1ied to study the 

Stone-Wa1es transformation[l] of non-IPR fullerenes C60 (#1809) to yie1d five C60 isomers 

with three or four adjacent pentagons (#1757， #1789ヲ#1804，#1806ラ#1807).The results show 
that the transition states (TS) and reaction pathways cou1d be identified for the rearrangement 

from C60-C2v (#1809) to the other five isomers C6o-Cs(#1757)， C60-C2 (#1789) ，C6o-Cs(#1804)ラ
C6o-C2(#1806)， C6o-C2(#1807) on the C60 potentia1 energy surface (PES)日Te found that all of 
these five transition states have C2 mo1ecu1ar point group symmetry with the two migrating 

carbon atoms remaining close to the白llerenesurface (figure 1)ラname1y，the reaction path are 

all concerted 900 rotation of a C2 unit. Another kind of possib1e TS with a carbene-1ike 

structu民 proposedby Bettinger et al. which exists in the Stone-Wa1es transformation 仕om

C60-ιto C60-C2v [2] does not exist as a stationary point with the density functiona1 

calcu1ations here. Furthermore， Our investigation of the pathway using intrinsic reaction 

coordinate computation indicate that there are no intermediate steps a10ng the Stone-Wa1es 

transformation pathway， name1y， the carbene intermediate which was found by孔1urry，et alY] 

a10ng the stepwise reaction path cou1d not be found here. 

These reaction paths are found to have nearly identica1 energy requirements. As for the 

forward reactionsラthebarriers are from 160.61 kca1/mo1 to 173.03 kca1/mo1; for the reverse 

reactionsラthebarriers are from 128.17 kca1/mo1 to 146.61 kca1/mol. The reaction barriers are 

summarized in Tab1e 1. The detai1ed ana1ysis of reaction pathway is discussed [4] as we11. 

A
Y
 

Table 1: Barriers (in kcal/mol) ofthe Stone-Wales Transformation for 

non-IPR C60 fullerenes at B3LYP/6-31G(d) Level. 

Reactant Products Ea (forward) E" (reverse) 

C6LCL1757 173.03 128.17 

C60_ C2_1789 161.55 129.18 

C60_CL1804 160.61 141.66 

C6LC2_1806 168.14 129.89 

C60_CL1807 169.74 128.81 

Figure 1. The TS Fragment for the 

reaction with two migrating carbon C60_C2V_1809 

atoms remaining close to the fullerene 

surface. 

[1] StoneラA.J.; Wa1es， D. J. Chem. Phys. Lett. 1986ラ128，501.

[2] Bettinger， H. F.; Yakobson， B. 1.; Scuseria， G. E. J. Am. Chem. Soc. 2003ラ125，5572.

[3] Mu町yラR.L.; Strout， D. L.; Odom， G. K.; ScuseriaラG.E.Nαture1993，366， 665. 

[4] Manuscript in preparation 
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Laser-merging experiments of C60-
stored in an electrostatic ion storage ring 

oH. Shiromaru1， M. Goto1， T. Kodama1
ラ
J.Matsumoto 

1， Y. Achiba 1， 
T.M勾ima2

ラ
H.Tanuma2， T. Azuma2

ラ
A.E.K.Sunden3

ラ
K.Hansen3

1 Department of Chemistry， ToかoMetropolitan University， Japan 
34DeputH101t QfPhysics，Tokyo MUtropolitGF1UF1ivenjoy，JGpm 
Department of Physics， University of Gothenburg， 41296 Gothenburg， Sweden 

An electrostatic ion storage ring (E-ring) is a powerful device for the study of large 

molecular ions since ion storage conditions are independent of the ion masses at a given beam 

energy. So far， several studies on the fullerene ions have been reported by the group of ELISA， 

the world first E-ring [1]. An E-ring constructed in Tokyo Metropolitan University， TMU 

E-ring， is the third one， of which the schematic view is shown in Fig. 1. In the present study， 

we apply laser spectroscopy combined with ion storage techniques to "hot" C60 anions under 

radiative cooling to find， or to confirm the absence of， the structural isomers (namely non-IPR 

C60)ラandto derive the cooling rate. 

The purified IPR C60 was ionized by laser desorption without cooling gases， which in 

general produces high-temperature ions. The C60-was stored in the TMU E-ringラwherethe 

intemal energy of anions was gradually dissipated by emitting IR photons. As a “fingerprint" 

of the IPR C60ラ vis/near-IRexcitation spectra were measured by detecting neutral species 

produced by photoabsorption. The detailed procedure of spectroscopic measurements is 

reported elsewhere [2]. 

The excitation spectrum of C60-is shown in Fig. 2. The broad band is naturally assigned 

to the hot IPR C60・A1thoughthe signature of the non-IPR C60-was surveyed with the aid of 

ab initio calculations， signals ofthe non-IPR C60-have not so far been identified. The radiative 

cooling rate was derived from the storage time dependence of the decay signals of 

photoexcited anions. 

Fig. 1 Schematic view ofTMU E-ring. 
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Si Doping into Densely-Aligned Carbon Nanotube Films on SiC 

T. Maruvama~， K. Yoshida2， W. N orimatsu1， M. Kusunoki 1 2 

1 Nagoya Uniνersi肌Nagoya，Japan 

2 Japan Fine Ceramics Center， Nagoya， 11αrpan 

maruyama.takehiro@e.mbox.nagoya-u.ac.jp 

Carbon nanotube (CNT) has attracted a 
great attention for various applications based 
on its speci日cproperties since its discovery. 
However， applying CNTs to nanodevices， it 
is important to control their electrical 
properties as a semiconductor. Theoretical 
calculation indicates the possibility that 
when another element is inserted into the 
CNT latticeラ CNTswould exchange its 
physical and electrical properties 

dramatical1y. [1] And some groups reported 
about characterization of doped CNTs with 

some kinds of elements. [2] 
We have reported that wel1-aligned 
CNTs are formed all over the SiC surface by 
selecting evaporation of Si atoms due to 
surface decomposition of SiC in vacuum at 
high temperature.[3] Here we report the 
results about Si-doping of the aligned CNT 
films formed by the SiC surface 
decomposition， using a conversion method 
aimed to control its electric property. 

FirstlyラCNTs230 nm long oriented on 
SiC substrates were prepared by heating 

SiC(OOO 1) surface to 1700 oc and held at the 
temperature for 0.5 h. (Fi伊lre1) These were 
located with Si02 and C powders in carbon 
crucible. The crucible was heated to 

1500-1600 oC and held at these temperatures 
for 0.5 h in vacuum around 3.0 x 10-4 Torr in 
the electronic fumace. The microstructure 
observation and EELS analysis were carried 
out using TEM (JEOL 2010-D孔1，200kV) 
and EF-TEM (tecnai 30F， 300kV). 

Figure 2 shows Si element mappings 
of the CNT films (a) before and (b) after 
heat treatment at 1500 oc by EELS. These 

results revealed that a little amount of Si 
atoms were doped into the pure CNTs 
without any change of CNT morphology. 

After trea出lentover 1515 oC， SiC single 
crystals started to grow at the CNT caps 
having orientation relationship with the 
CNT axis direction. 

References 
1. R. J. Baier1eラSolange.B. Fagan， R. 
Mota， Antonio 1. R. da Silva， A. Fazzio 
Phys. Rev. B， 64 (2001) 085413. 
2. X. H. Sun， C. P. Li， W. K. Wong， N. B. 
WongラC.S. Lee， S. T. Lee， B. K. TeoラJ.
Am. Chem. Soc.ラ124(2002) 14464. 
3. M. KusunokiラT.SuzukiラT.Hirayama 
and N. Shibata， App1. Phys.ラLett.77 
(2000) 531. 
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Fig. 1 Well-aligned CNT film on SiC(0001) 

Fig.2 Si element mappings ofthe CNT film 

(a) before and (b) after heat treatment. 
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Optical spectroscopic characterization of vertically aligned 
single-walled carbon nanotubes 

o Erik Einarsson 1， Rong Xiang1
ラ
TheerapolThurakitseree

1， ZhengyiZhang1へYoichi Murakarni 1 ，3， J unichiro Shiorni 1， Shigeo Maru yarna 1 
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3 Department of Chemical System Engineering， The UniversiかofTokyo，
Tokyo 113-8656， Japan 

Vertically aligned arrays of single-walled carbon nanotubes (SWNTs) were synthesized 

on both silicon and quartz substrates by the alcohol catalytic CVD rnethod [1，2] using a wide 

range of catalyst concentrations. The influence of the various concentrations on the produced 

SWNTs was investigated by UV-Vis寸ぜIRoptical absorption and resonance Rarnan 

spec仕oscopy.The average diarneter of the SWNTs was found to be dependent on both the 

relative and absolute catalyst arnounts， as well as the substrate rnaterial. In the case of quartz， 

excess Mo was correlated with a decrease in SWNT diarneter， but the absence of Mo typically 

resulted in no SWNT growth. On silicon (covered by an oxide layer)， srnall-diarneter SWNTs 

were obtained in the absence of Mo and for very low Co concentrations. Considering these 

findings， we investigate the role ofthe substrate in affecting the catalyst forrnation. 

The overall rnorphology of the array was also investigated using the sarne spectroscopic 

rnethods. We find that the average diarneter tends to increase during growth of vertically 

aligned SWNTs. This effect was c1ear in both optical absorption and resonance Rarnan spectra， 

where in the latter case an ultra-narrow-band Top Notch™ filter was ernployed to c1ear1y 
observe low-frequency RBM peaks. The array rnorphology and the origin of anisotropic RBM 

peaks [3] was also investigated by polarization-dependent resonance Rarnan spectroscopy. 

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

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

(2004) 298. 

[3] Y. Murakami， S. Chiashi， E. EinarssonラS.Maruyama， Phys. Rev. B 71 (2005) 085403. 
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Low Temperature Growth of Single-Walled Carbon Nanotubes 

by High Vacuum ACCVD Method 

OYohei YamamotoラHirotoOkabe， Taiki Inou久ErikEinarsson， Makoto Watanabe， 

and Shigeo Maruyama 

Department 01 Mechanical Engineering， The University 01おか0，おか0113-865改Japan

Single-walled carbon nanotubes (SWNTs) are one of the most promising materials for various 

novel applications. Current1y， the alcohol catalytic chemical vapor deposition (ACCVD) method [1] is 
widely used to obtain high quality SWNTs such as vertically aligned SWNT films with small amounts of 

defects and impurities [2]. Recent1y， Shiokawa et al. [3] reported that SWNTs were grown at low 
temperature (~550 OC) and at low pressure ofless than 0.1 Pa using the ACCVD method. Such CVD 
conditions are considered to be advantageous for growing small-diameter SWNTs with well controlled 

growth speedラ whichwould give us valuable insights toward the control of SWNT chiralities. The 

pu中oseof present study is to c1arify the growth mechanism of SWNTs through investigating SWNTs 
grown under wel1-defined high-vacuum environment. 
Specifically， we have developed a high-vacuum CVD system that allows us to control the 

feedstock gas pressure as well as the reaction temperature accurately. We successfully synthesized 

SWNTs under various temperatures and pressures， and analyzed the obtained samples by resonant 
Raman spectroscopy (Fig. 1). From this， we found that the optimum synthesis tempera四redecreases as 
the ethanol vapor pressure decreases. We characterized thereby synthesized SWNTs by TEM (Fig. 2)， 
SEM and AFM， showing that SWNTs with small diameter are preferably synthesized by the proposed 
approach that utilizes the low pressure and high vacuum conditions. 
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Fig.l Raman spectra of SWNTs grown at different ethanol vapor pressures of (a) 
10， (b) 1， (c) lxl0ーと (d) 1 x 10-3 Pa. The CVD temperature is shown for each 
spectrum. The excitation wavelength was 488 nm. 

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

[2] Y MurakamiラS.Chiashi， Y. Miyauchi， M. Hu， M. Ogura， T. Okubo， S. Maruyama， Chem. Phys. Lett.ラ385(2004) 298. 

[3] T. Shiokawa， P. H. Zhang， M. Suzuki， K. Ishibashi， Jpn. J. Appl. Phys.， 45 (2006) L605. 
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Selective Isolation of (6，5) Carbon Nanotubes by Density Gradient 
Ultracentrifugation 

。PeiZhao1， Yoichi Murakami1ぺROIlgXianglラErikEinarsson1ラJunichiroShiomi 1， 
Shigeo Maruyama 1 

21 D々partment01 Mechanical Engineering， The Universiかザおわ/0
Department 01 Chemical砂'stemEngineering， The Universiか01おかo

We present a protocol to selectively isolate single-walled carbon nanotubes (S¥¥弓.JTs)
with a chirality of (6，5) using density gradient ultracentri白gation(DGU)[ll. Starting with 
SWNTs synthesized by the alcohol catalytic chemical vapor deposition (ACCVD) method， we 
used sodium deoxycholate (DOC)ラsodiumdodecyl su1fate (SDS) and sodium cholate (SC) as 
co-sur白ctantencapsulating age凶S[21to sep訂ate(6，5) SWNTs. The optical absorbance spectra 
and photoluminescence excitation (PLE) map (Fig. 1) show that the resulting sample 
contained a high relative purity of (6ラ5)SWNTs， but other chiralities were still present at low 
concentrations. After this initial separation， we refined the selectivity by iteration using the 
same DGU conditions. Evaluation by PLE showed an increasing concentration of (6，5) 
S¥¥刊Tsa丘ereach iteration. The白lal(rightmost) PLE map shown in Fig. 1， showing 
isolation of (6，5) SWNTs， was obtained after three iterations. This illustrates the potential for 
complete isolation by DGU， and we believe that by further refinement of this process similar 
results can be obtained in a single step. 
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Figure 1: Optical absorbance spectra (left) and photoluminescence excitation maps (right) showing selective 
iso1ation of (6，5) SWNTs by iterated density gradient ul甘acentrifugationof ACCVD Sv.尽Hs.

[1] M. Arnold， A. Green， J. Hulvat， Stupp and M. Hersam. Nat. Nanotechnol. 1，60 (2006) 
[2] K.Yanagi， Y. Miyata and H.Kataura， Appl. Phys. Express 1， 034003 (2008) 

Corresponding Author: Shigeo Maruyama 
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Laser Fluence Effect on the Chirality Characteristics of Individually 

Dispersed Single-walled Carbon Nanotube in Aqueous Solution with Pulsed 

OPO Laser Irradiation 

oIsamu T勾ima，Akira Kumazaw丸KatsumiUchida， Tadahiro Ishii， and Hirofumi Yajima* 

Department of Applied Chemistry， Faculty of Science， Tokyo UniversiかofScience
12-1 Funαgαwara-machi， Shinjyuku-ku，日付o162-0826， Japan 

In the previous reports， we have proposed a new selective separation method for 
metallic (m-) and semiconducting (s-) single-walled carbon nanotubes (SWNTs) with 
nanosecond pulsed optical parametric oscillator (OPO) laser， choosing adequate excitation 
wavelength for the resonance absorption of individually dispersed SWNTs-NaDDBS 
(dodecylbenzensulfonic acid sodium salt) solutions. As a result with high fluence OPO laser， 
choosing laser wavelength corresponding to typical absorption peaks in m-SWNTs first 
transition region (M1l)ラands-SWNTs first and second transition band regions (S22ラSl1)ラ
respectively， the following findings and suggestion were obtained企omthe spectroscopic 
studies with UV-vis-NIR absorption and resonance Raman scattering spectra， and the 
structural studies with DLS and AFM: (1) The laser irradiation in M11 region gave rise to the 
bleaching ofthe m-and s-SWNTs， accompanied by a large structural collapse. On the other 
handラthelaser irradiation in S 11 regionラinparticular S22 regionラresultedin the removal of 
s-S¥¥明Tsas wel1 as the M11 laser irradiation， but the peaks in the Ml1 region remained 
unchanged; (2) The efficiencies of the laser irradiation at either side wavelength (485 or 533 
nm in M11 region and 690 or 768 nm in S22 region) for the chiral peak (510nm in Ml1 region 
and 730nm in S22 region) were greater than th剖 atthe main chiral peak; (3) Two species of 
contributions品renergy migration processes， that isラphoto-relaxationand thermal-relaxation 
are multiply involved in the energy conversion for the SWNTs exited with the laser irradiation. 
In the S22 irradiationぅthephoto-relaxation (photoluminescence) process is predominated for 
the resonance excitation of a chiral SWNT， whereas the thermal-relaxation process is 
predominated for the excitation at the wavelengths deviated 企omthe chiral peak， 
accompanied by the col1apse of SWNTs due to huge temperature rise. On the other hand， the 
collapse of SWNTs induced by the M11 irradiation would be concerned with the 
thermal-relaxation process through n-plasmon absorption， regardless of excitation 
wavelengths. Consequently， the laser irradiation in S22 region is suggested to be involved in 
the activation and excitation of merely the s-SWNTsラ andto bring about the destabilization 
and/or destruction ofthe dispersed s-SWNTs through photo-thermal conversion process. 
In order to gai 

*Corresponding Author: Hirofumi Yajima 
TEL:十81帽子5228-8705，FAX: +81ふ5261-4631，E-mai1: yajima@rs.kagu.tus.ac.jp 
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Low-temperature growth of carbon nanotubes from acetylene 

Takashi Shirai1 and Suguru Noda1，* 

1 Dept. of Chemical System Engineering， The University ofあわ叫おか0113-865丘Japan

Low-temperature growth of carbon nanotubes (CNTs) on substrates is important to 

rea1ize direct imp1ementation of CNT devices such as CNT-interconnects [1]. Previous studies 

including chemica1 vapor deposition (CVD) assisted either by p1asma or hot-wire imp1y that 

C2H2 is the key precursor. We performed a parametric study of CNT growth from C2H2 for a 

range of C2H2 pressures and growth temperatures. 

Cata1ysts were prepared by sputter-deposition of 1.0-nm-Co/ 5-nm-TiN [1] on 

Si02/Si substrate followed by therma1 annealing at 800 oC for 10 min under a H2 flow at 10 

mTorr. CNTs were grown in a tubu1ar hot-wall CVD reactor by flowing a C2H2/Ar flow at a 

constant tota1 pressure of 10 To汀.C2H2 partia1 pressure ranged between 1-100 mTorr and 

tempera印reranged between 400-600 oC. Figure 1 shows the CNT growth curves at 550 oC. 

At 10w C2H2 pressures of 1 and 10 mTorr， CNT grew at a constant growth rate， while at 
higher pressures of 40 and 80 mTo叱 CNTgrowth rate showed an exponentia1 decay [2]. 

Figure 2 showed CNT morpho10gies at 550 oC. At a 10w C2H2 pressure of 10 mTo民 CNTs

were straight and vertically aligned， whi1e at a high pressure of 80 mTorr， CNTs grew 

random1y. Excess C2H2 feeding caused cata1yst deactivation， and decreased number density of 

growing CNTs resulted in random1y oriented growth. 

To grow CNT vertically and straightly at a 10w temperature， C2H2 pressure shou1d be 

kept be10w a certain 1eve1 such that the incorporation rate of C2H2 into cata1yst does not 

exceed the segregation rate of CNTs from cata1yst. Growth windowラi.e.C2H2 partia1 pressure 

vs. temperature， will be presented. 
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Fig. 1 CNT growth curves at 550 oC， 
10 Torr with different C2H2 pressures. 

Fig. 2 Cross-sectiona1 SEM images showing CNT 
morpho10gies grown at C2H2 pressures of (a) 10 
mTorr and (b) 80 mTorr for 30 min. 

[1] S. Sato， et al.， Chem. Phys. Lett. 402， 149 (2005). 

[2] S. Maruyama， et a1吋 Chem.Phys. Lett. 403ラ320(2005). 

*Corresponding Author: Suguru N oda 
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Progress in Separation of Metallic and Semiconducting Carbon Nanotubes 

Using Agarose Gel 

OTakeshi Tanaka1， Hehua Jin1， Yasumitsu Miyata1， Shunjiro Fujii1， Hiroshi Suga1， 

Yasuhisa Naitoh'， Takeo勘1inari1，Tetsuhiko Miyadera1 ， Kazuhito Tsukagoshi1， 

and Hiromichi Kataura' ，2 

INanotechnology Research lnstitute， Nationallnstitute 01 Advanced lndustrial Science and 
Technology(AIST)， Tsukuba，lbaraki305・8562，J，αrpan 

2 JST， CREST， Ka下llaguchi，Saitama， 332-0012， Japan 

Single wall carbon nanotubes (SWCNTs) have attracted a great deal of attention towards 

versatile applications， especially in the field of electronics， such as field effect transistor 

(FET). However， as-produced SWCNTs always contain both metallic and semiconducting 

SWCNTs， which is one of the most crucial problems preventing useful application of 

SWCNTs. Previously， we reported novel sep町ationmethods of metallic and semiconducting 

SWCNTs using agarose gel with electric field (gel electrophoresis) 1 and without electric field2
• 

In this presentation， we report our recent progress in the separation using agarose gel. 

Raman spectroscopic analysis was performed with pristine and separated HiPco 

SWCNTs (Fig. 1). From the Raman data， the metallic/semiconducting (MS) separation was 

reconfirmed. When sodium tetradecyl sulfate was used in place of sodium dodecyl sulfate 

(SDS)， the MS separation was observed to 

some extent. The performance of FETs made 

with separated semiconducting SWCNTs was 

much better than that of unseparated SWCNTs， 

namely， most of the semiconducting devices 

(94%) displayed a high onloff ratio of more 

than 104， while all of the unseparated devices 

displayed less on/off ratio than 104
• We will 

also report the MS separation of Co孔10CAT

SWCNTs. This study was supported by the 

industrial technology research grant program of 

the New Energy and Industrial Technology 

Development Organization (NEDO) of Japan. 
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Fig. 1. Raman spectra of (i) pristine， (ii) 

semiconductor-enriched， and (iii) metal-enriched 

HiPco samples at 633 nm laser excitation. The 
spectra were shifted vertically for clarity. 

[1] T. Tanaka et al.， Appl. Phys. Express 2008， 1， 114001. 

[2] T. Tanaka et al.， The 35th Fullerene-Nanotubes General Symposium， 2008， 2-4 (p53). 
Corresponding Author: T. Tanaka 
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Influence of Laser Power on the Formation of S羽TNTsby Laser Ablation 

o Masaomi Teshiba and Tomonari Wakabayashi* 

Department 01 Chemist.ηl， Kinki Uniνersiか~ Higashi-Osaka 577-8502， Japan 

Laser ablation is known for one of the methods for producing single-wallcarbon 
nanotubes (SWNTs). It has advantageous features not only for high purity but also for 
diameter control for as-grown SWNTs [1]. The process in laser ablation can be controlled by 
experimental parameters such as temperature of the fumace， pressure and flow rate of the 
carrier gas， and so on. In this work， we studied influence of the laser power on the purity for 
as-grown samples by focusing on the issues for avoiding formation of undesired amorphous 
carbon that covers the surface of SWNTs. 

A pellet of Metallcarbon composite 
(Ni/Co/C or Rh/Pt/C) was ablated by 
laser pulses (Nd:YAG 1064 nm， 5 ns， 10 
Hz) in an argon gas flow under constant 
pressure of 70 kPa and elevated fumace 
temperature of 1100oC. Samples were 
prepared under different conditions for 
the laser power in a range of 150-・900
mJ/pulse (0.2-1.2 GW/cm2) and then 
characterized by Raman spectroscopy 
and by field-emission scanning electron 
microscopy (FE-SEM). As the laser 
power increased， diameter distribution is 
broadened as revealed by RBM pattems 
in the Raman spectra (Fig. 1). The 
FE-SEM images showed that the amount 
of carbon particles increased relatively 
to that of SWNTs， especially for those 
prepared under the higher laser-power 
conditions. In the posterラwewill discuss 
on the mechanism for laser ablation 
under the experimental conditions. 

[1] H. Kataura， Y. Kumazawa， Y. Maniwa， Y. 
Ohtsuka， R. Sen， S. Suzuki， Y. Achibaラ
Carbon 38， 1691 (2000). 

Corresponding Author: Tomonari Wakabayashi 
E-mail: wakaba⑧chem.kindai.ac.jp 
Tel. 06-6730-5880 (ex. 4101) / FAX 06-6723-2721 
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Figure 1. Laser power dependence in the Raman 
spec回 (excitationat 532 nm， ~90 mW) for SWNTs 

produced by laser ablation (catalyst Ni/Co， fumace 
temperature 1100oC， ablation by Nd:YAG 1064 nm). 
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Synthesis of Thin Carbon Nanocoils 

by Fe-Sn Catalyst Supported on Zeolite 

OM. Yokota
1
ラY.Suda¥ S. Oke

1， H. Takikawa1， Y. Fujimura2 

T. Yamaura2， S. Itoh2
ラ
H.Ue3， M. Morioki4 

1 Department of Electrical and Electronic Engineering， Toyohαshi University ofTechnology 
~ Research and Development Center， Futaba Corporation. 

43FHji ReseGrch Laborαtoり1，To此aiCarbon Co.， Ltd. 
Fundamental Reseαrch Department， Toho Gas Co・，Ltd. 

Carbon nanocoi1 (CNC) is a material of carbon fiber with he1ical shape. CNCs are 
synthesized by chemical vapor deposition using a composite catalyst， Fe-Sn. Fig. 1(a) shows 
CNC synthesized using the composite catalyst， which was made from Fe micro partic1es 
mixed in Sn solution. The CNC coil diameters were about 0.5-1.0μm. It was reported that a 
coi1 diameter was proportional to the catalyst partic1e size [1]. In this study， Catalyst metals 
were supported on zeolite to obtain smaller partic1es. The catalyst was prepared by the 
solution of Fe and Sn pure powder dissolved in hydrochloric acid with zeo1ite. While the 
solution was dried in an electrical fumace， the composite metal was supported on zeolite 
surface. The catalyst on zeolite was placed on a quartz boat at the center of a quartz-made 

reaction tube. The reaction temperatureラthegas flow rates of nitrogen as a di1ution gas and 
acetylene as a source gasラandthe reaction time were 7000Cラ1000sccm， 50 sccm， and 10 min， 
respectively. CNCs synthesized with zeolite were shown in Fig. 1(b). The CNC coil diameters 

were about 40-80 nm. The coi1 diameter was thinner on a scale of about one to ten than 
before. 
This work has been partly supported by the Outstanding Research Project of the Research Center for 
Future Technology， Toyohashi University of Technology (TUT); the Research Project of the Venture 
Business Laboratory(TUT); Global COE Program "Frontiers of Intelligent Sensing"企omthe Ministry of 
Education， Cultureラ Sports，Science and Technology (MEXT); The Japan Society for the Promotion of 
Science (JSPS)， Core University Programs (JSPS-KOSEF program in the field of "R&D of Advanced 
Serniconductor"; JSPS・CASprogram in the field of "Plasma and Nuclear Fusion"); and Grant-in-Aid for 
Scientific Research from the MEXT 

Fig. 1. SEM images of CNCs grown from Fe-Sn catalyst. The catalyst was made from 

(a) Fe micro particle with Sn solution and (b) Fe and Sn powder dissolved in HCl with zeolite. 

Reference [1] S. Hokushin， L. Pan and Y. Nakayama: Jpn. J. Appl. Phys. 46 (2007) 5383 
Corresponding Author: Yoshiyuki Suda 

E-mail: suda@eee.tut.ac.jp， Tel: +81-532-44・6726
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Chirality Selective Separation for Single-walled Carbon Nanotube 

with Density Gradient Ultracentrifugation 

Yoshiya Kaminosono， Katsumi Uchida， Tadahiro Ishii， and Hirofumi Yajima* 

Department 01 Applied Chemistry， F aculty 01 Science，おかoUniversity 01 Science 
12-1 Funagawara-machi， Shinjyuku-ku， Toかo162-0826， Japan 

Chirality separations for single-walled carbon nanotubes (SWNTs) have attracted a 

great deal of attention for their practical and advanced applications. We have attempted the 

development of chirality selective separations method with density gradient 

u1tracentrifugation (DGU). In the present studyヲtheindividually dispersed HiPco SWNTs in 

only carboxymethylcellulose (CMC) solution or the mixed solution of CMC and 

sodiumdodecylsulfate (SDS) was prepared by u1trasonication treatment for 180 min in an ice 

bath at about 20 W power， following u1tracentrifugation treatment at 163ラ000g for 1h. In 

DGU experiments， the density gradient (d=1~ 1.4) was prepared by adding 60 % iodixanol to 

20 mM  tris (hydroxyl methyl) aminomethane buffer solution， following u1tracentrifugation 

treatment at 175，000 g. Optical measurements revealed that semiconducting SWNTs was 

concentrated in the SDS and CMC mixed systems， whereas metallic SWNTs was 

concentrated in the CMC systems. This method is expected to be promising for the chirality 

selective separations. 

Correspondi時 Author:Hirofumi Yajima 

TEL: +81-3-3260-4272( ext.5760)， FAX:十81-3-5261-4631，E-mail: yaiimaiaJ，rs.kagu. tus.ac. io 
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Effect ofWater Vapor on Structure of Single-Walled Carbon Nanotubes 

ONaoki Yoshihara，l Hiroki AgO，*，l幻 andMasaharu Ts可i1，2

1 Graduate School ofEngineering Sciences， Kyushu University， Fukuoka 816-858仇Japan

"-Institute for Materials Chemistry and Engineering， Kyushu University， Japan 
3 PRESTO-JST， Japan 

Water-assisted chemical vapor deposition (CVD)， called super-growth， has attracted a 

great interest as a high yield growth method of single-walled carbon nanotubes (S¥¥弓.JTs)[1]. 

We studied chemistry of water-assisted SWNT growth over Fe/MgO catalyst and found that 

water vapor removed amorphous carbon primary based on chemical reaction， C + H20→ 

CO + H2 [2]. We also found that the introduction of water vapor extends the catalyst 
lifetime but does not alter activation energy for the nanotube growth [2]. 

Effect of water vapor on the SWNT structure is also interesting. The water vapor 

introduced in chemical vapor deposition (CVD) may preferentially oxidize small-diameter 

SWNTs， because they are energetically less stable than large-diameter nanotubes. Here， we 

investigated the effect of water vapor on the diameter and chirality of SWNTs grown over the 

Fe/MgO catalyst by using Raman and photoluminescence (PL) spectroscopies. 

Figure 1 compares the RBM spectra of nanotubes， which indicate effect of water vapor. 

We synthesized SWNTs at 750 oC under a mixed flow of 

ex. = 514.5 nml CH4 (20%) and Ar with 350 ccm. The water vapor was 
introduced by passing 1 ccm of Ar gas through water vesse1. 

Interestingly， we found that the SWNTs grown by 

water-assisted CVD (Fig. 1 b) showed a narrower diameter 

distribution than those grown without water vapor (Fig. la). 

The SWNTs with small diameter (< 1 nm) were 

preferentially formed by the water-assisted CVD. 

Post-synthesis heat-treatment with water vapor for the 

SWNTs grown by water-free CVD resulted in selective 

oxidation of small-diameter S¥¥市JTs(Fig. 1 c). 

It is likely that the observed effect of water vapor during 

CVD on the SWNT diameter (Fig. 1 b) reflects the change in 

distribution of catalyst partic1e size. This might be related 

with suppression of thermal aggregation of the metal 

catalyst reported very recent1y [3]. We wi11 also show 

difference observed for the PL from the SWNTs grown by 
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Dip-pen nanolithography for CNTs patterning 

oNaoko Kayumi1， Tsuyohiko Fujigaya1 and Naotoshi Nakashima1，2 

1 Department 01 Applied Chemistry， Graduate School 01 Engineering， Kyushu Universiのう

Fukuoka 819-0395， Japan 

2 JST-CREST， 5 Sanbancho， Chiyoda-ku，おか0102-0075，，J;αrpan 

Carbon nanotubes (CNTs) have remarkab1e properties such as high electric conductivity， 

therma1 conductivity and mechanica1 strength. The e1ectric properties of CNTs， ranging from 

semiconducting to metallic， make them excellent candidate materia1s for nove1 nanoe1ectronic 

devices. However， the 1arge difficulty in positioning of CNTs on Si substrate hinders the 

deve10pment of CNTs nanoe1ectronic circuit. 

Dip-pen nano1ithography (DPN， Fig. 1) is a versati1e and power白1too1 to transport 

materia1s to a substrate with high reso1ution as well as positiona1 selectivity using an 

“ink"-coated atomic force microscope (AFM) tip [1]. 

In this studyラweutilize this technique to position CNTs cata1yst on desired position and 

size， where the meta1 salt was used as an ink for CNTs fabrication. Fig. 2 shows AFM image 

of pattem of Co-acetate (II) 4H20 generated by DPN (deposition time: 10 s， 23.2
0

C号

54 %RH). CNTs growth was carried out by alcoho1 cata1ytic chemica1 vapor deposition 

(ACCVD) method. 

Water 

Substrate 

Fig.l Schematic image ofDPN. 

Pattern 

Fig. 2 AFM image of the Co ( II ) 
pattem generated by DPN. 

[IJ R. D. Piner， J. Zhu， F. Xu， S. HongヲC.A.孔1irkinラScienceラ283ラ661(1999). 
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TiC formation for metal contact with carbon composite structures 
consisting of nanotubes and graphene multi-layers 

oDaiyu Kondo1， Shintaro Sato1， Mizuhisa Nihei1， Eiji Ikenaga2， Masaaki Kobata2， 
Jung Jin Kim2， Keisuke Kobayashi2 and Yuji Awano1 

lNanotechnology Research Center， Fujitsu Laboratories Ltd.， 10-1 Morinosato-Wa)切niya，
Atsugi 243-019スJapαn

2Japan砂nchrotronRadiation Research Institute/SPring-8， 1-1-1 Kouto Sayo戸choSayo-gun， 

Hyogo 679-5198， Japan 

previously reported on a novel carbon structure composed of graphene 

multi-layers and aligned multi-walled carbon nanotubes (M¥¥明Ts)[1]， which is c1ear1y 

different from usual vertically-aligned M¥¥明Ts[2]. This unique structure has graphene 

multi-layers spontaneously formed on the top of aligned MWNTs. To apply the composite to 

electronic devices， it is important to realize good electrical and thermal contact between the 

composite and the metal electrodes. In this 

We 

work， we have investigated the electronic 

structures ofthe interface between the composite and the metal electrodes by using hard x-ray 

photoemission spectroscopy (PES). The PES measurements were performed at the BL47XU 

in the SPring-8. 

The composite was obtained by chemical vapor deposition (CVD). As the carbon 

source， a mixture of acetylene and argon gases was introduced into the CVD chamber. The 

substrate temperature was 510 oc. Details of the CVD process were shown elsewhere [1]. 
Figure 1 shows C 1s core level spectra of (a) the composite and (b) the composite with the 

metal electrodes (Ti films) by hard x-ray PES. The PES spectra indicate that the titanium 

carbide (TiC) was formed at the interface， although the Ti film was partly oxidized. On the 

other handラtheTi film with the usual MWNTs was mostly oxidized (not shown). Taking into 

account the fact that TiC is known to form ohmic contact with nanotubesラtheresult indicates 
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that the composite has better electrical contact with the 

metal electrodes. We believe that the better contact is 

of the mainly caused by the f1atness of the top 

composite structure. The details will be discussed in the 

(a) 

2 0 -2 ・4

Relative Binding Energy (eV) 

Figure 1 C Is core level spectra 
of (a) the composite and (b) the 
composite with Ti films. 

presentation. The authors thank Dr. N. Yokoyama， 

Fellow of Fujitsu Laboratories Ltd. for his support and 

useful suggestions. 

[1] D. Kondo et al.， APEX 1 (2008) 074073. 
[2] S. Sato et al.， Chem. Phys. Lett. 402 (2005) 149. 
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Theoretical Study on the Growth of Single Walled Carbon N anotube (SWNT) 

Jingshuang Dang， Weiwei Wang， Xiang Zhao* 

Institute for Chemical Physics and Depar仰 entof Chemist恥

Xi'an Jiaotong University， Xi'an 710049， P. R. China 

The growth of armchair and zigzag SWNTs has been studied by PM3 quantum chemical 

method， with “H-closing" method in order to eliminate the boundary effect on one side of the 

structure. Taking (6， 6) S¥¥明Ts出 ata培etmodelラthechanging of the bond length between the C2 

group and the structure have been studied to simulate the departure process of C2 group from the 

hexagon， which is the inverse process of C2 addition process. 

According to the potential energy data in each period of C2 departure process， with仕le

increase of the bond length between the C2 group and the structure， a stable pentagon intermediate 

is formed in the reaction path. It shows that during the process of C2 departure， the two C-C bonds 

don't break simultaneously but with one bond breaking at first and forming a pentagon 

intermediate. So the C2 addition process of SWNTs should be recognized as follows: as C2 group 

getting close to the molecule from infinity， first a relatively stable pentagon int巴rmediateis formed， 

and then a stable hexagon. Supposing a layer of pentagons are formed， the spatial configuration of 

SWNTs will bend to finish the capping process of SWNTs. 

The change ofpotential energy during the separation of a hexagon of growing (9， 0) SWNTs 

was also studied. Our results show that the formation of hexagon pair needs a pentagon-heptagon 

pair as an intermediate and a decagon as TS. So an assumption is put forward: as for a (n，O) 

S¥¥尽Hs，if n is even， pentagons are formed by the addition of C2 at first， and then heptagons are 

generated between two a司jacentpentagons by C2 addition. Pentagon-heptagon pairs rearrange and 

generate hexagon pairs. And if n is odd， pentagon-heptagon pairs are produced continuously at 

first， but as lack of dangling bonds， the last pentagon-heptagon pairs will add C2 at the side of the 

first pentagon and generate a hexagon. Finally the last heptagon is formed by means of C2 addition 

between the pentagon and hexagon. The detailed discussion will be presented， too. 

Fig.l The proc田sof C2 addition of armchair (upper) and zigzag (nether) SWNTs 

Fig.2 The C2 addition and rearra時ementof (n，O) SWNTs when n is even (upper) or odd (nether) 

Corresponding author: X. Zhao， 

Email: xzhao⑨mail.xjtu.edu.cs; Fax: +86・29・82668559
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Aoalysis of Fe Catalyst Behavior 00 Al/Si02/Si Substrate for CNT Growth 

U siog Mossbauer Spectroscopy 

Hisayoshi Oshima 1， Tomohiro Shimazu 1， Milan Siryl and Ko Mibu2 

lResearch Laboratories， DENSO CORPORATION 
500-1 Minamiyama， Komenoki， Nisshin-shi， Aichi 470-0111， .ft.αrpan 
.; Graduate School of Engineering， NagoyαInstitute ofTechnology 

Showα-ku， Nagoya 466-8555， Japan 

Use of aluminum or alumina for a catalyst embedding layer and addition of water vapor in 
chemical vapor deposition (CVD) ambient are an excellent method to obtain long vertical 
aligned carbon nanotube (CNT) films.[I] However， there are few reports describing 
interactions between aluminum and catalysts.[2] One of the reasons is a difficulty to detect 
catalyst signals using standard analytical instruments such as XPS， because catalysts are 
covered with CNT and/ or carbon. 
In this study， we employed conversion electron 
Mossbauer spectroscopy [3] for an analysis of Fe 
chemical states from deposition of F e to the end of CNT 
growth. The detection depth of Mossbauer spectroscopy 
is about 10 times deeper than XPS. 
Sample~ for the investigation were prepared as follows. 
Al and J/Fe were deposited on a thermally oxidizedSi 
substrate by an evaporator. Film thickness of Al and 57Fe 
were 15 nm and 5 nm， respectively. CNTs were grown at 
1113 K under C2H4 gas flow with an addition of H2 and 
water vapo工 Heattreatment of a substrate was also 
performed using the growth tube at 1113 K under 
atmospheric pressure of flowing Ar gas for 5 min. 

As-deposited 57Fe was identified as α-Fe (Fig.1a). 

After annealing，α-Fe peaks became very weak and non-
magnetic phase appeared (Fig.l b). However，α-Fe peaks 
came back with Fe3C peaks after CNT growth (Fig.lc-d). 
This strange behavior of Fe could be explained by 
considering the results of SEM observation (not shown). 
Fe once reacts with Al to form non-magnetic Fe-Al alloy 
at the heating up stage， and then F e segregates on the 
surface and at the Ah03/Si02 interface during a Fig.l Mossbauer spectra of 57Fe， 
formation of Ah03 by the oxidation of Al and (a); as-deposited on an A1/Si02/Si 
Fe-Al alloy in hydrogen and water vapor mixture substrate， (b); heat treated at CVD 
gases. Fe on the surface would act as CNT growth temperature in Ar， (c); CNT growth for 3 
catalysts and that at the interface would stayed min， (d); CNT growth for 60 min. 

passively as α-Fe. (+);α-Fe， (0);Fe3C， (ー);Fe-Alalloy. 
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Diameter control of single-walled carbon nanotubes 

grown by diffusion plasma CVD 

oS. Kuroda， T. Kato， T. Kaneko， and R. Hatakeyama 

Department of Electronic Engineering， Tohoku University， Sendai 980-8579， Japan 

Single-walled carbon nanotubes (SWNTs) are nano carbon materials each consisting of 

a single graphene sheet. Since they have great and unique electrical properties， a carbon 

nanotube field effect transistor (CNT-FET) is expected to be a critical component of 

next-generation nano electronic devices. In order to realize the practical use of the CNT-FET， 

howeverラ itis an inevitable issue to precisely control SWNT structures including tube 

diameter， length， chirality， alignment， and so on. Based on this back ground， we investigate 

effects of several parameters such as radio frequency (RF; 13.56 MHz) power and gas 

pressure on the chirality and diameter distribusion of SWNTs with diffusion plasma CVD [1]. 

The mixture of methane and hydrogen gas is used as a carbon source. The pressure range and 

the RF power are varied from 20 Pa to 800 Pa and 企om40 W to 300 Wラ respectively.The 

SWNTs production is carried out on a Fe 0.3 nm IAb03 20 nm IAg substrate that is heated 

and set underneath a lower discharge-electrode called an anode. The chirality distribution of 

as-grown SWNTs is analyzed with photoluminescence (PL) spectroscopy [2]. Figure 1 

illustrates the photoluminescence-excitation (PLE) map of SWNTs produced by the diffusion 

plasma CVD method as a function of RF power. The results show that the small diameter 

SWNTs tend to increase with an increase in the RF power. This fact indicates that it might be 

possible to control the chirality or diameter distribution of SWNTs by precisely adjusting the 

plasma parameters. 
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Fig. 1: PLE map ofas-grown SWNTs. (a) 80 W， (b) 200 W， (c) 300 W. 

[1] T. Kato and R. HatakeyamaラAppl.Phys. Lett. 92， 031502 (2008). 

[2] T. Kato and R. Hatakeyama， J. Am. Chem. Soc. 130，8101 (2008). 
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Comparison of thermal and plasma CVD for the growth of single-walled 
carbon nanotubes from nonmagnetic nanoparticles 

o Z. Ghorannevis， T. KatoラT.Kaneko， and R. Hatakeyama 

Department 01 Electricα1 Engineering， Tohoku University， Sendai 980-8579， Japαn 

The unique properties of single-walled carbon nanotubes (SWNTs) have motivated intense 

researches in the fabrication of electronic components， field emission sources， and hydrogen storage 

devices. Certain carbon nanotube (CNT) applications require specific dimensions and different 

levels of homogeneity (e.g. diameter， length， reactivityラcrystallity，p田i.tyラandchirality). Since the 

composition and morphology of catalyst nanoparticles are critical in determining the structure， 

length， and yield of nano加besラdi旺erentmethods and catalysts include the superior possibility for 

血edetailed structure control of CNTs. Upωnow， them司orityof works reporting CNTs s戸地eSls

focused on1y on iron family catalysts such as Fe， Co， and Ni. Recently it has been reported由at

nonmagnetic catalysts also play a significant role in the growth of SWNTs with thermal chemical 

vapor deposition (TCVD) [1]. This indicates that further dωiled adjustrnents of S¥¥刊Tstructures 

might be possible with the combination of various grow由methodsand such novel catalysts. 

We have demonstrated the growth of CNTs from nonmagnetic catalysts such as Au， Ag， and Pt 

with di旺erenttwo chemical vapor deposition (CVD) methods. In the case of TCVD， high quality 

SWNTs can be grown企omvarious kinds of nonmagnetic catalysts. On the other hand， plasma 

chemical vapor deposition (PCVD) [2・4]can realize on1y poorly crystallized multi-walled CNT 

grow由.百1foughthe systematic investigation of hydrogen e除 ctson the growth of CNTs with 

TCVD， it is found that the ωalytic activity of nonmagnetic catalyst is fairly sensitive to hydrogen 

atoms and molecules. Slight addition ofhydrogen gas causes a significant decrease in the amount of 

SWNTs. On the other hand， the hydrogen plays a positive role in吐legrowth of SWNTs with the 

magnetic catalysts. In general， the surface c1eaning by etching out hydrocarbons is known as a 

major role of hydrogen in the growth of CNTs. The adsorption ability of hydrocarbons in 

nonmagnetic partic1es is also known to be fairly low compared with that of magnetic catalyst. These 

two facts can explain the difference of hydrogen effect between the magnetic and nonmagnetic 

ca阻lysts，i.e. positive and negative etching e島cts，for the grow社1of SWNTs， respectively. 

[1] D. T御息Y.Homma， H. Hibino， S. S田 u札andY. KobayashiラNanoLett.リ 6，2642 (2006). 

[2] T. Kato， G-H. Jeong， T. Hirata， R. Hatakeyama， K. Tohji， and K.恥1otomiya，Chem. Phys. Lett.， 381， 422 (2003). 

(3] T. Kato， R. Hatakeyam弘andK. Tohji， NiωlOtechnol.， 17，2223 (2∞6). 
[4] T. Kato and R. Hatakeyama， Appl. Phys. Lett.， 92 ， 031502ο008). 
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Effect of Al Oxide Buffer Layer 00 SWNT Growth 
at Low Temperature in Alcohol Gas Source Method in High Vacuum 

o Yoshihiro Mizutani， Kuninori Satoラ
*Takahiro Maruyarna and Shigeya Naritsuka 

Dψαrtment 01 Materials Science and Engineering， Meij・oUniversity， 
1-501 Shiogamaguchi， Tempαku， Nagoya 468-8502， Japan 

Carbon nanotubes (CNTs) have been anticipated for app1ication in a 10t of 
白印renanodevices. Howeverラ tofabricate devices cornpatib1e with conventiona1 LSIラ
the current growth ternperature is too high. Recent1y， we reported SWNT growth by 
alcoho1 gas source rnethod in an u1tra-high vacuurn (UHV) charnber [1]. This growth 
technique enab1es SWNT growth at 10w ternperature. However， the yie1d of grown 
SWNTs is not sufficient. In this studyラweatternpted to increase the yie1d of SWNTs in 
10w ternpera印regrowth using A1 oxide buffer 1ayer and investigated the rnechanisrn. 

Si02/Si and AbOx/Si02/Si were used as substrates. AbOx buffer 1ayers were 
forrned by A1 deposition (thickness: 30 nrn) using a pu1sed arc p1asrna gun in a UHV 
charnberラfollowedby exposure to the air. Co (thickness: 0.1 nrn) was deposited by an 
e-bearn evaporator on both substrates， on which SWNTs were grown. The growth 
ternperature was 400

o
C， and ethano1 gas pressure was 1.0 x 10-4 Pa. The sarnp1es were 

characterized by scanning e1ectron rnicroscopy (SEM) and Rarnan spectroscopy. 
Fig. 1 shows Rarnan spectra rneasured using Kr 1aser (568.2 nrn) for the grown 

SWNTs. Cornpared to the sarnp1e without the buffer 1ayer， G band intensity increased 
for the sarnp1e grown with the buffer 1ayer. In the RBM region， each peak intensity 
increased by inserting the buffer 1ayer. Rarnan results rneasured by various excitation 
energies showed that the intensities of peaks in the 10wer wavenurnber region were 
especially enhanced by the buffer 1ayer， which suggests that the cata1yst nanoparticles of 
1arger size were activated. 
This work was supported by the 

MEXT through the N anotechno1ogy 
Network Project and Grant-in-Aid for 
Scienctific Research(C) #17560015. A part 
of the Rarnan rneasurernents was perforrned 
in collaboration with the Institute of 
孔101ecu1arScience. 
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Synthesis of DWNTs using arc discharge by adjusting gas pressure 

OK. Kato1， H. Wang1， X. Zha02， S. Inoue1 and Y. Ando1 

lDepartment 01 Materials Science & Engineering， Meijo Universi~μJ中仰
2 Department 01 Physics， Shω19hαi University， China 

Double-walled carbon nanotubes (DWNTs) has the simplest structure ofMWNTsラ

which consists of two layers of an inner layer and outer layer. It is well known that， when 

D¥¥明Tis synthesized by arc discharge， sulfur is used as a promoter [1]. Sulfur has the 

effect of expanding the diameter of CNTs. In this study， we control1ed a diameter of 

CNTs only by adjusting a gas pressure without using sul白r，and synthesized DWNT. 

In this study， we use only iron as a catalyst and added 1 at % in the anode. As the 

cathode a pure carbon rod was used. The Ar-H2 mixture gas was used as the atmospheric 

gas， and the mixing ratio was 6:4[2]. The arc discharge was done under the gas pressure 

of200 To町ラ 350Torr， and 500 Torr. After the production ofDWNTs， as-grown DWNTs 

was purified by the fol1owing procedures: (i) air oxidation at 500
0

C for 1 hour， (ii) HCl 

treatment for ldayヲ(iii)vacuum heating under 10-5 Torr at 1500
0

C for 2 hours. The 

characterization was performed by high resolution transmission electron microscopy 

(HRTEM) [in Fig.l]， field emission [in Fig.2] ， Raman spectroscopy and thermo 

gravimetric analysis (TGA). 

Fig. 1 HRTE恥-1image ofDWNTs 
Produced in 500 Torr 

[l] Y. Saito et al.， J. p除s.Chem. B.， 107 (2003) 931. 

[2] X. Zhao et al.， Chem. Phys. Lett.， 373 (2003) 266. 
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Purification of Single-walled Carbon N anotubes Generated with 
Arc-burning Apparatus by Utilizing Mono-dispersion Technique 

o Shinzo Suzuki 1
ラ
KazutoHara 1

ラ
TakuyaFujita1， Takashi Mizusawa1ラ

Toshiya Okazaki2， and Yohji Achiba3 

1 Department 01 Physics， Kyoto Sangyo University，め10to603-8555， Japan 
2NGF10tube ReseGrch Center-p dIST，TE14KttbG305-8565，JGPGn 

J Department 01 Chemistry，おかoMetropolitan Universiか，Tokyo 192-0397， Japan 

Single-walled carbon nanotubes (S¥¥明Ts)generated by using arc-buming apparatus in 

nitrogen and helium atmosphere， were mono-dispersed in sodium cholate (SC) solution， 

respectively. Although raw soot generated with arc-buming in helium atmosphere includes 

larger amount of carbon impurities than that generated in nitrogen atmosphere， it was found 

that SWNTs made in helium atmosphere were as well mono-dispersed in SC solution as those 

SWNTs made in nitrogen atmosphere. 

Figure 1 shows typical Raman spectra of 

SWNTs made in helium atmosphere as (a) raw 

solid materialラ and (b) mono-dispersed 

material in SC / D20 solution (1 wt%). As a 

reference， (c) Raman background signal of SC 

ヨ
ロ
コ
.I::J 

司

/D20叫Itionwithout SWNTs is also included T 
in the figure. Figure 1 indicates that， despite ~ 

that the Raman spectrum of raw solid material 

(a) clear1y shows D-band structure (indicated 

by an arrow) corresponding to carbon 

impurities， this band can hardly be seen in the 

spectrum of mono-dispersed solution (b). 

ロ

ーー(a)He_175to町 string_2c 
一一(b)He_175 to町 string_sol
一(c)SC/D20 B.G. 

200 400 600 800 10001200140016001800 

Raman shi食/cml 

The possibility of enrichment of pure SWNTs in the soot including lesser amount of 

S¥¥明Tsand larger amount of carbon impurities， by applying mono-dispersion in the 

surfactant solution and density-gradient ultra-centrifugation is also discussed. 

[1] S. Suzuki ， T. Mizusawa， T. Okazaki， and Y Achiba， Eur. Phys. J. D， in press. 

[2] Y Makita， S. Suzuki， H. Kataura， and Y Achiba， Eur. Phys. J. D， 34， 287(2005). 
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Measurement of Cohesion Process of Carbon-Clusters by the 

Mie-Scattering Method in Gravity-free Arc-Synthesis of Nanotubes 

oTetsu Mieno¥ Tan Guodong
1
， Shu Usuba2， Kazunori Koga3 ，Masaharu Shira旬ni

3

1 Department Of Physics， Shizuoka University， Ooya， Surugα-ku， Shizuoka 422-8529， Japan 
"'AIST， Higashi， Tsukuba，305-8561， Japan 

3 Gradate School oflnfo. Sci. & Electric Eng.， Kyusu University， Fukuoka， 819-0395， Japan 

Single walled carbon nanotubes (SWNTs) are produced by the arc-sublimation method， 

where strong heat convection of He gas flows up the sublimated carbon atoms， and the 

cooling time and the reaction time are limited. Under the gravity-free and convection-free 

condition， carbon atoms slowly diffuse and the cooling time is much longer， which would 

make defect-free and longer SWNTs. [1] Previously， we have successfully produced 

SWNTs under zero-gravity and the effect was c1ear. [1] Now， we want to make c1ear the 

production process and cohesion process of carbon c1usters. 

Mie-scattering method. 

A metal reactor， 6.5 inch diam.， 270 mm high (volume of 1.8 L) is used. 

pulse-modulated green laser (λ= 532 nm) is penetrated from the bottom side to the top side 

through the center of the arc plasma. Along the laser axis (z axis)， scattered lights with 

scattered angles of 15 deg. and 90 deg. are detected and averaged by using lock'in 

amplifiers. Figure 1 shows time variation of the estimated c1uster size from the scattered 

signal-ratio， where p(He) = 25 kPa， discharge current of 40 A and z= 2 cm from the arc 

Therefore， we utilized the 

A 

Under zero-gravity， the diameter of carbon c1usters increases to about 0.5 

micro-m， and it decreases under 1.5 G. Under the ground gravity， the heat-convection 

strongly influences the cluster growth. These results support the theoretical prediction. 

We are planning to make more precise Mie-scattering method to obtain good-quality 

carbon -c1usters. 

center. [2] 

Fig. 1 Time variation of the cluster size under gravity-free condition. 
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Open and Closed Edges of Graphene Layers 

*Zheng Liu1， Kazu Suenaga¥ Peter J. F. Harris2， Sumio Iijima1 

lNanotube Research Center， National lnstitute of Advanced lndustrial Science and 

Technology (AIST)， Tsukuba 305・8565Japan 
2Centre for Advanced Microscopy， J.J. Thomson Physical Lαboratory， UniversiηofReading， 

Whiteknights， Reading RG6 6AF， UK 

Graphene， a single layer sheet of graphite， is the basic structural element of all other 
graphitic materials such as graphite， carbon nanotubes and fullerenes. The potential 
applications in condensed matter physics and electronics have boosted interest in graphene 
especially in the structure and properties of its edges [1]. Recent studies indeed c1arified the 
unconventional electronic features of graphene not only the monolayer but also the bilayer 
graphene sheet [2-12]. Folding of monolayer and bilayer graphene， i.e. c10sed edges， were 
also studied by using the transmission electron microscope (TEM) [7，13，14]， however， no 
confirming evidence for the presence of open edges has been so far provided. Neither has the 
actual edge structure of graphene ever been atomically revealed. 

In this study， we report direct imaging of the edges of thermally treated graphite and 
show the evidence for a coexistence of c10sed and open edges in graphene. A high-resolution 
transmission electron microscope (HR-TEM) was operated at 120kV with a point resolution 
better than 0.106 nm. The method for determination of monolayer or more than one layer 
graphene sheets is established. Bilayer graphene with AA stacking has been carefully 
distinguished from a monolayer graphene by means of a series of ti1ting experiments. Open 
edge structures with carbon dangling bonds can be found only in a local area where the c10sed 
(folding) edge is partially broken [15]. 
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New Carbon Thin Film Growth on YSZ (111) 
by Very High Temperature Surface Pyrolysis of C60 

oTakuya NoguchiラToshihiroShimada， Akinori Hanzawa， Tetsuya Hasegawa 

Department ofChemistry， The University ofToわ叫 To砂o1J 3-0033， ~ψ仰

Graphene has been attracting much interest after the discovery of micromechanical 

cleavage technique [1]. Since large area preparation is required for the application of the 

graphene， epitaxial growth on SiC single crystals by thermal desorption of Si is actively 

studied [2]. We have proposed the pyrolysis of molecular carbon sources on surfaces of 

refractory oxides for the preparation of graphene-related materials [3]. In this presentation we 

report new carbon thin films grown on yttria-stabilized zirconia (YSZ; YO.07ZrO.9302) by 

pyrolysis of fullerene (C60). In the experiment， C60 was irradiated like molecular beam 

deposition onto YSZ (111) heated at 2170 K in vacuum chamber (~ 10-4 Pa). The films were 

characterized by AFM， X-ray dif丘action(XRD) and Raman spectroscopy. 

AFM images of the films deposited on the surface of YSZ (111) substrate are shown in 

Fig.1， in which hexagonal grains with the size of 500 nm were observed homogeneously on 

the surface. Raman spectra of the film showed that two 

peaks in G band (weak) and D band (broad)， but no peaks 

characteristic to C60 (1470 cm-
l 
etc.) were observed. This 

resu1t indicates that C60 molecules were cracked on the 

surface of the substrate and an "amorphous" carbon film 

was formed. XRD and X-ray photoelectron spectroscopy 

analysis showed epitaxial growth of zirconium carbide 

undemeath the carbon film. We will discuss the 

mechanism of the zirconium carbide formation and the 

origin of the hexagonal grain shape in the "amorphous" Fig. 1 AFM images of the carbon 

carbon film shown in Fig. 1. films on YSZ (111) surface. 

[1] K. S. Novoselov， A. K. Geim， S. V. Morozov， D. Jiang， 

Y. Zhang， S. V. Dubonos， 1. V. Grigorieva， A. A. Firsov; Science， 306ラ666(2004). 

[2] C. Berger， Z. Song， T. Li， X. Li， A. Y. Ogbazghi， R. Feng， Z. Dai， A. N. MarchenkovラE.H. 

Conrad， P. N. First， W. A. de Heer: J Phys. Chem. B 108， 19912 (2004). 

[3] T. Noguchi， T. Shimada， A. Hanzawa， T. Hasegawa: submitted. 
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Temperature dependence of Raman spectra in epitaxial few-layer graphene 

on vicinal 6H-SiC 

ORyoji Naito1， Susumu Kamoi1， Hitoshi Kakehi1， Noriyuki Hasuike1， Kenji Kisoda2ラ
Hiroshi Harima 1， Kouhei Morita3

ラ
SatoruTanaka3 and Akihiro Hashimoto 

4 

ID己partmentof Electronics，め;otoInstitute ofTechnology，めoto606-8585， Japan 
2 Physics Department， Wakayama Uniνersiか"Wakayama 640-8510， Japan 

3 Department of Quantum Applied Physics and Nuc/ear Engineering， J(川shuUniversi帆 Fukuoka

819-0395， Japan 

4 Department of Electrical and Electronics Engineering， Fukui Universiか¥Fukui 910-8507， Japan 

Graphene attracts much attention because it has remarkable electronic properties over 
existing materials such as silicon. Epitaxial growth of graphene on a silicon carbide substrate 
is an altemative way to obtain it instead of micro mechanical cleavage of highly oriented 
pyrolytic graphite (HOPG). However， the samples of the former method have to take into 
account the inf1uence of the interaction from the substrate. Therefore， to elucidate the 
interaction， we have carried out Raman scattering experiments on few-layer graphene (FLG) 
grown on vicinal 6H-SiC substrates. 

Epitaxial FLG was synthesized on vicina16H-SiC (0001) by surface decomposition. The 
substrate was inclined to [11-20] direction by 4 degree. The substrate was annealed at 1400 Oc 
for 30 minutes under ultra-high vacuum. Raman scattering measurements were carried out 
under microscope from room temperature to 600 oC. The excitation wavelength was 532 nm. 
Figure 1 shows Raman spectra from (a) FLG and the substrateラ(b)the substrate， (c )their 
difference [(a)-(b)]， and (d) HOPG. The G band ofFLG clearly appears after taking difference 
between (a) and (b). The peak 企equencyis up-shifted about 15 cm-1 from that of HOPG. 
Recalling that the peak frequency ofFLG on Si02 is almost the same as that ofHOPG [1]， the 
up-shift of the present G band may suggest that the FLG suffers compressive strain from the 
SiC substrate. To demonstrate thisラ wecompared temperature dependence of the G peak 
frequency between FLG and HOPG as shown in Fig.2. The solid lines are least-square fit to 
the measured points. The temperature gradient of FLG is larger than that of HOPG. In 
additionラ linearthermal expansion coefficients between FLG and 6H-SiC are different. The 
FLG sample is exerted to compressive strain from the substrate in the cooling process from 
the growth temperature to room tempera印re.

1200 1300 1400 1500 1600 1700 

Raman Shi自(cm-
1
)

Fig.1 Raman spectra巴xcited532nm. 
(a) as-synthesized FLG， (b) 6H-SiC， 
(c): difference of(a) and (b)， (d) : HOPG 

[1] D. Graf et al.， Nano Lett. 7， 238 (2007) 
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Fig.2 Temperature dependance of 
G-band peak frequencies. 
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Probing graphene-metal contacts in bilayer graphene nanoconstriction 

y. Ujiie，l S. Motooka，l T. Morimoto，2 D. K. Ferry，3 J. P. Bird，4 and Y. Ochiai1 

lGraduate School of Advanced Integration Science， Chiba University， 1-33 Yayoi， Inage， 

Chiba 263・8522，Japan. 

2Advanced Device Laboratory， RIKEN， 2・1Hirosawa， Wako， Saitama 351-0918， Japan. 

3Department of Electrical Engineering and Center for Solid State Electronics Research， 

Arizona State University， Tempe， Arizona 85287・5706，USA. 

4Department of Electrical Engineering， University at Buffalo， The State University of 

New York， Buffalo， New York 14260-1920， USA. 

Electrical transport in graphene is a rapidly expanding field of research， being strongly 

influenced by the linear energy spectrum and the chirality of the charge carriers. This 

material may have interesting applications as the base material for future carbon-based 

molecular electronics， however， a critical issue concerns the graphene-metal contact due 

to the generally complex interaction between organic materials and metals. 

In this study， we report on the electrical transport in a metal-graphene.metal 

nanoconstriction device， from which we suggest that carrier injection at the 

graphene-metal interface is probably not homogenθous. At temperatures below a degree 

Kelvin， the conductance fluctuations in our device exhibit a quasi.periodic dependence 

across a wide range of magnetic field. The periodic nature is confirmed from the Fourier 

power spectrum of the fluctuations which consists of well-pronounced peaks at a few 

dominant frequencies. These results are in fact highly reminiscent of those reported 

previously in ballistic semiconductor quantum dots (QDs) which features quantum 

point contact (QPC) leads that are used to source and sink carriers to the QDs. We 

therefore suggest that the actual graphene.metal contact is inhomogeneous， also 

indicate the need to achieve a better understanding of the interfacial mechanisms that 

govern the injection of carriers from metal electrodes into graphene. 

This work was supported by Grants-in-Aid for Scientific Research of the Japan Society 

for the Promotion of Science (JSPS) No. 19204030. 

Reference: 

Y. Ujiie， N. Yumoto， T. Morimoto， N. Aoki， and Y. Ochiai，“Fractal behavior in graphene 

open quantum dof'. J. Phys: Conf. Series， 109 102035・1・4(2008). 
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Edge States of ZigZag Boron Nitride Nanoribbons 

OFawei Zhenga，b， Ken-ichi Sasakic
う
RiichiroSaitoaI， Wenhui Duanb， and Bing-Lin GUb 

白Depαrtmentof Phυsics， Tohoku University， Jαpαη 
bCASTUαη，d Depαrtment 01 Physics， TsinghuαUn叩ersit払 Chinα
CDepαrtment of Quαntum M atter， HiroshimαUniversitυ，Jαpan 

Single layer h-BN has been s恥 cessfullyfabricated on the surfaces of metals [1， 2]. 
From whichゥtheBNNRs are expected to be prod町 ed.As graphene nanoribbons [3-6]ぅthe

electronic and magnetic properties of BNNRs are very interesting to investigate theoretically 

[7-9]. 

We have studied the properties and their origins of BNNRs by using the tight-binding 

(TB) models [10]. In the present work， the TB parameters are obtained so as to reprod即 e
the density functional calcl山tionresults. The analytical expressions of boron (nitrogen) 

edge states which appears near the zigzag edge of BNNRs are given. The edge states at 

B edge and and N edge appears near the conduction energy bands bottom and the valence 

energy band topぅrespectively.The second nearest neighbor interaction and modi五cationof 
the potential near the edge are found to be important to explain the dispersion of the edge 

statesう whichis similar to zigzag edge state of graphene nanoribbons [5う 6].In this workう

we also discuss the half metallicity for ZBNNR by considering the Hubbard type Coulomb 

interaction. Thus a possible spin-polarized current is expected especially for unterminated 

N edge with dangling bonds. 

References 

[1] A. Nagashirr見 N.TejimaうY.GamouうT.KawaiぅandC. Oshirr凧 Pl明・ Rev.Lett. 75ぅ

3918 (1995) 

[2] M. CorsoぅT.Greber， and J. OsterwalderぅSurf.Sci. 577うL78(2005) 
[3] K. Nakada， M. F州ta，G. Dresselhaus and M. S. DresselhausぅPhys.Rev. B 54う 17954
(1996). 

[4] Y.-W. Son， M. L. Cohen and S. G. LouieうNature446う342(2007). 
[5] K. SasakiうS.Muraka剖1凶I
[例6列]K. Sa剖sa叫北kiうS. Muraka泊剖a剖m凶n凶lIa剖I凶 R. Sa悩a羽itω0，App判1.Phy戸s.Lett. 59 う 113110 (200ω附6的) 
[7] J. NakamuraうT.Nitta， and A. NatoriヲPhys.Rev. B 72、205429(2005). 
[8] F. ZhengぅG.Zhou， Z. Liuゥ J.WuぅW.DuanぅB.-L.GuぅandS. B.  Zha叩n略l
78う205415(2008) 

[9] F. ZhengぅZ.LiuぅJ.Wu， W. Duan， and B.-L. GuぅPhys.Rev. B 78う085423(2008). 
[10] F. ZhengうK.Sa叫 nうR.SaitoぅW.D凶 nぅandB.-L. Guぅunpublished(2009) 
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Edge phonon of nano・graphiteribbons 

0乱1asaruFurukawa¥ Zheng Fawei
2
， Riichiri Saito
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'"CASTU and Department of Physics， Tsinghua University， Chiana 

Nano-graphite ribbons have recently attracted intensive interest because of their potential 

applications in nano-size devices. In this study， we calculated phonon dispersions of 

nano-graphite ribbons by using the force constants models up to the 4th nearest neighbor 

interactions.[l] Especially we investigated the edge phonon states where amplitude are 

localized around zigzag and armchair edges.In the previous works they shows possible edge 

phonon mode for out-of-plane optic phonon(oTO)[2][3] The edges are considered with and 

without termination of hydrogen atoms. By caluculating amplitude of each vibration for r 
point phonon，we can recognize which vibration mode is edge localized phonon mode. We 

found edge localized mode of zigzag-ribbon around 1450cm-1and that of armchair edges 

around 1530cm-1. We will show the resault comparing with numerical results by first 

principle caluculation [4] and recent Raman measurement of single layer graphene [5].We 

will also report at the corresponding Raman spectra which are relevant to the edge phonon of 

graphene. 

Reference 

[11 R.Saito， T.Takeya and T.Kimura， Physical Review B 57 (1998)， 4145. 

[21 Jian Zhou， Jinming Dong， Applied Physics Lettel・s91 (2007)， 173108. 

[3] Masatsura Igami， Mitsutaka Fujita， Seiji Mizuno ，Applied Surface Science 130・132 (1998)， 870-875. 

[41R.Saito， T.Takeya， T Kimura， G.Dresselhaus， M.S.Dresselhaus， Phys.Rev.B， 59 (1998)， 2388. 

[5]W.Ren at all， unpublished. 

Corresponding Author: Masaru Furukawa 

TEL: 022-795-7754， FAX: +022-795-6447， E-mail:furukawa@flex.phys.tohoku.ac.jp 

一157



3P-28 

Ultra-fast structural change of graphite surface by pulse laser irradiation: 
A time-dependent first-principles approach 

o Y oshiyuki Miyamoto 

Nano ElectronicsRes. Labs， NEC， 34 Miyukigaokα， Tsukuba 305-8501， Japan 

Structura1 deformation induced by pu1se 1aser shot is a key phenomenon for fabricating 

materia1s with high melting temperatures. Recent experiments trying to change inter-1ayer 

distance of graphite with pu1se 1aser shot [1，2] suggested initia1 contraction of inter-1ayer 

distance and 1ater expansion. To understand such non-therma1 processes theoretica1 treatment 

with use of extreme1y high-e1ectronic temperature was made [3]， however excited e1ectrons 

were assumed to follow Boltzmann-type equation which works on1y in therma1 equi1ibrium 

conditions. . 

To address the ongm of structura1 change and to treat non-equilibrium e1ectron 

dynamics， we have deve10ped first-princip1es ca1cu1ation scheme which monitors e1ectron-ion 

dynamics in condensed matters under time-varying extema1 e1ectric fie1d [4] based on 

numerica1 scheme [5] within the time-dependent density functiona1 theory [6] and periodic 

boundary conditions using the p1ane-wave basis set. Then our simu1ation showed an 

expansion of the surface mono-graphene 1ayer， whi1e remaining 1ayers sit at bu1k positions. 

We expect the conditions of our simu1ation deviate企omthose in experiments [1，2] but give 

an new way to massive1y produce sing1e-1ayer graphene sheets. 

All ca1cu1ations were performed by using the Earth Simu1ator. 

[1] F. Carbone et al， Phys. Rev. Lett. 100， 035501 (2008). 

[2] R. K. Raman， et al.， Phys. Rev. Lett. 101，077401 (2008). 

[3] H. O.Jeschke et al.， Phys. Rev. Lett. 87，015003 (2001). 

[4] Y. Miyamoto and H. Zhang， Phys. Rev. B77， 165123 (2008). 

[5] O. Sugnio and Y. Miyamoto， Phys. Rev. B59ラ2579(1999); B66 08990 1 (E) (2001). 

[6] E. Runge and E. K. U. GrossラPhys.Rev. Lett. 52，997 (1984). 
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Detailed Structure Analysis of Carbon N anohorns 
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Single-wal1 carbon nanohoms (SWNHs) are single-graphene tubules， and it is estimated that 

they have diameters of 2-5 nm and length of about 40-50 nm from the transmission electron 

microscopy observation. SWNHs assemble and form spherical aggregates with diameters of 

about 80-100 nm. Since the aggregate is dense and the SWNH structures are not uniformラitis 

difficult to reveal the details of the assembly manner of SWNHs. We show in this report 

advanced thermogravimetric data of SWNH and SWNH with holes opened (SWNHox) and 

their analysis results. 

SWNH was produced by CO2 laser ablation of graphite， and SWNHox was prepared by 

“slow combustion" of SWNHs heated up to 4000C or higher at a tempera印reincrease rate of 

lOC/min in air. Thermogravimetric analyses (TGA) of SWNH and SWNHox were carried out 

in O2 with a dynamic temperature mode in which the temperature increase rate was controlled 

according to the weight decrease rate. TGA of SWNH showed a major weight decrease at 

about 550oC， and additionallyラanew one at about 570
0
C (Fig. 1). From TEM observation， we 

found that the 5500C component corresponded to the combustion of SWNH tubules， while the 
latter， the combustion of graphene-based aggregates

ラ socalled， petal-aggregates. From the 

analysis of the TGA profiles of SWNH and SWNHox， the weight ratio of the SWNH tubules 

and the petal-aggregates were estimated to be about 60 and 35%， respectively. 

Fig. 1 TGA of SWNH. An arrow 
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Applications of single-wall carbon nanohoms (S¥¥明H)[1] to drug delivery system， fuel 
cell， and gas adsorption have been studied and they are found to be potentially useful due to 
their unique structures. SWNHs have diameters of about 2-5 nm and lengths of about 30-50 
nmラandabout 2000 of SWNHs form a spherical aggregate with diameters of about 80-120 
nm. It is thought that the small size aggregate or individual nanohoms should be more useful 
in the drug delivery system for long blood circulation time and excretion from the animal 
bodies. However， separation of individual SWNHs so far has not been achieved due to the 
strong van der Waals interaction between each nanohoms. In this report， we show that 
separation of small-sized aggregate and even obtaining individual SWNHs from the 100-nm 
SWNH aggregate is possible by applying a combined process: oxidation， sonication and 
sucrose gradient centrifugation. 
Firstly， as-grown SWNHs was oxidized (SWNHox) by air combustion from room 

temperature to 4500C with a heating rate of lOC/min [2]. Then SWNHox were mixed with 
aqueous solution of sodium cholate (SCヲ 2mg/ml) by sonicationト300W，1.5 h). The 
obtained SWNH闇SCdispersion was centrifuged through sucrose gradient solution (sucrose 
concentrations: bottom， 30%; middle， 10%; top， 5%) for 1-6 hours with centrifugal force of 
4600g. After centrifugeラ SWNHsseparated into four zones of SC solution and sucrose 
solutions. The measurements by dynamic light scattering (DLS) showed that SWNHs in 
different zones have different sizes. When the centrifuge time was about 5 hours， the particle 
sizes of SWNHs were 30-40， 50-70ラand80-130 nm 企omtopラmiddle，and below zones. The 
TEM observation showed that SWNHs isolated in top zone was individual SWNHs and small 
bud-type aggregate of SWNHs. We also checked as-grown SWNHs without oxidation by 
same process of sonication and centrifuge. We found that the as-grown SWNHs could not be 
separated into the individual SWNHs. This indicated that individual SWNHs and small 
aggregate SWNHs were produced through the process of oxidation， sonication in SC solution 
and separated by sucrose gradient centrifuge. 

[1] S. Iijima， M. Yudasaka， R. Yamada， S. Bandow， K. Suenaga， F. Kokai， K. Takahashi， 
Chem. Phys. Lett.， 309，165-170 (1999). 
[2] J. Fan， M. Yudasaka， 1. Miyawaki， K. AjimaラK.Murata， and S. IijimaラJPhys. Chem. 
Bラ110ラ1587(2006). 
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Plugs Formed by Hydrogen Peroxide Treatment at Holes of Carbon 

Nanohorns 
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5，1-1-1 Higashi， Tsukubα， 305-8565， Japan 

We previously reported that oxidation with hydrogen peroxide at 70-80oC opened 

holes of single wall carbon nanohoms (S¥¥明H)with abundant oxygenated groups such 

as carboxylic groups at the hole edges. We show in this report that“plugs" were fonned 

at the holes when the hole-opened S¥¥明H(SWNHox) was treated with hydrogen 

peroxide at room temperatureラ andat the same timeラhydrocarbonsand/or those with 

oxygenated groups as well as H202 solutions were confined inside S¥¥明Hox.

S¥¥明Hswere first oxidized by heating at lOC/min in air up to 500oC， and further 

treated with H202 at room temperature for different periods with or without light 

irradiation. So-oxidized S¥¥明H (SWNHox) showed abnonnal phenomena. In the 

measurements of temperature programmed mass spec仕a(TPD-MS)ラvariousfragments 

were burst at about 190oC. The emitted fragments were H20， CO， C02ラhydrocarbons，

oxygenated hydrocarbonsラ andothers. Quantities of the emitted fragments increased 

with the increase of H202 treatment periods (15 min. 2%; 45 min. 13%). Coinciding 

with TPD-MS results， IR spectra of SWNHox treated with H202 for 45 minutes 

showed broad peaks at 1050 and1400 cm-1. The fonner is likely to correspond to C-C 

and C-O stretching modes and， the latterラC-Hor O-H bending modes. 

Xylene adsorption by SWNHox decreased with the H202 treatment period (15 min. 

0.29 g/g; 45 min. 0.14 g/g). The decreased xylene adsorpption quantity of SWNHox 

recovered after the 1900C burst. By grinding the SWNHox for 2h， the 企agmentquantity 

emitted at 1900C in TPD-MS considerably decreased. 

These results suggest that the plugs were fonned at the holes of SWNHox during the 

H202 treatment， and the plug is stable up to 190oC. In the plug fonnationラhydrocarbons

and/or those with oxygenated groups as well as H202 solutions were confined inside 

SWNHox. The plugs are probably made of oxygen-containing hydrocarbons， which will 

be discussed in the presentation. 

Contact: m四yudasaka@aist.go.jp
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Epitaxial growth and electronic characterization of Mg圃dopedC60 
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Toyota Technologicallnstitute， 2-12-1 Hisa灼taTenpaku， Nαgoya 468-8511， Japan 

C60 solids have been known as high resistive semiconductor materials. For organic solar cell 
applications， such high resistivity is one of the reasons of low charge transport efficiency in a C60 accepter 
layer. Impurity doping in organic semiconductor can increase conductivity， and control band profile at the 
interface between organic/metal or organic/organic materials. Mg is one of the promising materials for 
guest metal showing semiconductor property. In experimentally， it was reported that the conversion 
efficiency of C60瓜1EH-PPVorganic cells was significantly improved by the automatically Mg-doping in a 
C60 layer during the Mg electrode deposition [1， 2]. However， the detailed discussion of semiconductor 
properties ofMg-doped C60 films has not been reported yet. 
The electric conduction of organic materials is also affected by the crystal quality. It has been observed 
the band conduction mechanism in organic single-crystal materials， while the amorphous one shows the 
hopping conduction mechanism. Therefore， to investigate the essential electric conductivity behaviors， the 
well-crystalline film is required. 
In this paper， we investigate the epitaxial growth of Mg-doped C60 films to obtain the well-crystalline 
films， and electric properties of the epitaxial Mg-doped C60 films compared with micro・crystallineand/or 
amorphous Mg-doped C60 films on glass substrate. 
C60 and Mg-doped C60 films were grown on mica (001) and quarts glass substrates by molecular beam 
epitaxy (MBE). Mg composition was controlled by the beam flux ratio of C60/Mg sources. The Mg/C60 
composition was confirmed by X-ray photoelectron spectroscopy (XPS). Crystal quality and orientations 
were investigated by X-ray diffraction (XRD) me出ureme凶s.
Figure 1 shows the XRD patterns ofMg-doped 
C60 (Mg/Cωratio = 0.6) films on glass and mica 
(001) substrates. For Mg-doped C60 films on glass， 
the observed diffraction peaks correspond with 
polycrystalline C60 phase with fcc lattice， though 
these diffraction peaks are quite weak and broad. 
In contrast， Mg-doped C60 films on mica (001) 
shows only sharp (111)自relateddiffraction peaks， 
suggesting good crystal quality. Furthermore， the 
pole figure measurement of XRD indicates that 
Mg-doped C60 films are grown epitaxially on mica 
(001) in the low Mg concentration region (Mg/C60 
ratio < 1). 
Figure 2 shows Mg concentration dependence 
of the conduct 

References 
[1] R.P.Gupta and M.Gupta: Physica C， 219， 
pp21・25(1994) 
[2] M.Chikamatsu et al.: Appl. Phys. Lett.， 84ラ
pp127-129 (2004) 
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Pressure-Induced Structural Phase Transition of Solid C60 

OYuichiro Yamagami and Susumu Saito 

Department of Physics， Tokyo Institute ofTechnology 
2-12-1 Oh-okayama， Meguro-ku， Tokyo 152・8551，Japan

It is well known that solid C60 is a molecular crystal， i.e.， C60 molecules form solid 
via the van der Waals interaction (fcc C60). However， from the experiments by Rao et al. and 
Iwasa et al.， it is found that fcc C60 transforms into the polymer phase by light or external 
pressure. Moreover， it is also found from the complementary research by Nunez-Regueiro et 
al. and Xu et al. that the crystalline polymer phase can be synthesized under the particular 
pressure conditions. As a structure of such a crystalline polymer phase， three structures have 
been c1arified so far， namely one-dimensional orthorhombic， two-dimensional (2D) 
‘tetragonal' (orthorhombic)， and 2D rhombohedral phases. However， recently， the single 
crystal samples of two kinds of three-dimensional (3D) Cωpolymer phases (orthorhombic 
phase [1] and cubic phase [2]) are synthesized from 2D orthorhombic phase and fcc C60 under 
15 GPa， respectively， and are now of high interest. 
In the present work， we perform the tight-binding molecular dynamics (TBMD) 

simulation of simple-cubic (sc) C60， which is the low-temperature phase of fcc C60， in order to 
investigate its pressure-induced structural phase transition. As for external pressure， we use 
two values of 10 and 20 GPa. Interestingly， results of the TBMD simulation at both pressure 
values are found to be the same， cubic 3D C60 polymer (Fig. l(a)) with its lattice constant very 

c10se to the experimental value. Theoretical and experimental values are 12.15 and 11.93 A， 
respectively. However， its internal structure is rather different from the experimentally 
proposed structural model [2]. In the experimental model， the translation symmetry is 
face-centered cubic， whereas in the obtained structure， the translation symmetry is primitive 
cubic. As for the electronic structure， this C60 polymer structure is estimated to be 
semiconductor with an energy gap of about 2 e V from the calculation using the tight-binding 
model. In the presentation， we will also discuss the detai1s of this cubic 3D-polymer geometry 
optimized by the density functional theory within the local density approximation (LDA) as 
wel1 as the electronic structure calculated by LDA. 

Figure 1: (a) cubic three-dimensional C60 polymer. (b) C60 units on (001) plane. 

[1] S. Yamanaka， A. Kubo， K. Inumaru， K. Komaguchi， N. S. Kini， T.lnoue， and T. Irifune， Phys. Rev. Lett. 96， 
076602 (2006). 
[2] S. Yamanaka， N. S. Kini， A. Kubo， S. Jida， and H. Kuramoto， J. Am. Chem. Soc. 130，4304 (2008). 
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Electronic transport properties of photo-irradiated C60 

Oy'Chiba1， H.Ts可i1，M.Ueno1， Shih-Ren Chen1ぺN.Aoki
1，and Y.Ochiai1 

1) Chiba University，均ryoi，Inage-Ku， Chiba 263-8522， Japan 

2) Southern Taiwan Universit)ぅTainan，Taiwan 

Recently， one of the attractive topics in fullerene research is polymerization of C60 

molecules. Since the first report in 1993， several kinds of polymerization methods 

have been proposed. Howeverラ mostof them have not examined the electronic 

仕ansportproperties of C60 polymers so far. 

We have， therefore， investigated the effect of photo irradiation on the electronic 

仕ansportproperties of C60 thin film and白llerenenanowhisker (FNW) that is 

monocrystalline wire of C60・ Itwas confirmed by investigating the field-effect 

transistor (FET) characteristics. Furthermore， the morphology of photo-irradiated C60 

thin film was confirmed by scanning elec仕onmicroscope (SEM) inspection. 

In our previous research， it was clarified that the electrodes for the top contact 

blocked off the UV-light and polymerization was obstructed undemeath the electrods. 

Therefore this C60 FETs were fabricated with a bottom-contact configuration. From 

1-V characteristics at several back-gate voltages (VG)， it has been confirmed that the 

source-drain current (ISD) and the field-effect mobility (μ) decrease by about one order 

of magnitude after the irradiation. However， the threshold-voltage (刊 determinedat 

IsD-VG curves was lowered from 12 V to 2 V by photo-irradiation. Furthermore， the 

photo-irradiated C60 FET shows clear FET characteristics after exposing ambient 

atmosphere. Although， the ISD value is decreased three or four order of magnitude， it 

showed a response by the back gate operation. 

About FNWs FET， the value of ISD and μdeclined by photo irradiation. In addition， 

the cracks were observed as well as our previous case of the C60 thin film. However， 

the cracks were not observed at some FNW s of thick diameter. Thereforeラitseems 

that the effect of the photo irradiation depends on the diameter of FNW. 

Corresponding Author: Y. Chiba 

E-mail:ochiai@白culty.chiba-u.ac.jp
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Assembling behaviors of [70]fullerene on addition of aliphatic diamines 

oKen-ichi Matsuoka1， Tsuyoshi Akiyama1ぺandSunao Yamada
1ム3

lDepartment 01 Materiαls Physics and Chemistη， Graduate School 01 Engineering， 

めlushuUniversity， 744 Moto-okα，1¥Tishi-ku， Fukuoka 819-0395， Japan 

2Department 01 Applied Chemistry， Faculty 01 Engineering， Kyushu University， 

744 Moto-okα， Nishi-ku， Fukuoka 819-0395， Japan 

3Center戸rFuture Chemistry， Kyushu University， 744 Moto-okα'，1、Tishi-ku，Fukuoka 
819-0395， Japan 

Assembling molecular components into specific structureラ shapeand textile is an 

important and challenging issue in basic science to deve10p functionalities and technological 

applications. Fullerenes have attracted much attention because of their physical properties 

and wide range of applications. Besides these facts， their spherical molecular structure and 

rich chemistry make themse1ves intriguing building blocks for functional architectures. 

Accordingly， wide varieties of fullerene-based assemblies have been prepared [1]. We report 

herein the unique assembling phenomena of C70 through the interaction with linear aliphatic 

diamines. 

Primary and secondary aliphatic amines are known to add readily to白llerenevia single 

electron transfer process [2]. 明弓lenC70 was treated with aliphatic diamine species such as 

1，2-diaminoethane and 1，3-diaminopopane， rhombic dodecahedral partic1es with 

(sub )micrometer size were selectively formed. We found that the resultant partic1es were 

dominant1y composed of the complex species of C70 and diamines， but not fullerene-aliphatic 

amine adducts. We further investigated the aliphatic amine (guest) exchange behavior with 

other amines inside of C70 assemblies and found that the C70 framework shrinks or expands to 

accommodate smaller or larger amine species. 

[1] For examp1e: a) T. Nakanishi， T. Michinobu， K. Yoshida， N. Shirahata， K. Ariga， H. Mohwa1dヲ D.G. Kurth， 

Adv. Mater. 20， 443 (2008). b) M. Sathish， K. Miyazawa， J Am. Chem. Soc. 129， 13816 (2007). 

[2] G.P. Miller， C. R. Chimie 6，952 (2006). 

[3] K. Matsuoka， S. Matsumura， T. Akiyama， S. Yamada， Chem. Lett. 38， 932 (2008). 
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Length growth measurement of C60 fullerene nanowhiskers 

oKayoko Hottaand Kun'ichi Miyazawa 

Fullerene Engineering Group， Advanced Nano Materiαls Laboratoη， 
National Institute for Materials Science， Tsukubα， 305-0044， Japan 

The growth mechanism of C60 nanowhiskers (C60NWs) is investigated. The C60NWs 

were prepared by the liquid-liquid interfacial precipitation method (LLIP method) [1， 2]， 

where toluene was used as a good solvent and isopropyl alcohol (IPA) as a poor solvent for 

C60・

In this study， the growth of C60NW s in various conditions is investigated to know the 

growth mechanism by using optical microscopy (Nikon ECLIPSE ME600) and scanning 

electron microscopy (SEM， JEOL JSM-6700F). 

Various volume ratios of C6o-saturated toluene solution and IPA were examined and the 

volume ratios were set to be 1:9， 1:7， 1:5， 1:3， 1:1ラ3:1，5:1，7:1and 9:1. The average length 

and diameter of C60NWs were measured 24 h after the start of the synthesis at 20
oC. The 

length growth of C60NWs changed depending on the volume ratio of solvents. The most 

uniform C60NWs with similar diameter and morphology were synthesized when the solvent 

volume ratio of 1: 1 was used. F or the solutions with the solvent volume ratios of 3: 1ラ5:1，7: 1 

and 9:1， C60NWs were not formed. 

To investigate the effect of water contained in IPA， distilled water was added to IPA， 

where the solvent volume ratio of the C6o-saturated toluene solution and IPA was 1: 1. The 

water contents in IPA were set to be 0， 0.4， 0.6， 0.9， 1.3， 2.5， 3.8， 5.0， 6.3ラ7.5，8.7， 9.9， 11.2 

and 12.4 mass %. The average length and diameter of C60NW  s were measured 24 h after the 

start of synthesis at 20oC. The length of C60NWs was observed to change depending on the 

water content in IPA. When the concentration of water in IPA was less than 2.5 %， a small 

addition of water promoted the length growth of C6oNWs. The average diameter of C60NWsラ

however， remained constant. When IPA added with an excess amount of water was usedラ

C60NW s were not synthesized， although granular bulk C60 crystals appeared. 

[1] K. MiyazawaラA.Obayashi and M. Kuwabara， J. Am. Ceram. Soc. 843037 (2001) 

[2] K. Miyazawa， Y. Kuwasaki， A. Obayashi and M. Kuwabara， J. Mater. Res. 17 83 (2002) 
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Internalization of Fullerene Nanowhiskers by PMA-treated THP-l Cells 

oShin-ichi Nudejima1， Kun'ichi Miyazawa1， 
Junko Okuda-Shimazaki2 and Akiyoshi Taniguchi2 

1 Fullerene Engineering Group， Advanced Nαno Materials Laboratoη， 

2， 1 Mαtionα1 Institute for Materials Science (NIMS)， Tsukuba 305-0044， 11αrpan 
Advanced Medical Material Group， Biomaterials Center， NIMS， Tsukuba 305-0044， ~αrpan 

Fullerene nanowhiskers (FNWs) can be synthesized by the liquid-liquid interfacial 
precipitation method [1]. FNWs are composed of the fullerene molecules that are usually 

bonded via van der Waals forces and expected to have various application fields such as low 
dimentional semiconductors， field emlSSlon tipsラ nanoprobes for microdevices， 
fiber-reinforced nanocompositesラcompositeelements for lubricationラandso on. 
FNWs have a needle-like morphology that resembles asbestos. Public concern have 

raised th剖 carbonnanotubes (CNTs) may cause asbestos-like damage in health and 
environment owing to their needle-like morphology and strong mechanical properties like 
asbestos in spite oftheir enormous potentials ofwide applications in various fields. Recent1y， 
an asbestos-like pathogenic behavior associated with CNTs indicated a structure-activity 
relationship based on length， to which asbestos and other pathogenic fibers conform [2]. For 
this reason，社 isimperative to evaluate the biological impacts of FNWs before practical 
applications ofthem can be developed. 
Macrophages are one of the immune system cells and defend the host against the 

foreign substances in a nonspecific manner during the ear1y phase of infection. THP-1 is a 
human acute monocytic leukemia cell line and it is well known that the THP-1 cells are 
induced to differentiate into macrophage-like cells when treated with phorbol 12-myristate 
13-acetate [3]. 
Macrophages recognize， internalise and digest foreign substances and the uptake of 

them depends on their size and sur白ceproperties [4]. C60 is also phagocytized by 

macrophages [5] and the uptake rate of C60 is lower than that of graphite partic1es [6]. It is 
important to investigate the phagocytosis of C60NWs to evaluate the biological impacts of 
them. We located the position of C60NWS among the macrophage-like cells 

three-dimensionally with differential interference contrast and confocallaser microscope and 
observed a time dependent manner ofincreased uptake OfC60NWs by the cells. 
Part ofthis work was supported by NIMS Center for Nanotechnology Network. 

[1円]K

[凶2勾]C.A.Poland， R.Du由民I.Kinloch，A.Maynard， W.A.H.Wallace， A.Seaton， V.Stone， S.Brown， W.Macnee and 

K.Donaldson， Nature Nanotechnol.， 3， 423 (2008). 
[3] S.Tsuchiya， Y.Kobayashi， Y.Goto， H.Okumura， S.Nakae， T.Konno and K.Tada， Cancer Research， 42， 1530 
(1982). 

[4] Y.Tabata and Y.Ikada， Biomaterials， 9ラ356(1988). 
[5] A.E.Porter， K.Muller， J.Skepper， P.Midgley， M.Wellan札ActaBiomaterialia， 2， 409 (2006). 
[6] S.Fiorito， A. Serafino， F.Andreola， P.Bemier， Carbon， 44， 1100 (2006). 
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Water-Dispersible Fullerene Whisker 

。YasuhikoFujita， Yutaka Takaguchi 

Graduate School of Environmental Science， Okayama University， Okayama 700-8530， Japan 

As concem is raised for the potential environmental impact of nanostructured materials， 

there has been considerable interest in water dispersion of C60 nanoparticles. Although 

fullerenes are hydrophobic carbon allotropes and not at all soluble in waterラthenanoparticles 

of them remain dispersed in water even without the aid of a dispersant such as surfactants. [1] 

This is in marked con仕astto carbon nanotubes， which requires dispersing agents to form 

stable dispersions in water. Recently， we have reported stable water dispersion of single 

walled carbon nanotubes (SWNTs) via formation of supramolecular nanocomposite using 

fullerodendron.[2] Meanwhi1e， fibrous fullerene nanowhiskers， which are made of C60 or C70 

and have submicron diameters and lengths of more than 100μm， have attracted many 

attention because of their unique properties and applications.[3] However， as in the case of 

SWNTs， stable dispersions of fullerene nanowhiskers in water without dispersant have never 

been reported. This paper describes easy fabrication of water-dispersible fullerene whiskers 

upon irradiation by a fluorescent lamp. 

C60 nanowhiskers obtained by reprecipitation method were irradiated by a fluorescent 

lamp for 40 hours in a stirring solution of toluene/2-propanol. After the filtrationヲ

nanowhiskers could be dispersed in 

ion-exchanged water (Figure 1 b). It 

is confirmed by IR， Raman， XRD， 

and SEM observation (Figure la) 

that the structure of fullerene 

nanowhiskers was not changed upon 

photoirradiation. However， obvious 

anionic charge on the surface of the 

whisker was observed by zeta 

potential measurement. 

Figure 1. (a) SEM images of fullerene whisker， and (b) 
photograph ofwater dispersed fullerene whisker. 

[1] Deguchi， S.; Mukai， S.; Tsudome， M.; Horikoshi， K.，Adv. Mater. 2006， 18，729. 

[2] Takaguchi， Y; Tamura， M; Sako， Y; Yanagimoto， Y; Tsuboi， S.; Uchida， T.; Shimamura， K，; Kimura， S.; 

Wakahara， T.; Maeda， Y; Akasaka， T.， Chem. Lett. 2005，34， 1608. 

[3] Minato， J.; Miyazawa， K.， Carbon 2005， 43， 2837 
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Transmission Electron Microscopy Observation of Cross圃Sectional

Structure of C60 Nanofibers 

oRyoei Kato and Kun'ichi Miyazawa 

National institute for Materials Science， Tsukuba， lbaraki， 305-0044， Japan 

The liquid-liquid interfacial precipitation method is effectively used to create 

fullerene nanofibers， i.e. nanowhiskers[l] and nanotubes[2]， composed of fullerene 

molecules such C60ラC70and their derivatives. 

The as-prepared solvated C60 nanofibers have hexagonal structures， before 

losing solvent molecules by drying， while the C60 nanofibers佃mto a face-centered 

cubic structuresラafterdrying in air. These behaviors show the C60 nanofibers can take 

various crystallographic structures depending on the amount of contained solvent 

molecules and also suggest that the bonding states of C60 molecules change depending 

on their crystal10graphic structure. 

On the other hand， the C60 nanotubes have a tubular structure. It was suggested 

that the hollow structure was formed through a dissolution of the inner part in their 

growth process. 

These mechanisms of structural change of fullerene nanofibers have not been 

understood in detail. We observed the cross-sections of C60 nanofibers to understand the 

structural change mechanism of C60 nanofibers. 

The C60 nanofibers were fabricated by the liquid聞liquidinterfacial precipitation 

method， where a pyridine solution saturated with C60 irradiated by visible light or 

ultraviolet light was used. The C60 nanofibers dispersed in isopropyl a1cohol were 

collected by use of a pipette and embedded into a polyvinyl a1cohol mold. Thin slices 

were obtained by using a focused ion beam system or an ultramicrotome with a 

diamond knife. 

We observed the cross-sectional morphology and structure of C60 nanofibers by 

transmission electron microscopy. 

[1] K. Miyazawa， A. Obayashi， and M. Kuwabara， J. Am. Ceram. Soc.， 84， 3037 (2001) 

[2] K.Miyazawa， J.Minato， T.Yoshii， M.Fujino and T.Suga， J.Mater.Res.， 20， 3， 688-695 (2005) 
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Insulating behavior of CS3C60 at ambient pressure 

as probed by optical reflectivity measurements 

oTakumi Takano1， AlexeyY. Ganin2， Yasuhiro Takabayashi3， 
Matthew J. RosseinsklラKosmasPrassides3ラYoshihiro 1 wasa 

1
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1 Institute for Materials Resωrch， Tohoku University， Sendai 980-857スJapan
2Department of Chemistry， UniversiかofLiverpool， Liverpool L69 7ZD， UK 
3 Department of ChemistJアタ UniversiかofDurhαm，Durham DH1 3LE， UK 

4CREST， Japan Science and Technology Corporation， Kawaguchi 332-0012， Japan 

The discovery of superconductivity in alkali-metal (A) intercalated AxC60 has led to a 

broad class of superconductors of composition A3C60 (fcc) with superconducting critical 
temperatureラ Tcラupto 33 K in RbCS2C60 at ambient pressure [1]. Recently， A. Y. Ganin et.α1. 
succeeded in the synthesis of CS3C60 with high crystallinity， which adopts the A15 structure 
based on body-centered cubic (bcc) packing of the C60 -3 anionsラ anddemonstrated the 

non-superconducting-to-superconducting transition with high pressure condition of about 3 

kbar without any indication of structural transitionヲandthe bulk superconductivity of Tc ~ 38 

K at 12 kbar， which is the highest Tc value ofany molecular-based systems [2]. Consequent1y， 
the great attention for the material has been reinforced. However， because of the difficulty in 
synthesis and the extreme air-sensitivity of CS3C60， even basic information of the electronic 
properties of the material is still insufficient thus far; for example， there is no experimental 
evidence to explain the electronic state of CS3C60 at ambient pressure (metal? or insulator?)ラ
and how it transforms into the superconducting state with the application of pressure. 

In this presentation， we carried out the ~ 
j3' 750 

optical reflectivity measurements for a JJ 
compressed-pellet sample of CS3C60 in the む
room temperature to identify the ambient 身
pressure non-superconducting electronic state 長
of the material. In the figure， the optical 義
conductivity spectra derived via 
Kramers-Kronig transformation are plotted for ここ
A3C60 (A: K， Rb， Cs) samples. In sharp contrast 長
to the spectra for K3C60 and Rb3C60 [3]， that for 舟
CS3C60 exhibits an obvious insulating behavior. 
Additionally， no indication of Jahn-Teller e旺ect
has also been detected. These resu1ts indicate Fig.: Optical conductivity of CS3C60， K3C60 [3]， and 

that the pressure-induced superconductivity of Rb
3
C
60 
[3]・

CS3C60 can be attributed to Mott-Hubbard 
insulator-metal transition. 
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[2] A. Y. Ganin et al.， Nature Materials， 7， 367 (2008). 
[3] Y. Iwasa et.α1.， Phys. Rev. B 51， 3678 (1995). 
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Mikmai，Fuminori lP-26 N akayama， Takashi 3-3 
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Mizuno，Kohei 1-16 Nishimura， Yasuhiro 2-13 

Mizusawa， Takashi 3P-20 Nishio，Keiko 2-1， 2-2 

Mizutani， Takashi lP-19 Nishio，Koji lP-7 
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Shiratori，Yosuke 2P-18 
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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!

-分析例
COSMOSI~ Buckypr叩 Ml伽

COSMOSI~ Buckyp陀P
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COSMOSI~ Buckyprep-M 
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圃その他COSMOSI~ フラーレン関連力ラム

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 
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エレクトロスプレー3480
最小粒子径3nmで、の発生が可能

2.5nm-1000nmの粒径範囲で
粒子の分級 E 計測が可能

ナノ粒子サンプラー3089
2-100nmの帯電粒子を捕集

ナノ粒子表面積モニター 3550
気管支や肺胞に沈着する粒子表面積に

対応したデータを提供
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10W 

39005 
圃優れた操作性とメンテナンス性、高い
変換効率を実現

・高い安定性を実現し、675""1100nm
の超広帯域発振が可能

・フラーレン・ナノチューブの分光用光源

として最適

4 

(5W励起)/675圃 1100nm(10W励起)
1GHz以下のオプション有り)

~ Spectra-Physics. 
A Division 01隙ewportCorpor剖lon

東京都目黒区中目黒4ーら1大和中目黒ビル TEL(03)3794-5511 FAX(03)3794-5510 
大阪府大阪市西区西本町3-1-43西本町ソーラーピル TEL(06)4390-6770FAX(06)4390-2760 



リサイクル分取HPLCは]AIのLC・9000シリーズl

In9 Preparative HPLC 

1Model LC・91041

。LC開9104 大量分取モデル
専用のGPCカラム(40φx600mm)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lζ引き出す装置設計がなされています。

蹄墾鰐韓司

+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。

A肱

臨嬢i鱗;

坦

+LC・9102/9唱03
グラジエントモデル
グラジエントとリサイクルが
ワンタッチで切替えられます。

高分子分析の未来と取り組む!

J~i 日本分析工業株式会社
URL: httpjjwwwjai.cojpj E-mail: sales-l@jai.co.jp 

+LC・9101
標準モデル
専用のGPCカラム(20 ゆ
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。

間関珊曹閉円司• 
口本社・工場:〒190・1213東京都西多摩郡瑞穂町武蔵208TEL 042四557同2331FAX 042田557同 1892
口大阪営業所:干532-0002大阪市淀川区東三国5-1 3-8-303 TEL 06・6393・8511FAX 06・6393-8525
口名古屋曽業所:干465-0025愛知県名古屋市名東区上社3-609-30TEL 052・709圃5400FAX 052・709圃5403



Bruker Daltonics 

スマートな性能とスマートなイメージをご覧ください。

革新的なマススペクトロメトリーは、信頼性が高く次世代の定性・定量的なタンパク質の

同定、高分解なMALDIイメージンクLさらにはバイオマーカー探索を可能にします。
特許のsmartbeam™レーザーテクノロジは、いかなる定性・定量プロテオミクスの
プロジェクトにおいても非常に優れた性能を発揮します。

BRUKER 

http://www.bruker.co.jp/daltonicsをご訪問ください。

thinkforward 



HIMADZU 

f銅器i時計融制盟結知

感比表面積と吸着特性…
マイクロメリティックス

高速l:t表面積物目孔分布測定装置

アサップ2020シリーズ

臨時間時i盟問V



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 ({'t) FAX 052-654-5125 

オフィス家具

室内装飾

学校関連

HP http://www.mashinaxjp/ 

メ-)レ mashinax@sf.starcat.ne.jp

菱田商}苫会社案内

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 立川・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タイノレ・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!苫 名古屋市緑区浦里4-207
Tel 891-8125 
Fax 891-3957 



JASCO Corporation 些ど豊里h

、;

護主主主議強

NRS-3000シリーズは、操作性の向上を実現しました。試料のセットからオートアライメン卜芯と‘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
砂ユーザーフレンドリーな操作性を実現

多ダイレク卜ドライフi方式のモノクロメータと高性能ノッチフィJレタの組合わせにより、

高い波数精度・再現性と高感度化を実現

参グレーティングを最大3枚搭載でき、多様な測定に対応
接レーザを最大6台まで搭載可能
参日本分光独自のSRI機能 (SRI:Spacial Resolution Image) 

によりPCモニタ上で、試非判象とアパーチャ像およびレ ザビームを同時観察

勢コンフォーカル光学系により深さ方向の測定が可能

参イメージング測定に対応可能

多オートアライメン卜機能によりシステムの安定牲を追及

参レーサ放射安全基準Class1の安全性を確保

多スぺクトル検索プログラムおよびテ、ータベース、解析プログラムを標準搭載
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低皮数測定斗二ッ卜は、無機物などの格子振動低波数域を精度よく測定する場

合に有効になります。

-シリコンパターンのマッピンク測定例

マッヒDング開J定で機能と操作性が向上しました。画像情報をもとに測定者が画像
上でマウスを使って、測定工Ijアを指定できます。また、測定中のテ。 タを色分

け図で表示するととで測定結果をリアルタイムで確認するととができます。

ムEC即日間株式加登録音律です。

日本分光
北海道SC011 (741)5285 神奈IIISC045(889)1711 

北日本S-C022(748) 1 040 名古屋SC 052(452)2671 

筑波SC028(自57)5721 大阪SC06(6312)9173 

東京SC03(3294)0341 広島S-C082(23日)4011

西東京s-c042(646)7001 九州SC092(588) 1831 

IS014001 1509∞1 

馨
EM吉
川 t4001捌

"1!~J椛倒
志社工湯

必S.CD日本分光株式会粒
子192-8537 東京都八主子市石川町2967-5
PHONE口42(646) 41 1 1 (代表)
FAX 042 (646) 4120 
リ円L http"l/www.Jasco.co.ip/ 



TOYO~八NSO⑬
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 06-6451-2186 www. toyotans日開 CO.JP 



輯昔濃破碑@分散装

NANORUPTOR@ MODEL NR-3S0 

販売元

丸形超音波処理槽

丸形超音波処理
槽の採用により分
散の高効率化を
実現。

冷却ファン

冷却ファン及び専

用回路の採用に

より長時間運転が

可能。

ギヤー板(品番:
NG-350-50)、
50mL専用共振棒1
本入りセット(品番:
i MM-50W5) 

-各種ナノ粒子(カーボンナノチューブ、フラーレン、

ナノダイヤモンド等)の分散処理に最適。

.最大超音波出力350Wの強力パワー。

・丸形超音波処理槽の採用により分散の高効率化

を実現0

・密閉条件でのサンプル処理が可能。

ーコンタミがありません。
@高性能消音籍付属。

・デジタルタイマーによりきめ細かい時間設定が

可能です0

・冷却ファン及び専用回路の採用により長時間運転

が可能。

NR-350仕様表

晶番 NR・350
品名 密閉式超音波分散装置 Nanoruptor
超音波周波数 20 kHZ 
超音波出力 '" 350 W可変
電源 100 V、50/60Hz、5.5A
最低設置スペース概寸 300 (w) x 400 (0) x 680 (H) mm 
発掘ユニット概寸 400 (W) x 260 (0) x 160 (H) mm 
処理ユニット概寸 170 (w) x 160 (0) X 270 (H) mm 
消音箱概寸 300 (W) X 400 (0) X 520 (H) mm 
NR-350全体重量 36KQ 
ランタイマー 0'" 99分59秒、デジタル
インターバルタイマー(0附 0"'99.99秒、デジタル
インターバルタイマー(OFFl0 '" 99.99秒、デジタル
処理本数 1本 (50mU
付属品 消音箱、電源ケーブル、接続ケーブル、

排水ポンプ、取り扱い説明書、ユーザー

登録カード
備考 NR・350は機器のみです。別途処理量に

応じたアクセサリー(ギヤ，板+チップ)

をお買い求め下さい。

*50 mL専用共振棒 1本入りセット。ギヤー板は別売品。

製造元

::JスE-)l:イオ穂茸会社 率東湘電機株式会社



BIOCIJMP 

M 
パテントであるrTiltedtube rotationJの技法を使用して、

短時間に、一度!こ6本の遠心チューブ内lこ、希望するグラジエ

ントが作成できます。付属のマー力一ブロックを用いて、チュ

ーブの下半分に希望する

SolutionのBotlom%
溶液を入れ、上半分に

Top%溶液を入れ、あ

とはDisplaγlこ1.tEって、 Tilted tube rotation 

2-3回ボタンを押すだけ! 誰にでも容易に再現性の良いリ

価格￥71Q，QQQ(本体のみ)--- こアグラジ工ントが作成できます。

パテントであるrTrumpetTipJを用い、チューブ、内に

形成されたバンド(目に見えても、見えなくても)を上

から順番に、水平に、上下のク、ラジ、工ントとコンタミ無

く、分離回収することができます。またair、rinse機構

により、非常に狭い巾のバンド(通常は0.3mm巾

以上)も回収可能です。力一ボンナノチューブ、の分離、

精製には最適です。(Arnoldet al. 2006. Nature 

Nanotechnologγ.1 : 60) 

価格￥1.96Q，QQQ(本体のみ)---

グラジ工ント・マスターとピストン・ク、ラジ、工ント・フラクシヨネ

ーターを一体化した省スペースタイプです。

価格￥2，6QQ，OOO(本体のみ)---

-詳細については下記にお問合せ下さい。

~説家主rJt--r7f・0ターナシg'1-J/J1l醐
干113-0033東京都文京区本郷3-41-9

TEL 03-5689・9888FAX 03-5689-9890 
E-mail: info@skbio.co.jp 

| URL:  http://www.skbio・~・tm



として注目を集めています。また、単層CNTには構造の遣いにより金属としての性質を持つCNTと

半導体としての性質を持つCNTが存在します。そして、その分離を超遠心機による密度勾配遠心

法により行うことができます。

(a) 

(b) 

[% SC 1.5% 
lodixanol from 20 to 30% 

Sample layer 
士SDS1・5%
SC 1.5% 
lodixanol 40% 

，.._.〆~~号、ーー
f 壬 y一戸ーーミミーミょ、

(1) (2) (3) (4) (5) (6) 

平層c灯分離システム l 
(システム構成)

・目立工機(株)製

(1) CP100WX形分離用超遠心機

(2) P40ST形スイングロータ
(3) DGF-U形密度勾配フラクショネータ

CP100WX P40ST 

本結果は試料に含まれる界面活性剤の組成により金属性

CNTの分離状況が変化することを示しています。
(詳細は下記の参考文献を参照ください。)

(参考文献)

Yanagi， K.; Miyata， Y.; Kataura， H. Appl. Phys. 
Express 2008， 1， 034003-034005. 
Yanagi， K.; Iitsuka， T，; Fujii， S，; Kataura， H.]. Phys. 
Chem. C 2008，112，18889・18894.

この分離を目立工機(株)製分離用超遠心機

CP-wxシリーズにて行うことができます。

また、遠心後の試料の分画にはDGF-U形密度

勾配フラクショネータを使用すると便利です。

皆様のご研究にお役立てください。
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正司君、女組成分析と構造解析『ーー-女形態観察と物性評価
大表面・局所の超微小分析

大超微量分析

安安全'性試験

電話番号 FAX番号
東京嘗業部 03-5419-63331 03-5419-6334 
千葉曽業所 0436-23-515510436-23-5449
大阪営業部 06-6346-2853106-6346-1763
西部曽業部 0836-31-656810836-31-6601

ご相談窓口

東日本・関東地区

関西地区

西日本地区



圃3閉胃理方rJ胃・

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
|白百組織化ナノマテリアル μ l |ナノオプティクス・ナノフォトニクスのすべて I 

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一 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/B5判・352頁・価格/57，750円(税込)

固体裁/B5判・392頁・価格/57，750円(税込)

匡主主z審請己:事E司ft!ii/a1l置:lijiJlla.圃・・圃圃・・・ -M司M... 'f岡田'j"'i停電a青空~i:fQ5t~掃討I~~Q_.
一非カーボンナノチューブ、系の最新技術と応用展開ー 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)

木島剛(宮崎大学) 青柳桂一(マイクロマシンセンター)

国体裁/B5~J ・ 330頁・価格/57，750円(税込) ・体裁/B5判・285頁 .価格/52，500円(税込)

E.ZI~~ゆ18J~理~譜vk1ô_____  _ E:;I'~.MJ司置?1m諸i:t]~宣言a~1吉田時ii.
編 集:米運徹(東京大学) 一ナノインプリント技術の最先端と拡がる用途ー

・体裁/B5~J ・ 322頁圃価格/57，750円(税込) 編 集:平井義彦(大阪府立大学)

・体裁/B5判・330頁 .価格/5ス750円(税込)

i)ナノコンポジツトマテリアル I lナノバイオエ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卜一 -/{イオインターフェイス・ナノバイオプロセッシング
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

園体裁/B5判・363頁・価格/52，500円(税込) 監 修:石原一彦(東京大学)

圃体裁/B5単j・350頁圃価格/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引ー18 TEL:03-6802-164o FAX:03-6802-1641 E-mai 1: info@frontier-books.com 
!iIm.，，.川叫I'Jrrr.TiIl日'iI!!I:r市'‘胃刊，，'



溶液中の粒子のナノレベル微細化・分散に

M'J)Uv/sai!V/1I茸尻持ジナイ十 I 
ホーン先端部の振幅の安定性を、より高めたAdvanceタイプに芯りました。

近年のナノテワノ口ジーの発展及び粉体関連技術の向上により、より微細

お粒子に対する乳化分散処理の要望が増えてまいりました。

超音波ホモジナイザーを使用し、均質tJ乳化分散処理を行い、安定させ

ることにより製品の機能は向上します。

プランソン社では 20kHz 機と、 40kHz 機の 2~イブ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機で目は100nm程度まで・の分散

力があります。40kHz機は、さらに細かいレベルで分散ができる可能性が

あります。

20KHz超音波ホモジナイザー

BRANSON SONIFIERシリーズ
高周波40KHz超音波ホモジナイザー

BRANSON SLPeシリーズ

プランソン社の製品は、ホーン先端部の振幅の安定性が高く、強力怠キャビ目テーションが得られ、効率良く、

再現性の高い分散処理が行えます。



【60]【70][84] PCBMフラーレン
bis【60]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) 18-22(0・K+)47ラーノール
アミノ酪酸フラーレン誘導体

アミノ力プ口ン酸フラーレン

12君;iil~オノ景品プド
高純度多層カーボンナノチューブ

高純度単層力ーポンナノチューブ

水溶'性ナノチューブ

SWNT-COOH，SWNT-NH2，SWNT-PEG，SWN丁目SH
MWNT-COOH，MWNT-NH2，MWNT-PEG，MWNT-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

ビスマロン酸エチルフラーレン
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
Ce@C82金属内包フラーレン
Sc3N@C80内包フラーレン
Anti四 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層構造カーボンナノチューブ
カーボンナノチューブ・フィ}[;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，5~50nm
その他銀ナノ微粒子

ニッケル，コ)'¥}レト，フェ口クロム，フエロマンガン，フエロパナジューム，車鉛，チタン，スズ，アンチモン，タングステン

金，銅，ニッケル，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

Ag， AI， Au， Bi， B， C， Co， Cr， Cu， Fe， In， AIN. B4C， BN. GaP. InP， LaB6. MoS2， Si3N4， 
Mo， Ni， Pd， Pt， Si， Ti， W， Zn TaN， TiC， TiCl-xNx， TiN， WC， WCjCo， YbF3 

3.酸化物

A1203， AI(OH)3， B203， BaC03， BaS04， BaTi03， Ce02， CoFe204， COO.5ZnO.5Fe204. CoO， C0304， Cr03， 
CSH2P04， CuO， DY203， Er203， EU203， Fe203， Fe304， Gd203， Hf02， In203， In(OH)3:Sn02， La203， 
Li4Ti5012， MgA1204， MgO， Mg(OH)2， Mn203， M003， Nd203， NiFe204， NiO.5ZnO.5Fe204， NiO， Ni203， 
Pr6011， Sb203， Si02， Sm203， Sn02， SrA112019， SrC03， SrFe12019， Tb407， Ti02， VO， V203， V205， 
W03， YAG， YAGjCe， YAGjNd， Y203， ZnFe204， ZnO， Zr02， Zr021Y203， Zr02jCaO， Zr02/Ce02 



イン日レ@コンパイラー[(C.J

インテル@コンハイラーは、シミュレーション

解析用プログラム等を高速化することで研究

の効率化を支援します。

ぜインテル@CoreT門 i7プロセッサーに対応

ぜ OpenM門 O対応、自動ベクトル化/並列化機能

ぜ BLAS/LAPACKを高速化し、さらに強化した
インテル@何KLライブラリーをバンドル

LAPACK 
DGETRF: MKL 10.1と ATLAS3.8.0の性能民較
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製品の詳細に関するお問い合わせ先

'J1SIJfl'1%勾包U‘'守ト細書社
www.xlsoft.comlintel/ 
Tel:03・5440・7875

11.0ベンチマークを公開!

圧倒的なスピードをご確認ください。

Intel' 
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(ompil町
Professional Edition 
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Iサイエンス・テクノロジ一分野の I 
研究、開発に最適

I研究機関、企業での実績多数.
お客様の声

「私の研究では 10万元程度の連立li:欠方程式を数万回繰り返し解く

作業に帰着させます。インテルのコンパイラーを用いれば、 gccに比

べて格段に実行時間が減らせますので、大変役に立っていま1仁」

国立大学工学部情報工学科殿

画像パターンマッチング処理にてインテル⑨コンパイラーを使用した

場合、評価アルゴリズムの速度が約ヨ0%向上しました。

大手字宙情報システム開発会社殿

ご購入に関するお問い合わせ先

HPCシステムズ株式会社
www.hpc.co.jp 
TEL: 03・3599・3652

HPCテクノロジーズ株式会社
www.hpc-technologies.co.jp 
TEL: 03・6410・6070

株式会社HPCソリユーシヨンズ 住商情報システム株式会社

www.hpc-sol.co.jp www.clubscs.com 

TEL: 03・5640・7858 TEL:03・5859・3011

こちらからもご購入いただけま www.xlsof

10¥凶、インテル、 Intelロコ、 h凶 Core，Xeonは アメリカ合衆国およびその他の固における IntelCorpc惜 tlonの商標です勾合その他の社名、製品名などは、 般に各社の表示、商標または登録商標です。<tl2009lntelCorporatlon無断での引用、転載を禁じます。



••• 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

銘柄 分子構造 純度(HPLC面積%、代表値) 取扱数量

ST 99 10g以上

nanom控ur腔le TL 
<?~、、

99.5 5g以上h -'" 

フラーレンC60 SU 
1¥¥ )----(， /1; ，~ 99.5/昇華精製品 2g以上

~ & 

SUH 99.9/昇華精製品 19以上

nanon司oran9e ST 

@ 
97 19以上

フラーレンC70
98/昇華精製品 0.5g以上SU 

nanon官n別X @ @ 
C60、C70、その他高次フ

混合フラーレン
ST ラーレンの混合物 50g以上

ST-FはSTの微粒化晶

銘柄 分子構造 純度(HPLC面積%、代表値} 取扱数量

nar悶 m spectra El00 

議PCBM 99 19以上

但henyl豆61-Qutyricacid methyl ester) 

nanom spectra E200 

PCBNB 99 19以上

(Qhenyl ~61 ・Qutyricacid n-Qutyl ester) 

nanom spectra E210 

芯PCBIB 99 19以上

(Qhenyl 豆61-Qutyricacid j-Qutyl ester) 

nanon百spectraEl10 

主成遜
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笹ectraD100 窃:l叫 C混60合OH物In n=10を主成分とする 2g以上
水酸化フラーレン

円=岨 10

nanon唱spectraA 1 00 融:l叫 C酬 640を主成分とする 2g以上
水素化フラーレン 混合

(門=田 30)

nanom spectra G100 曜子d刻、 純度(HPLC面積札代表値)

99 
19以上

2008年11月1日現在
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。

当社製品は、下記2社から購入いただけます。詳細は直接お問い合わせください。
・関東化学株式会社説薬事業本部
干103・0023東京都中央区日本橋本町3・11-5TEL:03・3663・7631FAX:03・3667・8277
http://www.kanto.co.jp E・mail:reag-info@gms.kanto.co.jp 

-第一実業株式会社新事業推進室【担当:錨広(カギヒロ)】
干102・0084東京都千代田区二番町11-19TEL:03・5214・8579FAX:03・5214・8501

<本資料に関するお問い合わせ先>
フロンティアカーボン株式会社営業販売センター【担当・梶原}

干806心004福岡県北九州市八幡西区黒崎城石Tイ (移転いたしました)
TEL:093-643・4400FAX:093・643-4401

※弊社へのお問い合わせはHPよりお願いいたします。 ee 
Frontier CarbOf唱Corporatlo，"
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